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1 ABSTRACT

The worldwide expansion of electric vehicle usagenes with the challenge of adapting the respective
traffic and charging station infrastructure in e#tj resulting in profound changes not only to izdftéelf but
also to the way energy is being distributed. Anaing all-embracing real-time IoT-network will prala a
vast amount of new possible data for planners, eieample in order to get useful insights into the
relationship between traffic flow patterns and logdpatterns of e-vehicles. For this, the use ofadility
data is essential. This paper will present potent#g/s of gathering data for infrastructure plamgnénd user-
oriented recommendations, such as movement patteam&l charging status of vehicles, since this
information is already available but not being sldaby car companies. The given perspective wik tako
consideration individual vehicles and vehicle fea$ well as the traffic network as a whole. Hintiaccess

to current and predicted load for charging stationghe electric vehicle transition would be a Haial
factor for the promotion of electricity-powered i@hs. In this paper, we lay out different apprazgh
Besides manufacturer related data-acquissitios, itluludes as well to provide this information wvser-
generated content (UGC), and to derive chargingpmegendations from a user-oriented, intelligent
recommendation system. Furthermore, the challeregesrding the effects towards the electricity nekvo
and the necessity of physical charging infrastmectwill be discussed. In a future situation of more
heterogenous and dispersed energy supply, beirgy tabpredict the energy consumption of e-vehicles
individually and instantaneously based on collectath will be a necessity for energy supplying cames.
This will intentionally lead to more grid stabiljitypy distributing electricity inside the networkdea on
predicted loads, as well as work as an incentivedfivers to make the transition to e-mobility, bese
finding e-charging stations will eventually not e issue. This paper will take the respective dpestand
potential control mechanisms for traffic pattemm®iconsideration.

Keywords: Smart Grid, e-Mobility, User-generatedvsmt, Traffic planning, Smart mobility

2 INTRODUCTION

A major factor holding back the expansion of rengl@anergy are the shortcomings of today’s powiglsgr
that are unable to effectively handle decentralimed periodically fluctuating power production. Qufehe
most far-reaching political topics in Germany istéring the development of a smart energy gridntegral
part of the transition to green, renewable enetigy,so-called “Energiewende”. Offering great ecalal
economic, and social opportunities- the growingslud renewable energies in energy production pts®@s
enormous challenges for energy supply in genernatl.tiBese problems do not only concern the produagctio
but also the consumption side of the electricitfrastructure, especially considering the adventeof
mobility. A secure and sustainable energy gricheffuture must take e-mobility into consideration aneet
its fundamental prerequisites. The ongoing prddifien of charging stations for electronic vehigbess an
ever-growing strain on the electricity grid, notlyobecause of the additional load but also becaxdfigbe
fluctuation in load during peak times. An adaptedilddup of the electric vehicle (EV) charging
infrastructure, including the need for embracingding patterns in all parts of the mobility netwoik
needed to further facilitate sustainable e-mobility

The approach to solving the problem laid out irsthaper involves gathering relevant data, such as
movement patterns of vehicles and information mtediby charging stations like location, time aradli®o
predict and thus manage electricity distributiorthia grid. By intelligently distributing electrigito places
with high demand at peak hours, the risk of enenggrsaturation as well as shortage are minimized tlae
groundwork is laid for further expansion of the iiag infrastructure, thus creating incentives lowdering

the cost of opportunity to charge electric vehiclesst, this paper will establish a theoreticanfrework
incorporating viewpoints from different perspectivesuch as urban planning, energy infrastructue an
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smart mobility, in order to emphasize the need dosystemic perspective on the issue. After that, a
methodological approach to gathering relevant dallabe introduced. This data can also be usedthero
contexts, for example by adding an intelligent ipdcsystem at EV charging stations based on exgecte
load, that could be used as an implicit way officafontrol akin to conventional city toll systenierefore,

the last step is to consider potential furtheraeses for the collected data.

3 THEORETICAL FRAMEWORK

Other than conventionally fueled vehicles, whicn galy on established infrastructures such as petro
stations, the expansion of e-mobility is highly degent on infrastructures that are not sufficieatigilable
yet. The buildup of those infrastructures needsak® into consideration the comparatively smallrgpe
storage of e-vehicles and long charging times ab ageconstraints of today’s power grid and empéoy
systemic perspective. The low energy efficiencyeefehicles necessitates the availability of chaygin
stations practically everywhere, which means thaificient supply of electricity has to be avaliabven in
rural areas. Therefore, the proliferation of e-rlighbimust be one of the driving forces behind thveraul
and expansion of the existing power grid, and viersa.

From a systemic perspective, this opens other anshsre the relationship between e-mobility and
infrastructure must be considered. In urban plapnifdn example, the expansion of e-charging statierexls

to be extensive, but at the same time additiordfi¢rcongestion caused by short loading cycles langd
loading times must be prevented. Transmission systgerators and electricity distribution operatorsthe
other hand, need to build a secure and sustairabler grid equipped to incorporate highly fluctagti
energy production and consumption. Developers amstles engineers must craft an ICT environment
around those systems in order to enable them ifirgiglace, by gathering, transmitting and preieg data
that power intelligent machine learning procesaéte to predict changes in energy consumptionadfidr
routing instantaneously and operating the element®snomously. Additionally, and often overlooked,
politics have to shape adequate laws and regutaienwell as offer incentives in order to faciétdhis
overall transition process. The development of &ilitg and energy infrastructures will be strongly
connected in the future and enable new methodddar gathering.

4 ASSESSMENT OF METHODOLOGICAL APPROACHES

The methodological approaches differ between tmeiture of data gathering regarding the location
information and in addition the respective chargiagferns.

4.1 Manufacturer-related data acquisition

Today's cars are utilizing sensor technology tdhhgat wide variety of user and vehicle data. McKyns
estimates that modern cars collect up to 25 gigabgt data per hour, much of which is then tramséeto

the manufacturer by Wi-Fi or mobile data connection be analysed for performance control and
maintenance. The most notable data collected bgraiscillustrated in a study conducted by German
automobile club ADAC (2020). According to them, @wnMercedes B-Class for instance collects data such
as GPS position, mileage, consumption, tank filltimg pressure and various liquid levels like em) brake
fluid and screen wash, which is sent to the Mersduickend every two minutes. Sensors also recerd th
style of driving by measuring how often the sedtisetightened up by breaking too hard or how offes
engine running speed and engine temperature arhigho Additionally, the car collects data allowitize
manufacturer to create a detailed user profileragking the last one hundred charging cycles wiBSG
coordinates, date, time and mileage. While thig@ggh by Mercedes is basically a standard procefdure
modern cars, other manufacturers like Renault eynploch more curious practices. Not only can thegre
the data provided by the different sensors, theyatso send commands to the car via mobile cororedtir
example to prohibit drivers from charging their,dathey failed to pay a bill for example, actieatemote
diagnosis, which is deactivated by default, or retyoextend the kind of data being transmitted.cticas
like these open up a lot of questions regarding gaitvacy, one of which is: What happens with b# t
collected data? A good example of how to profitndrthis data is GM. They offer a service called GM
Marketplace that brings personalised advertisematds/our car, thus for example guiding you tadfic

gas station or local restaurant by offering dis¢ésuBut vehicle data isn’t just valuable becaussumhlike
business models. Car manufacturers want to imptiog product and increase lifetime value, insueanc
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companies want to provide more accurate, individastimates for usage-based insurance, urban pknner
want to know more about people’s movements andldeges want to build new products and services
utilizing this data. Therefore, McKinsey predicts rauch as $750 billion of value in vehicle data2®s0
(Peters 2019).

This paper aims to present potential ways of gatgesome of the same data, also independent frensah
manufacturers, in order to better inform infrastuwal planners as well as potentially drivers. Thderlying
technical approach to this will be presented in fibllowing paragraphs. Furthermore, correspondisg u
cases for the approach shown are presented. EMimeagement is such a use case, because E-fleets ar
essential component of future e-mobility, and thdlgenerate large, local energy fluctuationstie power
grid if they are not charged in a coordinated manmhis problem is prevented with the following,tala
driven methodology.Sensor and telematics-basedgéddkeering. One approach could be to collect dgta b
telemetry module, which reads the energy statilseotar. One use case is to minimize the energg cbs
fleet with the help of a recommendation assistanirftelligent charging management. The first congra

of the solution is a recommendation wizard for kb&d operation strategy. This recommendation wizard
creates a charge plan for all vehicles in the flagader a fixed timetable, depending on network ghar
estimates, for example, or flexible electricityifftarand solar yield forecasts using optimizatioathods and
artificial intelligence methods. This plan contaiwwkich vehicle is charged when and with which power
source and thus attempts to minimize the maintenaasts of the eFleet and indirectly brings staghit the
energy grid. This can be further improved by adpgsthe schedules. This adjustment depends stramgly
the energy consumption of the vehicles during aney. Based on this, the second component foruikes
case is the forecast of the energy consumption \whacle for one journey. This can be predictechgsi
artificial intelligence methods on the basis oftaegion, starting time and the route to be takdar-the
destination as well as for each part of the roAtaong other things, neural networks, especiallyunemt
networks, can be used for this forecast.

The next component is the adaptation of the tinletalbo further improve the results from the first
component. For instance, ferry schedules includetwbehicle is assigned for which trip at which ¢infror
this purpose, the forecasts from the second conmposred other data such as vehicle specificatiams, i
particular the loading capacity and performancé¢hefvehicle and the requirements of the trip (nundje
people/goods transport) are used. This can be dolttn methods of combinatorial optimization such a
Evolutionary Algorithms.

Another use case of this data is the optimal pwsitg of charging infrastructure. This depends abal/on
the level of demand for charging at a particulasifpan. Such data is very difficult to obtain aetmoment.
But with this approach it can be also calculatedubgr generated content, because the demand dfirudpar
depends mainly on the traffic flow of electric veles and the charging status of these vehicles.rédse
some of these mentioned solutions were used ifldbemanagement context for a dedicated set atie=h
the principles could be transferred also the mighiletwork as a whole.

4.2 Data gathering by UGC

A potential way to collect location and chargingad&s with user-generated-content (UGC). In thiywa
platform based on UGC could be the foundation foriraprovement in the efficiency of future charging
infrastructures, targeting electric vehicle ownevh the intent of making the charging procesedetf/e for
both the users and the mobility network in genérhé focus on UGC from other approaches, is therseh
to collect user-generated content, that has besatent with a collaborative effort of individualgntrary to
using data from third parties, because it is notage if this data will be provided by car compani&Ve
consider a platform where users exchange informatigth each other, including several important
parameters such as how long they plan to chamgebilities that state whether they can, for examphake

a 30-minute charging break for a user who needs@aent charge. This data is transmitted to allsiséthis
network, and they can plan their route in advarrceal-time accordingly. This platform would be adiéor

an EV owner, as they would be able to have an ¢agex time for how long they would need to charge
their vehicle at a station, with respect to the dethat charging stations nearby, by using an igesit
system that learns user preferences and peak loasb ton local or regional charging stations. The
motivation is to save their time and make the EVarging experience more efficient and comfortable.
Besides this approach, there are also potentiar ethys of gathering, like for instance with a cearlgased
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solution or if that's not possible, by a camerajoliitakes pictures of the charge display. This data be
collected until the drive ends and uploaded to ¢lmud. An artificial intelligence service such as a
convolutional neural network can classify theseypas into an energy status.

Once UGC is available from other users, the modphble of predicting peak loads on a chargingostati
and estimating the typical waiting time for a uaeila specific station, will be used to build a uzeented
recommendation system. The system is capable tdldv@ach user individually and create their ownteou
recommendation based on estimated charging timdspegferences. The vision for this application is,
however, broader than just information exchangmg narrow network connecting the EV owners.

We plan to use this user-generated content to amiArtificial Intelligence model to make prediat®of the
electricity and traffic load on the charging statauring various times of the day or week or yeawall as
getting insights to the mobility traffic patternsthe charging stations. This would aid in monitgriand
limiting traffic congestions in cities. Crowdsourgi in real time can provide great input data toremir
applications for computing optimized routes to eatrand forthcoming users. One of the reasonauidr an
approach is to be independent of collecting datanfthe third-party EV companies or EV chargingiste,
which can become quite a difficult task due to infation sensitivity, competition, and data owngusfihis
data retrieval method is known as user generatetlenob mining which is formatted into a knowledge
representation entity, used for downstream taske &f the main advantages of user generated content
mining for data in a recommender system is theainitetup time period. The duration is relativehos,
some data is ready instantly, and the system @ahwsing its algorithms to make recommendationgie
users. Another feature is the ability to adapthanges quickly. This can be an advantage in cosyato
other methods, when the environment (in our caseathount of charging stations, chargers, and aaktr
vehicles) changes rapidly. Since the Atrtificialeigence model needs data to learn a function akara
load forecast, using newly collected data wouldease the accuracy of the model and prevent daa fr
going out of date. When using data collected owee tthe Al responsible for decision making woutdyo
learn the trends of EV usage at certain chargiagosis for the given time period. However, as sasithe
number of electrical vehicles would change, nevadebuld be needed for the training of the Al, wiasre
with the user generated content approach, no ceamwgald be needed. One disadvantage of this mining
method is that data can contain false informatamijt is no requirement of proving the validity. gther
challenge that we would face is to motivate thesuse submit data. However, if the product is redirag, as

it would make it easier for users to get used &BEN charging and avoid conflicts at charging et there
would be a positive dynamic of people using thefpten and submitting their data. Crucial aspectshis
approach is the user acceptance and willingnessritribute UGC for the named purpose, since thia da
would allow very detailed personal movement pagietm be analyzed, so there should be necessary
mechanisms to protect the privacy of users.

Data mining with sensors and by user generatedenbrdo have their own strengths and weaknesses.
Sensors for example can be quite intrusive by rehg transparent on what kind of data is collected
precisely. This raises issues of data privacy aadd to negative public reception. They are alsasive in

the way that they are either part of the road ngtweo your car, as a driver you don’t have a lotohtrol
over them. On the positive side, they're quite ghaad easily employed and they can reliably colest
amounts of very different kinds of data. While tlsisunds good, it also comes with the challenge of
transferring and analyzing huge amounts of datectffely. User-generated content on the other heailid
most likely not raise any questions regarding giteacy as the user has full control over what kifidlata

he wants to send to whom. The data generated siexklso processed already by the user who putsoit in
some kind of website or application, thus the ckaotccollecting irrelevant data is much lower ahdsi
presumably easier to process the data. But theslohdata that can be gathered is limited to somegttinat
can easily be perceived by the users and it likaffers from subjectivity, either in the way itpsrceived or
whether it is recognized as relevant in the fitate.

5 POTENTIAL APPLICATIONSFOR URBAN AND TRAFFIC PLANNIN G

Theoretically, urban and traffic planners can aghpky data in two different ways, on the one hareteths
the location data enabling the informed improvenwdntaffic routing and on the other hand the infiation
on charging patterns are helpful for upgrading angbanding the energy infrastructure. Generally,
digitization will have a drastic and lasting impact only on mobility, individual transport as wak public
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transport, but also on infrastructure planning alleespecially the relationship between traffioirol and
energy distribution. Thus, the future developmehtudan areas and districts will require a new and
innovative approach to energy supply, particularyolving solutions for renewable energy, storage
possibilities and adequate e-mobility infrastruetur

The following chapter will introduce a potentialditibnal use case for the data generated by theogea
methods, aiming to further demonstrate the inteicaelationship between e-mobility and energy
infrastructure, at the same time taking politicahizol mechanisms into consideration.

5.1 Potential further data use traffic planning

The data collected by the presented approach caisdxt for infrastructural planning purposes in puriihy
two ways, firstly for monitoring purposes in gerleaad secondly for traffic management, for exanipte
providing incentives and restrictions.

5.1.1 Realtime traffic Monitoring

A smart e-mobility charging infrastructure, as mét in this article, would be an integral partaololistic
mobility concept for future smart cities and thetgmdial synergies between such a system and other k
elements of smart urban mobility promise to offeriteresting outlook into the future. As a conidusto
this article, the following chapter investigatese tipotential interaction between a smart charging
infrastructure and a real time traffic managemeystesn. Smart traffic management is often perceiagd
synonymous with smart mobility in an urban contexen though it is only one component of it. An
integrated real time traffic management systemapoissibly circumvent issues such as traffic cotges
insufficient parking space capacities, high emissiand low quality of life for residents, e.g. besa of
noise pollution. While the goals and presumed bienef such a system are clear, the implementasicill
severely lacking. This is because it is heavilyiardl on several preconditions, some of which are
technological ones, that have not yet been realiredrder to illustrate this, it is helpful to aaswn the
implementation of a smart traffic system as a rsilige process (Citron 2019):

« Developing (Vehicle Detection & Data Collection)af@era, sensor, GPS data Focus on traffic
planning

« Managed (Traffic Analytics & Evaluation): Trafficouting is possible Travel time analysis
Optimization of traffic lights

« Mature (Advanced Traffic Management): Real timetoanof systems Integrated in vehicles Al &
cloud-based platforms Data exchange with othergslac

In order to realize a fully manageable real tinadfit control system, several enabler technologieed to be
widely available and controlled via a shared plaifoe.g. loT, Cloud Computing, Machine Learningl/ A
smart way of energy distribution, that can supphgergy needs when und where they occur, will be an
integral part of such a system. One example fontagrated system like that could be a connectet ajr
charging stations for e-vehicles that is suppliegahding on traffic flow. Thinking even further smart
charging infrastructure that is integrated intonaag traffic control system could be used as a why
controlling traffic flow itself, by providing a sysm of incentive-based pricing. One of the reasuimg data
is often referred to as the ‘oil’ of the digitaleads because of its ‘raw’ nature and its abilayoe refined into
a plethora of useful states. This means the samaecda be used for different means, depending anit®
processed. The data produced by the means preseibési paper for example can also provide théstfas
smart traffic management.

5.1.2 Incentive based pricing for e-mobility as a wayraffic management

Theoretical incentives could be distinguished figtositive” and “negative” approaches. Be it postienes,
such as tax exemptions, money grants or other ibeii&é free parking, being able to drive on basds or
being exempt from paying city tolls, or negativeesnlike city tolls, auto free zones or combusgngine
bans, incentives already are a main driver beHhiedptroliferation of e-mobility (Wang et al. 201®)ther
approaches for toll systems based on location (Mdémothu 2016) as well as potential applications in
highway networks (Lee, Tseng, and Wang 2008; Tah &017) are discussed in relevant literaturegbat
al. 2019). While suchlike measures are mostly eipdind therefore obvious, possibly leading to tigga
repercussions, additional implicit measures pron@iseay of more subtle control. A possible way of
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‘nudging’ residents to use specific routes couldtbeemploy smart pricing at e-charging stationst Fo
example, an app in your car or on your phone, dilextrific (electrific 2020), that aims to optimizeur
routing through everyday traffic based on anti@gatongestion and other factors, may be able wegyou

to charging stations that have lower prices, tlweedisincentivizing you from using ‘more expensive
routes. The prices at such stations would of cobeseariable and based on the current traffic ftwwn city
policies, e.g. to make districts car free, etcystem like that could even work better than citystahat are
generally not very appreciated by most residents.implicit system, that guides you based on prizes
charging stations, could eventually replace citig taltogether.

City tolls have been established in many citiesuadothe world (e.g. Civitas 2013), while implemdiaia
practices differ widely. Whether there is a ringtaf stations around cities or there are electaneans of
tolling residents (Sanal et al. 2019), while effext these measures tend to be unpopular with local
inhabitants. The challenge with a system like thadhat it needs a highly integrated, interoperd6l€ and
energy infrastructure. While loT-sensors or camerses] to measure traffic flow and/or other envirental
data, this information needs to be bundled, andlyaad interpreted by Al in a cloud computing
environment, and the derived optimizations neebet@ommunicated, e.g. by changing traffic lightuwits,
adjusting energy prizes at charging stations aotly messaging drivers (Popoola et al. 2018; Abgal.
2015; Soylemezgiller, Kuscu, and Kilinc 2013). Timsturn requires drivers to be able to receivehsuc
information, either by phone or directly in the @rd acting on it. All in all, a system like that énly
imaginable in a holistic integrated smart city eamiment.

Research in this field is scarce. Most projectdiarged in scope to specific use cases, for exangkSmart
(LokSMART 2020), which is focussed on local flefifés for e-mobility, 3connect (Smartlab 2020),
mainly concerned with commercial e-mobility in singrids or electrific (electrific 2020), a consunside
platform for smart routing. Only very few reseaprbjects, such as iMove (Hubject GmbH 2019), aymdr
to bring data from different sources together aradt@n integrated ICT infrastructure. But evensiare
mostly limited to a technological perspective amh'd account for political viewpoints. Incentive deal
routing options could also be used ultimately fotual city tolls. They can be designed theoreljcalith
“soft barriers”. Tolling by making charging costdated to geographical location (expensive charginges
in the city center) as well as with a stricter agpic like a geofencing for vehicles. This meang tbl
barriers could theoretically be installed everyvehierthe urban area, flexible in location and ais®. This
enables new possibilities for real-time-traffic rmgament for planners, such as influencing the hash-
traffic as well as reactions to natural disasties flooding for instance. In addition, this potaty enables
new business models. Though, this far reachingilpib8es have to be critically considered reagagilegal,
privacy and ethical aspects. There are first coisceggarding privacy-preserving toll systems (J&redo,
Castella-Roca, and Viejo 2016), but the embraciegvwegarding the mentioned aspects have to ba take
into consideration.

5.2 Requirements for energy infrastructures

It will be important to demonstrate how intelligegrtds with a majority of renewable energy ensuseceure
and efficient energy supply and which concepts &otinologies can be used for this purpose to aehiev
efficient and safe energy networks, especiallyhm traffic context. The core functionality of Smatids
itself is connectivity. With this, it is possibl® tconnect plants, systems and devices via thenigter
regardless of location. If the systems and compisn@ernolved can communicate quickly and securdigyt
can, for example, be combined into virtual powesngd and controlled as required for instance. These
aspects will be especially crucial regarding theettspment towards a more e-vehicle based transpadel.

The resulting effects of a higher rate of e-velsdier the grid will be enormous. Besides, for ins&the
potential location finding process and approvakoimbined heat and power plants, district-basedggner
storage, geothermal powerplants the impacts ofntlility sector will seriously induce some effects.
General question concerning the general modelasfsport (more public transport, more individualize
more car-sharing) have their own demands for theigdeof the urban space and the corresponding
connection to the electricity network. In this wélye design of a mobility concept is inseparablgraxted

to the design of a Smart Grid in the light of a 8n@Gity (Exner et al. 2019). Especially with questiof
using approaches such as vehicle to grid, the plgrand use of grids has to be linked to real tias well

as strategic - traffic management.
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6 CONCLUSION

From a systemic point of view, fundamentally neguieements for vehicle-related charging will deyelas
well as an increasing demand on the power grigillitbe crucial, how the amount of investmentshe tow,
medium and high voltage grid by 2050, in case strang electrification of transport (more than 56¢all
vehicles), will be held at a level comparable te thistorical investment level by the use intelligen
management of charging all vehicles. This new idigit world of electrified transport provides mplé
new options for planning purposes based on locatada and charging status. Society will face a-fusil
fuels — future, but in this world, data will be thew oil. The transport and mobility network anebdt
electricity network won't work together efficientlyf there aren’t any real time information aval&b
regarding location and charging of vehicles witthie traffic network. We presented different methtals
collect a coherent dataset, with all respectiveaathges and disadvantages. From one perspectise, th
database enables totally new possibilities for moomg the traffic network as a whole, but also #or
embracing traffic management, even towards theafisgértual city tolls, which are flexible in timend
location. Though, this raises issues of securitydata privacy, especially when new technologie® tha be
applied (blockchain for instance) in order to addrthese problems. Also, ethical questions willeam this
context, if restrictions could be applied, regagdiwho can drive where and if these issues will dso
incentive-based. All of these aspects have to sidered from a multidimensional and interdiscigtin
perspective which will strengthen the need for @vapion of urban planners, traffic planners, datargists
and respective other partners.
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