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ABSTRACT:

Battery swapping of electric vehicles (EVs) mattppears to be the swiftest and most convenient &susThe existence of
swapping stations increases the feasibility ofriisted energy storage via the electric grid. Hosveit is a cost-prohibitive way of
charging. Early adaptors’ preferences of /percegtimbout EV system in general, has its inflectiaff@cts on potential users hence
the market penetration level. Yet, the chargingtenaif electric batteries worries the users and putre pressure on them with the
more rigorous planning-ahead they have to maker poicany trip. This paper presents a distinctivey wé charging. It aims at
making the overall charging process at ease. Fratoser look into the literature, most of EVs’ ptgiions depend on domestic
charge. Domestic charging gives them more confidemd increases the usability factor of the EVesystNevertheless, they still
need to count on the publically available chargiognts to reach their destination(s). And wheroines to multifamily residences,
it becomes a thorny problem as these apartmentotibave a room for charging outlets. Having shlitritating charging time
needed to fatten the batteries over the day andnihamal average mileage drove daily, hypotheticaiiome delivery charging
(Movable Charging Unit-MCU) would be a stupendoususoh. The paper discusses the integration of skbpath algorithm
problem with the information about EV users witaimetropolitan area, developing an optimal routeafoharging unit. This MCU
delivers charging till homes whether by swappintgdsas or by fast charging facility. Informatiobaut users is to be provided by
the service provider of the neighbourhood, whiatludes charging patterns (timing, power capacity)is problem lies under the
shortest path algorithms problem. It provides optinoute of charging that in return shall add malébility and usability values
and alleviate the charging/ limited range / dailgnming anxieties. The model is in a very prelinmnstage of development, future
work is needed to elaborate on the model and dpigja complete feasibility study.

1. INTRODUCTION 2012A). The simulation aims at depicting the whpieture of

the system and trying to develop a planning as#istzol that

1.1 Introduction can assist policy makers and planners in plannirg new

) ) ) ) ) . charging points (CPs) to support the future uselBgthawy et
This paper aims at discussing alternative way odrging al, 2012B); (ElBanhawy et al, 2013). Vehicular sintioia

electric vehicles (EVs). It presents a more usefudl helpful  g4ution has been the selected way to depict tee@henon of
idea of charging pattern in order to ease the ¢hargrocess. | ;gers’ charging patterns.

The rationale behind the proposed charging teclenicame

from the users’ feedback and market penetratioelldvarket 1.1 Market Penetration L evel

participants need to fully understand consumerstggions

and preferences in order to make the right investsat the |n Europe and with a particular strategic focuspoivate and

right time (McGuinness, 2011). In the presence bé t non-commercial electric cars, the total numberegistered cars
concurrent environmental concerns regarding the @o#  can indicate the level of market penetration. la finst half of

greenhouse gases (GHG) emissions, many developdd apoi1, the total EVs registrations were 5,222 (JARD11)

industrial countries have been taking initiativesptomote low  which depicts the EV niche market that is in a neeéd of

carbon emissions vehicles. These active regiongveelthat  expansion and creation of conditions for growth thoe mass
finding alternative green means of transportatiomuld  adoption (Graham-Rowe, 2012). The market is hampesed
positively have its resilient effect on the overarbon  many factors e.g. cost, range, capacity, visuakabfGraham-
footprint. In these active regions yet the EV maikehindered Rowe, 2012) speed, and lack of recharging infrasirac
with several factors. One of these hurdles revolemind a integration (Garling, 2001); (Hatton et al., 200%ne higher
simple daily question raised by the users, wherehtarge my  ypfront price of EV compared to conventional caoi of the
EV? This question takes place due to the elecefdoles range  considerable barriers by potential users (Garli2§01);

anxiety, EVRA. The EVRA is a very common syndromet tha nevertheless, the degree of urban geography, mankairity

happens to EVs' drivers. The authors have beeningin the  and infrastructure have their effects on marketwiio(JATO,

area of simulating EVs systems examining the iettgn of  2011) as well.

charging points within metropolitan areas (EIBanhastyal,

* Corresponding author. This is useful to knowdommunication with the appropriate person in cag#gsmore than one author.
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Several factors pertinent to EVS' battery range eappto
influence users’ anxiety during driving; known as/FA
(Nilsson, 2011). It is believed that this anxietpders the EV
market expansion (DfT, 2011). EVRA basically exidige to
the short full-electric range the EVs have (HMGaweent,
2011). Full-electric range is the maximum distaaceehicle
could travel without a need of charge (Eppstein1130
Therefore, it can be said that providing accessiid high
visible charging network (hard and soft infrasture (Beeton,
2011) generates interest amongst consumers andirages
uptake (Element Energy Ltd, 2009). Towards develgpa
unified ecosystems and smart cities, investigaaimg predicting
the consumers' response is a significant chall&\genarketers
are facing (Beeton, 2011); (Strahan, 2012). EV ntasken the
verge of expansion and maturity.

1.1.1 Optimization-based and heuristic-based techniques
This paper uses optimization based computing soiutThis
solution has been used widely in construction $itgout
facilities problems. This application was due te tmportance
of having appropriate site layout of temporary liies to
enhance productivity and safety on constructioessitt is a

conditions for growth for the mass adoption of BMeen ‘early
adopters’ may not represent ‘mainstream consum¢es’
Graham-Rowe, 2012); (J. Gould and T. Golob, 201®tisSics
showed that most of the users rely on domesticgihguas this
keep them more secured (McDonald, 2012). This sliudwise
other sides focusing on those who do not rely ometiic
charging, studies all possible means of chargitggpathat will
better work for the users. The system usabilitpne of the
crucial

2.2 Charging Services M arket

One of the primary obstacles to expanding the EVketain
large urban centres around the world is the chgrgirocess.
The charging points are marked at three levels ofvep
delivery for the current commercially available ttaology.
Level 1 which is (110/120V) at 15-20 Amps and lewzl
(220/240V) at 40 Amps that charges in less timeherDC fast
charging (480V) option that can fill up the battémya fraction
of an hour (inductive or deductive). The three ami are there
for charging though the first two are the best elitfor
residential applications. Charging service mightetgitace at
homes/ multifamily residence (domestic), on strgetblically

complex problem and in recent years researcherse haavailable charging), off street (at work, parking, [private

attempted to solve using a variety of optimizatimsed and
heuristic-based techniques. In a study conductetidnazy, a
genetic-algorithm based model for site layout piagnwas

presented and analyzed. This model which is c&DSITE)

because of the use of evolutionary algorithms, begeral

advantages. It is applied to any user-defined shape; it

accounts for the user preference in the relativseriess among
the facilities; and it incorporates a genetic aitipon procedure
to search for the optimum layout in a manner thatukates

natural evolution. EVOSITE uses excel Microsoft iasf

intuitive spreadsheet. The representation of sitel dhe

facilities are in a two dimensional grid. GA is &ipd to

automate the evolution of the layout solutions.rékaHegazy,

1999); (EIBanhawy, 2011).

1.2 Train of thoughts

The paper addresses the following points:

zones).The fast-charging option suites more with itirstreet
and off-street parking. Yet, it is considered anst prohibitive
option for residential applications and it somesmees beyond
the charging needs of most city drivers.

Charging frequency alternates as it is a functiordistance
driven, electricity prices, diving style and patiedoad and
external conditions. Drivers who are depleting rthitteries on
a daily basis need to charge daily and probably efbically
while those who drive less comparatively can changestreet
or at work and not even on a daily basis (Peterdohl).

2.3 Swapping batteries

Another option of charging the vehicles is to swhp flat
battery with a fully charged one which is an expen®ption
though more convenient, the battery swapping. Thiarging
pattern is currently being championed by severavice

1. Discussing and finding the winning strategies fo providers in different countries, Israel is notabfynsidered as a

charging;

leader in this technique. In 2011, swapping EVdtdi@es has

2. Presenting a hypothetical approach to deliveshowed up to be an alternative way of rechargingsiael, the

charging service;

drivers have to direct themselves to the nearestladle

3. Examining the factors that would affect chargingcharging point, and all it takes is an RFID cardetder the

delivery.

The paper is structured to start with the socigld®f charging
showing the focus of the study and giving an owwbf the
EVs market. This is followed by the mechanism &f pnoposed
approach which is finding the shortest/ optimalhpptoblem
solving technique. The hypothetical model is présgishowing
the parameters, variables, and constraints endiitg the

discussion and conclusion.

2. SOCIAL LOGIC OF CHARGING
2.1 Focus of the study

This study strategically focuses on both privatectic cars.
The total number of registered electric cars caticate the
market penetration. In Europe, in the first hal26fl1, the total
EVs registrations were 5,222 (JATO, 2011). This liegp a
niche market that is in a real need of expansiah@sation of
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station, and robots from below swap out the emptyeby for a
fully charged alternative while the car passengeuld occupy
themselves for three minutes (Schluman, 2011).

2.4 Charging pattern trend

A global study by Accenture (NYSE: ACN), a study afer
7000 people in 13 countries, found that 62 pereentld reject
battery swapping, where empty batteries are quiciyaced at
service stations for fully charged ones, preferriogplug in
their car to recharge the battery. This limits tpgortunity for
charging off peak, when battery swapping compamiesid
most likely refuel batteries. It also revealed tbatsumers need
more supportive charging infrastructure in ordematimpt fully
EVs. Only 29 percent of car drivers would buy EVen the
rest prefer plug-in hybrid EVs (PHEVS), which run gasoline
/ diesel once the battery runs low. 85 percentfshy electric
PEVs have insufficient battery range to cover theity driving
needs. But 83 percent cite the insufficient avalitybiof



International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences,
Volume XL-4/W1, 29th Urban Data Management Symposium, 29 — 31 May, 2013, London, United Kingdom

charging points and 70 percent think charging tirffesfull
plug-in EVs are too long (McGuinness, 2011).

2.5 Dilemma of on-street parking

Domestic charging has been always the common clodiearly
adaptors as it ensures having a full battery td #ta journey.
Most EV drivers charge nightly or bi-nightly basighis is also
due to the very limited available time for chargihgough the
day time, finding the nearest and available chargiaint with

the commercial and technical compatibility measufé® study
showed that 55 percent would only plug in their REven they
need to charge up, rather than whenever they péhis

behavior could result in less predictable chargiatferns and
could reduce the demand for public charging infrastre
(McGuinness, 2011).The problem does exist whensitai
multifamily residences (i.e. apartments and conddmis)

where insufficient number of parking spaces, cemsed

electrical room capacity, expensive installationstso and
multiple EV users make it more thorny and does tiptthe

balance in favour of EV market penetration (Peter2011).
The problem is even more stubborn when it comesxisting

neighbourhood and housing stock. These buildings reot

designed to accommodate EVs.

3. ALTERNATIVE MEAN OF CHARHING-SHORTEST
PATH ALGORITHM PROBLEM

To see the EV a viable long term transportatiomraditive,
stakeholders and market participants have to civeminthe
thorny matter of charging service. Shedding ligitshe above,
this paper presents an alternative way of chartjiag satisfies
the following conditions: (1) less time to repldnithe battery
via providing level 1 and 2, (2) convenient timedaarge as
being available during the day, (3) convenient fiaceas being
close to their homes, (4) provides both swappingd) @marging
options. The proposed solution aims at deliveritgrging
service at the users’ footsteps. Having said thastnof the
EVs' drivers count on the domestic charging, yéhdy find an
easier/ cheaper/ more convenient way to crank tmaitors,
they will definitely go for. The whole notion is tdesign a
charging hotspot. This hotspot is movable and tiégsa
charging unit (MCU) as it serves the community wkierghere
is a not sufficient charging service or there i$ an access to
service. MCU will have a defined computed path ande. The
route is calculated based on the shortest pattritidgowhere
the algorithm is looking for the optimal path tithe MCU
should take. The best itinerary is chosen to cdéiverconfined
urban territory by:

3.1 Shortest path algorithm problem

Engineering algorithms has attracted increasirentitin during
the last years (Wilhelm, 2005). Computing shortesthg is a
base operation for many problems in traffic appicss. The
most prominent are certainly route planning systéonscars,

bikers and hikers (Jabbar et al, 2005), or schedgéicles like
trains and buses. These models are stem from ppétations.

Using realistic data is quite important as the grenfance of the
algorithms strongly depends on the characteristfcthe data.
In shortest path problems, the algorithm works extucing the
search space by applying Dijkstra's algorithnridéstto find the
shortest path between nodes (intersections) andse(limks,

segments, streets, avenues) starting from the soeaching the
target (Wilhelm, 2005). In particular, this probléries to solve
many queries for the shortest paths; however, thsept study
is considered as a sub-problem of this case. Hstigates only
a one shortest path within the network; which &sbute of the
unit.

Within the model, edge lengths are not Euclidesstadices.
They are determined from travel times, thus repri@sg our

distance estimates. Reasonable (relative) locattimates are
then obtained by embedding this graph in the pkush that
edge lengths are approximately preserved. Patisest results
have been published previously in (Brandes, 2004).

3.2 Trave Planning Systems

A public transport model/graph might represent awoek of
trains, buses, and other scheduled vehicles whiehha travel
planning systems. These systems are consideredestrizgted
shortest path problem as the vehicle has to patiugh specific
edges/nodes. The more details we add to the mtidelnore
complex it becomes, for instance; connections, alehiypes,
transfer times, or traffic days into account.

4. MOVABLE CHARGING UNIT (MCU) MODEL

In this section we introduce a hypothetical exampleMCU
model serves a residential district. The modeltstaith the
layout designing of the MCU, defining the urban icst
outlining the constraints and parameters, andl§imahning the
algorithm and discussing the outcomes.

4.1 Layout design of MCU

The MCU is basically a charging hub, it is therefoomtains 2
types of charging, fast charging (840 Volts) andtdres
swapping. A schematic design of the unit from iessthows the
two sections, figure (1). The right section hasudlads for fast

1. Providing charging services to minorities not charging which means the unit can serve 4 carme.tin 40

using domestic charging;

minutes it can replenish 4 EVs batteries that rabgiveen

2. Serving as a back-up for those who chargesma” battery capacity (16 kWh) likewise Chevroletltvand

domestically;

large battery (24KWh) likewise Nissan Leaf. The &fle of the

3. Allowing versatile charging options for all users unit is for batteries swapping. It has a fair numbgbatteries

(fast charging/ battery swapping);

Hence the users who are not counting on domestecgiiy,
will no more need to look prior to their trips, the nearest
charging point in their vicinities(on street/offrestt), the
publically available ones.
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which are ready to be used. Special robot mechaisisttached
to the unit to automatically replace the flat battén the
vehicles with a fully charged one, from those siarethe unit.

Figurel. MCUs Schematic Layout
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4.2 The Experimental Neighbourhood District

For the purpose of the study, a residential distrienultifamily

residences has been designed, figure (2). Theadistintains
our zones need to have access to charging sefvédh zone
contains three blocks; each block has a numbeNsf &wners,
figure (3). The MCU has to serve each zone sepgratel

EW'S' USERS IN THE VICINITY

Figures 2a and 2b. Neighbourhood district layou@Wizone

Based on the selected path; the optimal possibltitots for
MCU to stop in each zone will be identified. The tuni
stops/locations (nodes) are picked to cover the @ilers who
live in this zone. Based on former statistics andeys, EVS’
users are very minorities; however, we will consithat in each
block there is a EV, figure (3). By this we ensune MCU
provides sufficient service in terms of geographidstance/
analysis.

BlockA 1

(o
o

Figure3. MCUs path and location

4.3 MCU Parametersand Constraints

To design the MCU model, parameters and constrais to

be firstly clear. The first step is to convert g@hematic layout
of the district into a measurable graph in whichaaea identify
the nodes and edges, source and target. Also rdkiel tcost
tacked to each edge, which is the cost of trawshfa node to
another via this edge has to be identified and tfiech For a

simple way of modelling, the layout is convertetbimn excel
sheet, figure (4). Nodes are the intersection poiRbads are
converted to segments, each segment starts andvétids

node. So in order to go from point A to B, | haveptss by
edge number 1. The travel cost is identified orhesdye, is the
number of cells edge 1 is occupying.
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Figure4. District graph showing nodes and edges

The figure’s colour scheme shows the four zones #med
greenery within the district. The district has 28das and 41
edges. The source is node A and the targets (shgotth
container), nodes Z or node Z3.

The constraints can be summarized as follows:

1. MCU has to pass though all zones, figure 2a;

2. The route can be taken by 2 MCU in parallel so
that the foru zones are served in 90 minutes in
total.( check figure 2a for MCU1 and MCU2);

3. MCU stays a period of time which is equivalent
to fully fast-charge a battery (45 minutes). The
unit charges 4 cars in parallel (arrival and
departure events);

4. The fourth slot/ electricity outlet is to be used b
other EVs’ drivers who live outside the zone;

5. The unit has to pass through the boundaries
indicated in figure 2b. The more the stop is
centred, the better service, the optimal the route.

4.1 Hypothetical Journey within a neighbour hood

All possible routes are calculated, which in ta@tad 10 possible
routes that meet the above constraints. The rcaredabled,
table 1, while the travel cost is calculated fachtesoute.

Table 1. Possible routes

Patential Possible Routes

1 5 5R VW WT

2 |AB JBC LG GH O OHMN MW ME SR RV WA WS A1 200 L?
2 |AB BF  FK KL LM M5 5T TX XIZ 7173 i)
4 4B BC G GF FK KL LM M5 5T TX a0
5 AR BC £G GH HMN MNT TX XT T5 SR 49
6 |AB BF FG GH HN MNMW M5 SR RV WW WY 57
7 MR BC LD NDH O HMN NT TS5 SR RV W& W7 51
A |AB BF  FK KL LM MN NT TX XZZ 7273 A
9 |nB BC {0 DH HMN NN M5 58 RV WW W1 57
13 |ne BC €6 GF FK KL LM MM NT TX EY YZ2 30

The table also shows very interesting outcomes,ctileured
edges in each column indicates the most common txddehe
10 routes used to go through to reach the targetul®®eshow
that theoretically, there are two possible shortestes to be
taken as both of them have the same cost. Howheenptimal
is the one that better serve the four zones asittitecan stop
just in the middle of the zones’ boundaries.
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Table 2a. Shortest routes Vs optimal route

Metricunits)

Metriciunits]

5. DISCUSSION AND FUTURE WORK

This paper aims at finding the winning strategies dharging
green mobility. Due to the global concern of the Cail
GHGs emissions, the world is shifting towards a réema
ecosystem where the roads emissions are kept teake EV
industry is a promising solution to solve this typisituation.
Charging patterns have been one of the crucial matteat
affect the market penetration and positioning amtiveg other
means of clean transportations. The paper presents
alternative way of charging EVs which makes theviserat the
users’ footsteps. The model is based on finding th
shortest/optimal path algorithm for a movable dinét provides
charging services for users.

Yet, the proposed approach is cost-prohibitive ttheebatteries-
swapping it provides. This is in addition to thevéee provider
fee (administrative charge to use the UCM). Howevhis
matter to be overcome with the roll out of intedlig
infrastructure, creation of innovative service msdend
changes in consumer behaviour. All these
transformations will shift the market towards thainstream
scale (Beeton, 2011). Future work is due by reseascto
develop MCU business model in order to have a deamlete
image of the feasibility study of MCU.
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