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Abstract: The contribution is dedicated to the processinghefproblems of the insufficient charging for #lectric

vehicles within the concrete urbanistic centreoribgs a different perspective on the mobility, @vhis shown in the
form of electric energy as the alternative for tremds of urbanization of the cities. It analysestebmobility, new
technologies in the field of electric vehicles ghd charging stations as the elements of the wsbarin terms of the
solution, the contribution is focused on the Kodiitg and the location of the public charging stasi. KoSice do not
have sufficient amount of the public charging siai and until the 2014 there was only one publerging station.
The contribution is focused on the designing ofpheking places with the charging station placedh@nappropriate
parking places. The resulting design is createth@énCAD system, it brings the view of the layouttoé charging
station at the shopping centre in the open spatténahe parking house.

1 Introduction By Saaty method is based on comparison 2 criterih e
This article follows the previous article titled Other- The evaluation of results is done by 9 diffe

“Analyse of electromobile charging stations for thérades (Table 1).
neeeds of urban projection” from thé Bsue 2015 [1].
The contribution is dedicated to the processinthef
problems of the insufficient charging for the etact
vehicles within the concrete urbanistic centrebrlhgs a
different perspective on the mobility, which is smoin
the form of electric energy as the alternativetfar needs 3
of urbanization of the cities. It analyses electobitity,

Table 1 Description of points scale, Saaty method
Points | Description
X
1 The criteria are equally importe
The first criterion is slightly significant the
the second criterion

The first criterion is quite significant than t

new technologies in the field of electric vehickewd the 5 o

charging stations as the elements of the urbanism. second criterion —

terms of the solution, the contribution is focusedthe 7 The first criterion is much significant than t
Kosice city and the location of the public chargin second criterion _
stations. 9 The first criterion is absolute significant th

the second criterion

2 Multi-criteria decision making as means

For the finer distinction can used values :
4,6,8

to sulution of charging stations allocation

and layout
In order to reduce number of suitable points for

Table 2 The total score in the whole matrix andntimg of

values in each columns, Saaty method

charging stations i this used a couple of indimectti- Ciiteria

criteria  decision making methods, specifically, the A B C D E
pairwise comparison method with allowed parity of

values of weighting criteria (MPP method) and Saaty A 1,001 9,00 7,00 509 500
method. Saaty method was used in order to verigy th B 011 ] 1,00f 0,33 029 014
previous method. Saaty method also gives more atur c 014 | 3,00f 1,000 029 011
values than in the case of MPP method. Each aiteve D 0,20 | 5,00 5,00, 1,00 5,00
been marked alphabetically, A - shopping centres, B E 0,20 | 7,001 9,000 0,20 1,00
pOSt Ofﬁces, C - the authorities, D - health care Sum 1,65 25,00 22,38 6,60 11,25

institutions, E - other major places.
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Table 3 Calculate new values of the matrix andwalton

of standardized weights for each criteri@aaty method

Criteria Standardized
A B C D E Sum .

Xi weights a
A 0,60 | 0,36| 0,31 0,7 0,44 2,48 0,496
B 0,07 | 0,04 0,01y 0,03 0,01 0,17 0,033
C 0,09 0,12| 0,04 0,03 0,01 0,29 0,058
D 0,12 | 0,201 0,22 0,19 0,44 1,14 0,228
E 0,12 | 0,28| 0,40, 0,03 0,09 0,92 0,185
Sum 1,00{ 1,00 1,00 1,00 1,00 5,00 1,00

The most important is criterion A. It is followed/ b
criteria D, E, C and B (Table 2, Table 3 [2]). Ugimulti-
criteria decision making, it is clear that the agprate
place for charging station layout is actually gbiog
centres. There are 43 shopping centres marked @n
map. Therefore, an additional criterion was usdarge
enough car parks - which had the effect on seleatio
sites for allocation. Considering that additiongtetion
in the city of KoSice there are just 16 large eroegr
parks. However, only 11 large enough car parkslkase
to the shopping centres. The remaining 5 car ptalks
within the criteria “other major places”. Pointstbhe map
(Figure 1) symbolize some of the five criteria, iéddal
criteria - large enough parking place, the corapaitc...
The decisive role point indicates the place of pt
midway between three or more points. It symbolithes
parking area with multiple parking spaces or amacgea

spaces for electric vehicles. Just large car phakee
priority while in early stages of building of charg
stations for electric vehicles.

With the growing number of electric vehicles on the
toad it will be necessary to extend the network of
charging stations. Due to the price, the classibatging
stations will prevail at the beginning. After theuhch of
the second phase of electromobility the demandsefsu
will lead to fast-charging stations with an outpti22kW
and charging time of around one hour or with apoubf
44kW and charging time about 30min. Building of
charging network in a several stages appears tanbe
ideal solution. Network building will be subjectéal the
result of a multi-criteria decision making. Masigan
should by adapt according to the multi-criteriaisien
making results. For newly constructed buildingshwit
adjacent car parks the charging stations will besimtered

where it would be possible to create several pgrkinn the phase of project.

Shopping centre

Post office
Department

Health centre

Other frequented
place

Centrobaric point
Charging station

Planned chargin
station L

Figure 1 Marked points, layout of charging

placesldiing for electric cars in Kosice [2]
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3 Project of parking places impact on according to the initial costs. How to decide? V¢hty
urban planning for the needs of use the particular charging technology? In order to
e 2 oy simplify the choosing between the classical and-fas
electromobility in Kos.lce - charging technology, indirect multi-criteria deoisi
The parts that are appropriate for the charginps® 1,5 ing “method was used, specifically the method of

were chosen with the help of aII_ocation. The alll'mrmis. .Cpairwise comparison with allowed equality of valuss
followed by the layout, which sets the specifi criteria weight

distribution of the stations throughout the towstdcts. . N
All 22 distri d for th ok Defined criteria:
fown distriots were used for the purposes A — initial costs - This criterion was chosen frome

work, which contained 5 criteria. Potential locasofor | ..<on The cost difference between classical asd f
cEargmg the electromobile V\ﬁre addef(z to theh mlt(;r charging station is quite big. The candidate oEeding
fS leplng rc}:en;res, polst offices, —offices, healthcagy parking area with electromobile parking placé
aciliies, other frequent locations. have to decide whether he buys one fast-chargat@ist

There was also applied one additional criterion 5. caveral classical charging stations.

adequate size of the parking area. According to the g _ effectivity / speed of charging — There is a

criteria, 137 pqtential points for the. chargingtistqas., difference between charging the vehicle for 4 toobirs
from which, with the help of multi-criteria decisio _ 4 20 t0 60 minutes

making methods (method of pairV\_/ise comparison_,ySaat C — usability (location of the parking place) — The
mhethod),therg werfe (;]hosehn 16 points, that _arakr?alfoerl charging station, which is located in a underground
the COﬂStI;cUCtI(l)ﬂ of t %.I(.: arg%? stations dm tﬁos arage will prevent the candidate from additiorcsts. It
phase of electromobility. € second = phase oes not need water-proof and dust-proof facilities
electromobility consists of the construction of the 5 _ charging time (available activities) — It is
charging infrastructure itself. important, that the owner of a electromobile hacesa
options of spending his “free” time during the ajiag.

Table 4 Positions, which are suitable for the cangion of the E — maintenance — Fast-charging station has higher

charging station in KoSice

maintenance costs that the classical.

Numbers | Positions
1 Aupark (Liberator’s squar . .
> Baumax (Moldavska rout 4  The First Level H_eadlng 12 pt, L_eft _
3 Hornbach(Moldavska route The purpose of des!gn of .th_e parking places is
2 Hypermarket Tesco (Trolejbusova stree standardlza}t_|on, which brujgs unifying of the cmcef
5 Kaufland (Popradska street electromobility and lowering of the costs, whiche ar
6 Kika (Mol davrs)ké —yry needed to construct the networks of charging statimt
- Letisko Ckalovova Siree only in KoSice. Before the realization of the paki
3 v ![ AC - \II<'Vt oda 1/ places project, it is necessary to notify SPP, \Ahfl the

etro ( mericka e ah' : telecommunications, whether the particular placettie
9 OC Cassovia (Pri Pracharn charging stations and the excavation works involded
10 OC Galéria (Toryska street not affect the projects of this companies on theiqaar
11 OC Optima (Moldavska stre | parking area. This parking area can be situatedaon
12 TechmE:ka UandeerItaVKOSICIaCh (Letné vacant area or in a parking house. The design was
13 Tesco (Napajadla 1 processed for both types.
14 U. S. Steel (Entry areal of U. S. St Parking places shall be designed with longitudinal,
15 Ice stadium of Ladislav Trojak (Nerudo diagonal or vertical queueing of vehicles (Figuye 2
street 12)

16 Z0O0 KosSice (Sirokéa 3.

Every point is specific. There are several factors
affecting every point, which all allow us to usegecific
type of charging technology. Inductive charging and
photovoltaic panels are a future vision in our dogn
There is a lack of charging stations in KoSice and
generally in the whole Slovakia. There are not ghou
classical and fast-charging stations. Therefore the
choosing was narrowed down to this two charging
technologies.

On some points, classical charging stations might b
inadequate. The fast-charging stations are notetked
all places. Classical charging stations can be erhos
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Figure 2 Parking places and their projection [3]

Outside parking areas create the base of suitable
places for the allocation and layout of the chaggin
stations in KoSice. From the 16 chosen places,f idem
is situated outside, 10 of those near shoppingegnthis
design is operating with the parking places for
electromobiles in front of shopping centres. Theaaior
parking places should be as close to the entramtleet

shopping centre as possible. It would be a befwfithe Figure 3 Location of two charging stations near Fesco
electromobile owner and the electromobility would b hypermarket

visualized and brought to the awareness of peopte a

potential customers. This allocation within the Kiag The excavation works will be done in thee complete

area is going to affect the costs, especially thgtscfor length of 6.6 m (the length between the station& &sm
the excavation works and used material. Accordinthé and the length between the stations and the bagilidii.8
preview of the design, the position of electromebil m). The cable will be places into sand lode andkethr
parking place was at the Tesco hypermarketith a foil. The whole length of the cables will bea 20
(Trolejbusova street 1) (Figure 3). The parkingcplavas m. The project of construction of the new parkinacps
designed near the entrance to the shopping cefiti. requires a planning permission. The documentatinth
second phase of electromobility,— the constructddn be verified in the construction proceedings. Frof 1
charging stations near the Tesco hypermarket cauittis places, that were chosen, two of them are situmteal
4 reserved parking places and 2 charging statéins [ parking house (Shopping Centre Aupark, Ice stadifim
Ladislav Trojak). The parking house in the shopping
centre Aupark is a frequent place situated near the
downtown. The location of the charging station bist
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place is important and has a strategic charactarding Fast-charging station Terra requires the area 80 X7
to the shopping in this shopping centre and thaokbke 1460 mm. This area can be calculated with theiolig

free parking for 3 hours, the vehicle can be chditggre method:

while the owner can do all the necessary thingsh@ - The size of the station is (H x W x T): 1900607

downtown. 525 mm,

The location of the parking places should be s#tdiat - the front side requires an extra space of 600 mm,
close to the escalator in the first undergroundrfiof the order to be able to access the panel from the fidet
shopping centre. It would bring the same benefitvls - left and right side require an extra space o® 60n,
the outside parking areas. The electromobility woé in order to be able to access the panel from theatel
visualized and brought to the awareness of peoptk aright side,

potential customers. The second phase of electritityob - the back size requires an extra space of 100 imm,
— the construction of charging stations near ttapgimg order to ensure the air circulation,
centre Aupark counts with 6 reserved parking places - the fast-charging station has the air entrancé¢hen

6 charging stations (Figure 4) [4]. The chargingtishs right side and the air exhaust on the back size.

will be connected by a 12 m long cable (which It is necessary to take the necessary precautions i
corresponds to the length of 5 parking places). @riee order to prevent things and weather conditions from
charging stations will be connected to the poweblocking the air circulation. Electrical installati has to
distribution box by a cable with a length of 20 m. be finished according to the electrotechnical sgcand
legal rules. The cable diameter (depending on éhgth

of the cable and the distance from the source)wtneof
installation is set by the supplier.

Conclusions
Space for the electric vehicles should be situated
closest to the entrance of the shopping centert @s i
possible. It would be a benefit for the owner oé th
electric vehicle and the electromobility would be
visualized by such a way and would be brought ® th
1 awareness of the people and potential customeris. Th
Figure 4 Location of charging stations in undergnagarage ~ allocation, within the parking place, will have timepact
of a shopping centre on the costs, concretely on the excavation workkthe
material used. The result of the project of thekioay
The parking place for charging electromobiles cstssi places is the standardization, which will unify the
of several elements (Figure 5). Classical chargiiagion conception of the electromobility and the reduanfghe
requires the area of 500 x 400 mm. This area can bests needed for construction of the charging stati

calculated with the following method: networks in the KoSice.
- the size of the charging station is (H x W x T360 Parking places for the electric vehicles were varia
x 300 x 200 mm, designed on the free spaces and in the parkingeBous
- 100 mm are required from every side. based on the analysis and there was designed gahphi

It is necessary to take the necessary precautionsdesign of the charging stations. The work brouglutizer
order to prevent things and weather conditions fromiew to the mobility, which is shown in the form thfe
blocking the air circulation. electric energy, analyses the electromobility, new
technologies in the field of the electric vehickesd the
charging stations, thereby it meets the goal torinf to
get the electromobility into the awareness of thidew
public. Based on the five criteria the appropriate
technology of charging was selected with the forfma o
classical charging station or fast-charging statiith the
help of the pairwise comparison method. The locatib
the charging stations was previewed with the forfma o
graphical design. The projecting of the locationtloé
charging stations designed within this article rigklp
- Power distribution box by the creation and projecting of the electromupitiot
“ERon In Wi wiing Hnes ) only in KoSice or Slovakia.

ging station

- Parking places
- Electric car

Figure 5 Design of the area for electromobile chagg
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