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NUTTAPOL CHARTSUK : A STUDY OF EFFECTS OF FAST
CHARGING ELECTRIC VEHICLES TO POWER DISTRIBUTION
SYSTEM: A CASE STUDY OF MUANG DISTRICT, NAKHON
RATCHASIMA PROVINCE. THESIS ADVISOR : ASST. PROF.

BOONRUENG MARUNGSRI, D. Eng., 217 PP.

ELECTRIC VEHICLE/ FAST CHARGING STATION/ FAST CHARGING

ELECTRIC VEHICLE/ POWER LOSSES/VOLTAGE DEVIATION INDEX

This thesis is a study of the effects of fast charging electric vehicles (EVs) to
the power distribution system (PDS): a case study of Muang district, Nakhon
Ratchasima province. Fast charging station is located in petrol stations, and the total
number of FCS station is 11 stations which are equal to petrol stations in Muang district
area. Electric power of FCSs stations is supplied from the PDS 8 feeders of Provincial
Electricity Authority. The number of EVs is estimated as 2,758 cars, based on the
increase in the number of new car registrations in 2012-2016 and the population of
Muang District. A study has’ divided into two cases; in case 1, numbers of EVs need a
battery recharge are 1,103 cars per day based on 40% of total EVs“and in case 2,
numbers of EVs'need a battery recharge are 2,206 cars per day’based on 80% of total
EVs. Then, the locations of EVs il Muang-District are randomized by using a Monte
Carlo (MC) technique. Those EVs are defined to select the nearest FCS for recharging.
The EVs travelling distance to the nearest FCS is approximately by using Artificial
Neural Network (ANN). After that, the optimal capacity of FCS, the optimal size of the
transformer and the total cost of FCS are determined. The effects of EVs charging to

PDS have studied for generate a profile of electrical energy consumption (EEC) by



considering a marque of EVs, the state of charge, the starting time of charging at FCS,
and the charging duration. The effect on the PDS has investigated by using a Newton-
Raphson method for power flow analysis. Furthermore, this thesis has proposed an idea
to mitigate the effects of EVs fast charging to PDS by installing capacitors for
enhancement of voltage level in PDS. A whale optimization algorithm has used to find
the optimal location and size of the capacitors and also a power control strategy to
manage the EVs charging has proposed by using Fuzzy Logic. By the simulation
results, it is found that the EEC of EVs affects severely on feeder No. 1, 3, and 6
compared to the other feeders. The peak load Has increased by 24.5 % on No. 1 and 6
feeders but has increased by 1.4% on the other feeders. The energy loss has increased
by 12.8% on No. 1, 3, and 6 feeders but has increased by 3.0% on the other feeders.
The voltage deviation has increased by 11.3% on No. 1, 3, and 6 feeders but has
incr‘eased by 1.6% on the other feedérs. The capacitors have used to enhance the voltage
level in PDS to mitigate the effects of fast charging EVs. The energy loss has decreased
by 9.1%, and the voltage deviation has reduced by 31.3%, but the peak load has not
decreased. Then, a strategy of managing the EVs charging has applied to reduce the
peak load¥n No.1 and 6 feéders because the peak load has more incr€ased compared
to the other feeders- By this method, the peak load has reducéd by 8.2%, but the
charging duration of EVis.has incfeased ) Fromthe study.results, the fast charging of
EVs has affected to the PDS by increased the voltage drop and the energy losses. The
enhancement of voltage level with capacitors and the power control strategy to manage

EV charging are an appropriate method to tackle those problems.
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() a1 2558-2560) [km] [kWh] [kWh] -
25% 93 80% [kWh]

Mitsbuishi i-MiEV 100 16 14.4 7.92
Smart Electric 110 17 15.3 8.42
Chevy Spark EV 130 20 18.0 9.90
BMW i3 130 22 19.8 10.89
Ford Focus EV 130 23 20.7 11.39
Fiat 500e 140 24 21.6 11.88
Leaf 24kWh 130 24 21.6 11.88
Leaf 30kWh 165 30 27.0 14.85
Kia Soul EV 150 30 27.0 14.85
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Mercedes BClassEV 170 36 324 17.82
VW eGolf 300 37 33.3 18.32
Tesla S 60 340 60 54.0 29.70
Tesla model 3 350 60 54.0 29.70
Tesla modelS80 450 80 72.0 39.60
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- Uszinnve e
AUTNUAN
Ni-Cd Ni-Mh Lead-Acid Li-ion Li-Polymer
ﬁqwﬁqqquﬁqgqu 45-80 60-120 30-50 110-160 100-130
91Qﬂ1§l%}q1u (501) 1500 300-500 200-300 500-1000 300-500
1791 Fast charge 1h 2-4h 8-16 h 2-4h 2-4h
Overcharge tolerance Moderate Low High Very low Low
Self-discharge per month (Room T) 20% 30% 5% 10% 10%
Cell voltage (Nominal) 125V 125V 2V 3.6V 3.6V
QUUHUNIINIIY (Discharge) -40-60°C | -20-60°C | -20-60°C | 20-60°C 0-60 °C
Typical battery cost (US$)* (7.2 V) 50 60 25 100 100
Cost per kWh (US$)* 11.00 18.50 8.5 24
Cost per cycle (US$) 0.04 0.12 0.10 0.14 0.29

‘Pi?»l"lﬂl‘l’i(ﬂ
{ o { o A PN o % 7
- ‘]JﬁglﬂVIGUE’NUf]_l@]L@]@%L‘]JHLL‘]JWW]@%@MIWTUQ’IJﬂﬁﬂ!?ﬁ’)?ﬂi ﬂ@NW’JL@]i’JﬁLLﬁ%Qﬂﬂﬁmﬂ?ﬁlﬁ/\l‘ﬂﬂ
[ o I (R @ o A A Yy a 1 2’,
- Wa\N"ILlil"IL'W"I$L']J°L!ﬂ"lﬂﬂ\‘lﬂ5$ll"lﬂﬂ]@\ﬁ/‘la\N"I‘Llﬁ]"ILW"ISGlIf’NLL'LI@]m@3&Wﬂiﬂf@1ﬂﬂﬂl‘ﬂ]u1!
. < a Ao w A YA 9 a 1 ¥
- Typlcal battery cost L’IJH5”Iﬂ?51]1EJTJaﬂlL‘LI@]m@iﬁ”lﬁi‘]JQ‘]Jﬂimﬁi’]ﬁ"lﬁllagiﬂﬂW@@"Ni’]\‘iwnuu

- PSANUI Cost/kWh = Typical cost / {(Capacity [mAh] x Voltage [V]) x No. of cycles) / 106}
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v v 1] Y
Tuganan 0 89 7, Wuteinszua lihnsiuazussdnliihnes o Wwivau dauluge 7, 8

1 i v
7, flugasiinsedulnihasiivazmseadszanszualiihnes 9 anas daiu mssailszy

TufhvesuaaesTusae 0 B 7, ugasladeauns (2.1) vazaumsi (2.2) wazgluuums

saszy lihuesnuamesdaFou losoulusie 7, 89 7, uaaslameaunsh (2.3) nazaums

11 (2.4) (Boribun et al., 2013)

3

i1

=
N

— e ———
= -
o 4.5 Fa 90
£ 40 — 7 80
S 45|/~ 70 3
= l Charge float voltage g
- © S'Oll / Charge capacity &0 ®
£ 100 25 l \ 50 §
S 8020 ,’ 40 8
E <
3 6015 / Charge current 30 3
% 40 10} # V Chargerate=1C {20
5 2005|2 . 10
0 0 0
05 10 15 20 25 3.0
Charge time (hr)
i i i
] (] ]
Constant current Constant voltage T

2.5 anbazmionlsea liihvewuaaesaison loaou (Boribun et al., 2013)

—t

v(t) =V, (L-e) 2.1)

it)=1, (2.2)

v(t) =V, (2.3)
-t

i(t)=1,e" (2.4)
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Taon usaauTvlihaeh 7 Ao useau I lumsldnussvesuuamesason losou Arnen
zuaz 7 ifluminsinaivesmssadszqussdulihnazdatlszanszua i uas
J Aaa ' A g o &
nazue W 7, 9zAve 9 anassunuamesaiFon looouedluaniuzusauanes Ay Aay
maslihvesuamesaieulessuluszninnszurumssalszy dhaunsomuaa'la
Mnaumsn (2.5) uazwasnu lihanmssalsey liiwewuaneiadou lossuaiuisn

' ldnnaunmsn (2.6)

—t

v @-e™)|  os<t<T,
t)=v(t)-it)=4 " "
PO =V -t T <t<T,

T
V,l.e"

(2.5

i + T
W = [w(t)dt = [V, Iy (1—e™ )dt+ [V, 1,e™ dt = KI, (2.6)

To T

anszua i ldnnms lsanudmsumseadsga liihvesuanesaFon losou

[ Y A ~ = AAa A
ﬁTﬂJTiﬂﬂTulmulﬂﬁ]”lﬂﬁiJﬂﬁﬂ 2.7) Tagh By, 19 ﬂ]WNﬂﬂlﬂﬁLLU@]L@]ﬂﬁﬁLﬁﬂiJll?)f)i’)u, kWh

By, x10° x3600

. = 2.7)

v
MseenuUVEMsUMs Wavesnszua IWihinualy Safety factor AU 25% Aariu

awnsoannunszud i ldauduine lvaa 18 Taeaunsa (2.8)
g =1,%x1.25 (2.3)
Taed 7, Ao nszua T lFauduiinalnan (A)

2222 ﬁﬂTugm@Q!LUﬁL@]@%ﬁﬂﬂu@ﬂw17\1’]
A = o A A ' A A
ﬁﬂ”lu8SU@\1Llll@]L@f’)iUf’)ﬂﬂ\1WaQQTU%WWTWLW@@@QGlULLU@W]@TVfﬁf’J

srgznnasaaun lavessooud i aunsalsadundnu Wi ndesmsoailse

9 v
v v )

9
H Y
Tdhinaoritioadszy Idih1a duiv aowgvewuamesaunsamuia ldasaunisae 11

(Hudna Wea, 2557)
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SOC = Drmax = Darive 100% (2.9)

max

Taofl  SOC  fo a0 uzURILAADS (%)
A A a 9 A A [ %
D,, Ao szeznugiganamsodunield ieaniuzuesuuanesminy 100%
(km)
- fie 5zeenalums YU (km)
wasnundeamsoadsyy luih Iiruuuames lusosud T aunsafiasanldnn
z:; [Y] Li' A 1 z:; [ g’./ [ A:I 9 1%
PUIAANUPVDIUAIADI AT NAINUTAeDg lULUAMDT A3tL WAIURRRINTOA ]
@ { o 4 g o
T g nusuaees lusosud IWduie 1% 1daauzvosuamesiauansasiuiu lann
aumsf (2.10) waznan 1glumsoalsey ldhamsosunaldnnaunsi @.11) dmsy

mae Iihvesisaisey lihnlinnandadsz g lavh 1vnouuames

Eev = Ecap — (Ecap ¥ SOC) (2.10)
E
tcharging - ?ev (2,1 1)

ev

Tao E,  donwasnuinessalizylwihlinunummeslusooud 1 Gwh)
E Ao YUIANNNYUDUUAIADS (KWh)

cap

t Ao a1l lumssadszy luih (ar)

charging

P Ao maslwihuewiioalszy lWihinlinind aow)

ev

szoznunansaTuITasud lihuannmnisoalsyy i Idduuuaeeslu

sooud Iihaansasuna ldannaumsi (2.12)
Toist = (Epc X EVC) + Dsoc (x 0 (2.12)

Tagh E,. o wasaunlasunnmsoalszy I (kwh)

EVC @0 m3u3 lnandaniuvedsoous v (km/kwh)
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iosdudmsumssarszy lilifuasdessameunsdiimsdmsusasud i e lums
é’@ﬂiﬁﬂﬂ#’\hﬁ’aaﬂ’jﬁzﬁuﬁ | uagIzduR 3 (5eauis) dunssatszy iz Taeld
used ge narlumsealszq litntes szoznalumssalssy Wihuegiusedu
ATV IUAABY (Lin etal, 2011) Tassafravosnssats £y lifvonia 3 52y dudns
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M3199 2.3 szAumsontlszy Il (Liu etal, 2011)
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¥iin seaumaa i
SERUT 12120 Ve 1.2-2.0 kW
FZAUN 2 : 208-240 V. 2.8-3.8 kW
FZAUN 2 : 208-240 V. 6-15 kW
FZAUN 3 :208-240 V. > 15-96 kW
52AUN 3 : DC Charging 600 V. > 15-240 kW

32O 2
wiiaaszq Tlhuwni$2 (AC Normal Charger)
e lumsdaszy i 2-3 aw.

3TAU 3
whaadanl sz q TtunEaun
(AC fast Charger)
malumssaszy lih: 30 wi
Funugaiiga

a Vv
aunszeslng

)

TnsaneamiisalszgihamSusesunllihiswnuiasamiiomlsz g il uddaei

LA 1+ 520U 2

+ AAN\)
i

¥ia8a1 e Ty (Normal Charger)
rarlumsoailszy i 8 wu.

Aunuiiga

517 2.6 Tnssieaniidadsey lihdmsusooud I lueuian
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M50 2.4 Tnuaueansonszy Wi (Veneriet al., 2012)

. Maa vl aszualvlih
Tviua® a1
[kW] [A]
1 <3.7 10-16 6-8 hr
3-4 hr (Single phase)
2 3.7-22 16-32
1-2 hr (Three phase)
3 >22 >32 20-30 min
4 >22 >32 <30 min

15197 2.4 Tnuadl 1 59 3 1 Jumssarsza ldhuuulndTaeld
nszuaiihady 1 ole dauTnuai 4 Funssarszy g Taeldnszualdihady 3 wa
uazInuad 4 Fumssadszy i ad Weesiteddounszua liihasu iy
nszua Irlihaseneusdatlsza lihunuiEa @ast charging) TaelHanlszuna 20 f9 30 u1i
dwiusad Tilioessarszy ihuumasion o 71 80% vesanuzvewumaes melunan
laitAiu 5 w1 58091 Ultra-fast charging A20619n1356ad529 Ieliuuniy i sadlviess
dmsuiionlszy liives cHAdeMO A wmuan1sonlsz lvivesnszualud lumu 125
A fiusasu Tl 500 v,

2232 yUnuuasweuseamisalszy lliiEadussuus e i

SnuazmaFendedarilsalszy v uszuusimiie T
nifoutlas Tihimhfiud asszduve s sdu i ldmue fuas essadlseq llfhdmsu
sooud llfhunazdszniinlfismssadszq ihitaaisadss g g Tasfigansess
ad lrlieeSimihindeunsadulrfnszuaadu s odu ldifinszuansaive'ld
Fouseduiasatsey Il luaniisadszy S wazienszua il lySuuanes u
sooudllihduaaslugf 2 afumsuanamadouseamiisalszy ihid afuszuy
SmheTlfhfiismau » sadssy i Sunuvenisalszy Tl luaaiisassy i
Frvuegiusnaumslfusnsvessasud lilih luaniisauszq i Taseatiafiugives
amiisatszy i3 wmsemaweuseanifisayssy llfudasussuus e llihdwans

Tugin 2.8
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szuusme T 22 kv

22 kV

nifoutlaa Inih

517 2.7 S 2 ailsey Ilihaesanriionise ﬂ"lﬂﬁ”m

_ o Taalldh
«wﬂ
e R
wumtﬂaﬂﬂﬂ?"“ 1 nitulaq v
(Stepup) I -*:_’: == (Step down)
= -
s N-ghvoﬂaoe
. “ Z)lHLY sooud v
] ] jI 49KW 3-AC 200V
a0t v ] '
wmuﬂm'l%l%
*Qutput 125 A 500 Vpc

717 2.8 Tassadefiugvesaniisalszy i miemsiFoudeaniiisauszy Tl

Auszuumiie Il @ninodumaluTatnszeewndisuls quimalulad

U
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224 anheuiluvesmstuisesudlilihazmandliusmsaniisalszg
Tnlihisa

sooud lliuduma TuTadlndignihulFauludiadseriudmsums

pumamums lsasuduuuinsessudduanlmely dwsudsemalng msldsosud i
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o 1 3 A A 9 =] aa o [ = a 9
ﬂq"lmﬂu‘nuauiumﬂmm ﬁ]ﬂvlllﬂJ"’IJ’E]llaVl'NﬁﬂG]’ﬁ'l‘ﬂi'ﬂﬂ'liﬂ‘L!‘Vlﬂﬂ15mu‘1ﬂ1\ul,ﬁ$ﬂ1§1°lf

Y

Y
Av A a

a A o <3 S YR a 9
vimsamiioalszy liisy audseineniinusi lddnsimsmunivesdldoumimuzan
AOYATLIZNNAIMTUNTAUNII59 (Shiau et al., 2010) FINVI 202NN 1FIUMSAUNS

9 =Y 3 d v o = .
Yo [eruwuzianyaziilunisnszaenuudanduend InuuFeoa (Negarestani et al.,

2016) aauaad lugunsn (2.13)
f (x) =(0.0296e7%9%°°*) x100%, x>0 (2.13)
{ 1 I ) o Aa 1
Tagh fry Ao aniniziluvesszegnnd wmiud ldeunivuz lunmsiaunisluuaas

MW (%)

x Ao szozmevesd [Fouwimuz dviuaumelunaaz u (km)

s U [%]

o

FIguAUDIUININAINUR

6 @ 2

Kb}

0 50 100 150 200 250 300 350
sreganlawn e ldeunmug sy [km]

=1 1 I ) o 9 a
g“lJ‘VI 2.9 ﬂ’JﬂJuW%L“}JWUEN38EJ$TIN?H‘H§‘UI}ﬁ‘ﬁﬁlWNWWﬁu%ﬂluﬂﬁLﬂLmN
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A J o o =S ] <3
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) @ 9 a 1 ) Yo A
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(Yunus et al., 2011)
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vesszu llihiduseendiu 3 szuudesiidfy Yade 11)i]

1. szuuwanmas Tvlih

szvpraamidelilih mneda 1591 Fedsznevdremieasudiald
T5a'lilfmdenii Tsesns lerh Tsesnsuuufaiunde s lihiinnded nazTsesnsle
iy udu madenldlse lWihdeaiarsaniadens o wu aamuiaden nwens uaz
s Whudy Taewa lufisfuusasu Ilihawssedu 11 kv 34 27 kv Taolddoutlaslilih

v o 9

fauimihinaousssuusadi i Tseliinlszneudod s 3 @ el

1.1 szuuwaanszua il Ysznoudae mduidads enseasaiu llfstmehinidy
Fanyunsosiuiia Tl useiu lilihiinaaoenineziduus sdn 1 3 wla Tasdaunali
(AU 20 KV WINWINNI1 20 kV 9gne lfinaduaseasnuIuai ez dInan001gn1s 991U
woq 15914l

1.2 e In T dudaniiiimhindennassduns du Tihiindanniaie
fuilalulih 1 getu udrdede ludiaari i iiediie Ina iiteananugadeluszun i
Falszneudae wilfeudas ihddwhudindasszauus sdu ldfhuazelnsalssuudeiu
vl

1.3 gauiimitiiidestunisduaseas maatugu i 18un msdestunses
Audla T ndewlaslvldhimas nadiadasesuanuaanseanieszun Tl anwawnse

a o w a o I
lumswaansemasmsnaagnivuailu kWh wie MWh

szyunanmad lylih syyvaaniga b szryvunomas vl

Gz 3§ e
O

6D om0
s §|% -

ndouilag 500 - 69 kV 68-22 kV
Tolhda

37 2.12 Taseaswwesszun Tdhimas
CTRE http://nongcom-electrical.blogspot.com/2014/10/blog-post_22.html, [WnaiieTuh

8/01/2561)
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2. szuvaemas v

Fuszuuiisundanlilihannszuunaadaa i Faaunsadandeam lldudy
szezmaii na 9 18 iflesnnszesmaninssuundaida llfhezedria lnasin Tnaaun Tae
Uszinalnedszdunsaiu Tiidaassdu 115 kv audaszdy 500 kv dufuszunda
faa il seen Iddad]

2.1 szuu llfhwnilefsve i Humedednhvmadaiui Tdwdwnaai Il
Tgednannil llimila mathyednmdenazassaouanuianiesvesszun T 18w

2.2 szuv i 188 u Wlumedsdnihgndsas iy luduausiuduats munzdmsy
~ 2

A~ A dy A v A 9 [ A 1 o [
ﬁﬂﬁﬂiuﬂﬂjﬂﬂfuﬂiawuﬂlmﬂﬂ Nﬂ’ﬂuﬁﬂﬂﬂ’liWﬁx‘l\ﬂquﬂ?’ﬂﬁﬂi’ﬂﬁ@qfl I UANTITUIINTNEN

mld hiazainuaziisimaeutdiags

yaarineranvesszuudetas W laun msderiumasldihonuvanaa luds

Al WA nsdeamas i lseudnatamsaie Tvaa mswenTeaszuudamas i

G U

'
[ a

i1 Fs
aenu MaiuaNudene 14 wazmsaaamguydeluszu Tl duiu szuudehasluih

Q

v [

13 5zau aase il
1. Tlsfwsaga (High Voltage) fseasaau v limu 300 kv
2. lvlilus sgamisry (Extra High Voltage) Hsgauusasuluvhaaua 300 kv-1,000 kv

3. 'lllu139g 989 (Ultra High Voltage) fiszauussau Ivldhaaua 765 kv yuly

3. szuudmie Tl
sz vuiisungaon fhiignadiananszuundaiida T Tasiussuuds
ise Il uonszremida Il g Tnanve 13 liih Taefidaudseneviiddy fe aardl
Il ussduus s T 1Al Il Tasgaudna sz uusimie ihiissdu
usesu lilihaseungquiionad i gugiuaznaogd dwsudssmenelidiu 115 kv
231 wivhsnunanvesszuu i lulszmalne
szun Il lulsemea lnefmisnuiivihwhivAaseulumsasie ey
3 viaguran 1aun
1. msldddrendaauvistszne Ine (Blectricity Generating Authority of
Thailand: EGAT) fvihiinaauazs e ihldduns Tlihuasvass msliihdaugine
wazd19 s esuawiinguunedinua sautdszimalndifes nisldiihendaus

Uszme Inetiszauusaau Ilihnnae 1dun 500 kv, 230 kV uag 115 kv
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2. mshfuasvana (Metropolitan Electricity Authority: MEA) U fﬁ‘ﬁ
W nsdmmssnnie il dsudld i Taedudsude liihonnslihihendn ua
Hudnaalihonundandsnunyudeuvinadn iesasmiiie Tl v
moluwangunnumiuasd aynsdsims wazuumjs ms duasnasadiszavussan Tl

N9 A9 115 KV, 69 kV, 24 kV, 400 V, t1ag 240 V

=1

3. s e augﬁmﬂ (Provincial Electricity Authority: PEA) Ui
W3 msdumssmie i 18 Tudld ihnanelurazmeventszima Taofugdiude
Thanmslilifhonde uazdnan lwihnnuraawdsnunyudouvinada msldd
plimafiseduus i IlihilFou fio 115KV, 69 kv, 33 kV, 22 KV, 400 V 113z 230 V

232 szdsvinasgruvesmslihaiugiog

szifloums llihdauginahdedemmuanssendeszuy Tasee T
WA 2559 1Tunssmuandninusisudl e IHquamlunisse ldihdmsudld i
Wl eglunaaiviasgiuvesms llfhaaugiinauazi sz vy Ididss dnsam
Uneasty uaziinnuniede ldvesszuy i Sesmuandninasimsfinsanmsaiuauszay

useau Il (ms Tldhaaugiinia, 2559) asae lail

M9 2.5 masgiuszauusau Tiihgagauazagavesns lihdiugiinig

(M3 llihaaugilinig, 2559)

FEAVUTIAY azlnd NMITPARY
AMgaga Aegn AMgaga Aega
115kV 120.7 109.2 126.5 103.5
33kV 34.7 313 36.3 29.7
22 kV 23.1 20.9 242 19.8
380V 418 342 418 342
220V 240 200 240 200
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szuuaiuauseaunssau ldduieldaeandosnuuinsgiusyay

v
o

useau dhgeganazagavosms lihdugiinadwuaasluaisied 2.5 dmsumsioanu
useau lihanuazussan liiRuvesszu Tl szuulihezdeslanrcsesnainszuy
T nvuevesussau i lundazmlavesszun Tihiiseenusngreiszyaiuas

uanaluaisnan 2.6

M9 2.6 szaznanfanrsesiionsaau T lueglusassau Iihiing

(ms Ilvdhaugiinig, 2559)

SERUNTIAY 2 YAITouAe 3LU1IA1AADT (5)
V <50% 0.30
50% <V <90% 2.00
90% <V < 110% usad i hauseie
110% <V <120% 1.00
V>120% 0.16

233 dszansamvwaziaslihgadevesndenlaslviih
nmsiauvesndentas i wewdasussau Tihuazsrenszualiih
1dnu Tnaa s liimaa lihgande delimsgapdeas Ilihaesndeudas i 2 dau

A o w =) 31/ Y a a a
fo maslihgaudeluvaaan (Cupper losses) HaniauvaaInlgugiinazvaaranaegi

v
=

v 9
uazmde Ihgan@eRuntuman (Core losses) aariu maellihigadolundonalaslvih

U g

uazilszansnmveanteuladviemansamuna ldaweaunsn (2.14) tazaumsn (2.15)

AUAIAY
Boss = Feore £ RS (2.14)
P
™ RO x100% ;PTR,in = PTR,out + Ploss (215)
TR,in
Tagh p,, Ao hasldihigydelumfoudaslaih (w)
A o w a A <3
p,. fomadlihgy@enunuman w
p,  fomadlihgy@eluvaain (w)
Py A0 Maallihvidhvesnstoutlas I (w)
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A o w

P A0 a4 Ihveenvesntoutlas I (w)

P

n fe dszAnsamvesoutaslih o)
234  msibgavuveansaau i
~ o Y d = ) A A
maDeuvuvodusaau liwaadldimiuge anuiuaaazanuirodouss
Y ) '
seuusmie i wiedlud¥iagaammsne i luszous e Wi Famsdeany
wousau i luszuusmihe Mo unainldifan e Iau 18 amsdeuuuass

usaau Il (Vidyasagar et al., 2016) @nsasivia lavinaun1sn (2.16)

b ‘Vrated 7Vp‘
vDl = > L P (2.16)
pz=1 Vrated

Y

Taot vpI Ao smmsiDeuuuuaa g lulih

v ae useau Ilihamvualuszuus el p.u)
4 Ao usadu i Tvua p Jszvusmie i

P
A o

Nb Ao 1w Tnualuszuusimiie Tl

235 msgpszaunssaulihiegaaaudivilszy
et Tianvesszuusinie T unndu v ldus sl lusz vy
SelWhanas dufe Tvuaiii Tnaaun i ldussdu i Tnuaifuanas Sedeeldem
dufuilszgdertii Tnuaduiaaalugdil 2.3 itesnseduus eIl #gaiu ifeaninga
@Tmﬁnﬂizi;llwﬂwﬁm%ﬁmﬁaur‘i’uu,ﬂ‘%mﬁnﬁﬂ‘h/\l#’hﬁi]'wf‘hé'ﬂvxlﬂﬁuaﬂﬁw (Fuand aana

ana, 2547)

szuusme i |
L

51/ 2.13 szpudmie i idegedunulszyiiTvua
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v g {1 § o ]
gagunuilszanaeni Tnuavesszuusmie v a1 luanil Tish
[ A VoA [ A o 49! (5] Y o 1
goorsonoid 1 TaoaouuUn1IHIDFINT VUGN UANUADINTVBITZUUTIMUE Tolh
A 4 Y s =
vieyalszasavesmsuAtynl 1995 aUYavesTTULLazINMes lnozunsuudaslugzli

2.14

Xh R Le
— WA [
jIXth
Ew Vi IR
V, = -IX,
(M) NWITANYAVDITEUY (V) nnaes laozunsy

A P2
Qﬁj‘]J‘VI 2.14 ’Ni}iﬁw’ammiz‘ummznﬂmaﬂmmmm

gt 2.14 azdin 1@ de Lifinsdeyadufiviss g Tnualuszuy
ST usedu T Tnuaziiiy £, uazilelimsseyadafiulse udrii Tnualy
szuusie il nodh usedu i Truasid v, Sedivwannn £,

wonvnglumsonseaunseau Tl luszunsinie Tl dsemnse
Frvaamds iihgdeluszuusmielii desnnmsaanedaiiuyszg uszunsimine
Talfndiuss s dfuljemidadszneuiide i luszuus e Tl g gedu i1
Uszansamivesmsie Tl wesszuus e lufhda (ms lWfuasians, 2018)

23.6 madlihgadaluszuudimneIvih

wonvinmsideuunvewseau Il dmsgadevossida i luszuy

Siie IR Huss Sagunimmssie Il lusz vusimie i fd llfhgade
oo o

awnsadnu ldnnaunsi 2.17) Taslimduiszansmsgadoiias i (Shukla et al.,

2010) Aquaad luaunIsn (2.18) agaun1sn (2.19)

Nb Nb

PLoss ZZZ[ajk (Pj P +Qij)+,3jk (Pij - PQ )] (2.17)

i=1k=1
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r.
oy = Ik cos(s; — ) (2.18)
jVk
B :isin(& ~5) (2.19)
J VJVk J
Tagl ¥, Ao U5 U Inua j (p.u.)
v, A9 115IAUN 11UA & (p.u.)
P, fe masliihiesanTnuej Gw)
p,  fe maalvihasein Tnua & kW)
0, An Mas Il sueaini Tvua j (kvar)
0, Ao maalilsueannn Ivua k (kvar)

A9 MANUAIUMUYBIEIBE 5219 Tvuaf j uag & (p.u.)

24 msmmuadnouaniisalszglilifusduvait

szvudinie i dnteudadihdmfviminaassduus adu T I8y
usasuliihauitesie Tl Ty anfigadse e 3alaseadreitugiuvesaniismlzyg
Tihdadeusoiussuusmie iihdsilduand 13 lugadii 2.8 memswauaaniisn
sz i lumaiiiiausadnoa idnndad e simausnoud lifanua e

A A o

4 1 1 H v
Wuiresusaeud lihinaiganasasailsey Wi lunilsaaiiisadsza ISl

v b
=1 [ Y o

[ = < dy A o v A
Wity aniu rwauaatioadszy G luvanuiawnsomuan ldanaunsi (2.20)

(Phonrattanasak et al., 2012)

N AX Pyensity % Pev (2.20)

station —

Nhr,station e Ncharger g Ncharging

Tasii N, fo swanamiisadszelliida
A 79 VAR (k)
Py 10 ANUHUMUNYB5EHINT (AU/Km')
P, o fadnvessusasud llihaesnlszanns Tuituil @)
Ny s 710 ﬂ"mauﬂ?ﬂmmﬂﬁ’u‘%msmmﬁa1ﬁéj"ﬂﬂszfgllwﬁ1ﬁﬂuﬁﬁﬁu
N 718 S103mv00512801) 529 Tl luaeniidailszq Tuihisy
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v H v v
N Ao nuasinaunsalduImsluniisdn Tusvesioadsyy v

charging

Tumstsziiu Tnaavessooud i luszuus e lliudosdu nuut dfinsan
mzanudesns i luns@lveamasalszy Wihswesunnes lusaoud il s
10 s whoniy sufludesdimda i 100 kw x 10 = 1 Mw (g lthiudesmsida lalith
qegalszinm 100 kW desudmsumssadszy luliis ) wiefinsaaieasudialuli 1
@ Faluua 500 MW d1sosessumssatszy i vesuanes lusasudlrh1d
Suaru TR 500 MW/100 kW * 0.8 (Safety factor) = 4,000 AU 1UBIWIDUABINU Fari
mswes on Tiuiesessumsvinedvesns g sooud lliududansuiuidesnamuas

a

Ansadlusududy q duszuudu q Ameades Wy syuudasida Wi szuusimiie
a1 ensaaun lunden o Sumaiintuvessmans 19 Wih1d eineds
maluladwszremnarsuls gudmalulad Tanguaz faquuana, 2558)

fegumssatszy lfhvessada i udun1dlussuusimhe llihdaas
Tugzalfi 2.15 wazgalii 2.16 Humsuaasunuinsvesadniisnszq Il idoudeduszuy
Smhelihuazresauyavesaariisadszq i iendesussuus e Tiiuiesa
Uszq IR T usara i (Boribun etal, 2013) muddy 110314 2.16 299 auyaves
aoiigasz ihiigeudetuszunsimie lfhamsouaasms Tnavesnszua il e
sovaTiheaiszy Iihiaaniisaszy ihfiFendesuszuns e i Fuaasld
Tasaumsi .21 uazusdu Il luszuusmsheldfhomesalszq Idfh g Tusatia

TihansonaasldTasaunsn 2.22) uazaumsi (2.23)

* *

P + 10 Poag + 1Q
|S = Iload + Iebus :[ ebus VCh ebusj +( load VCh load J (2_21)
Ve =Vs =(Ro + X)) s (2.22)
. Pous + 1Q ’ Poag +JQ ’
V. =V. —(R. + iX ebus ebus + load load
o =Vs—(Rs+] s)( V. j [ v (2.23)
Tagh 1 fAe nyzua s (A)

L. e nyzua i lualdnuTvaa (A)
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Qload
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do nszualildhitlnalidiusartaldldh (a)

do useduTihigeda (v)

fie usadu llihidnmaegivewnsteutas i (v)

fe duiiuaudveandoutlaslvih )

An Mae lihes e Tnaaluszyusmuie Ivih w)

Ae Mas Il Bueaiviveslnanluszuusmie I (kvar)

Ao maa I3 sveadTnaasaria Wi luszousimie Twdh aow)

An maa Iz ueannvesTnaasaia i luszuusmie Iih (kvar)

22kV

Power Converter

Sbase = Pbase + jQbase

dotoalszg Ll

517 2.15 uwursmsomlszq Il s ot vl

l Lebus
v @) Iloadl Sioad l|:| Sebus

311 2.16 2vsauyavesamiionlszy lilhidouaeszuy Tvih iWesalszq I Idhu
sofa Tl
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. . . o .
NAUNITN (2.21) DIauN1sN 2.23) Wuaunsuaainis lvaveadiaslnid &9
Y v Y am o o w a =

annsountym 1ddredsmsmuaums lvavesiias Idihuaz eunsaeduedawanseny

1inmsoalszy lihvessora Wi luszuudmine i

1 Y1 a A F4 a o | IS
2.5 ﬂﬂ‘lﬁnﬂ‘ﬂ!ﬂﬂ'J°lli’)x‘l11~!ﬂ"l5W*i)"Iﬁilﬂﬂﬂlu"lﬂ!!ﬁ%ﬂﬂlﬂux‘ﬂli’)\‘lﬁﬂ1uﬂﬂﬂ§$§

TiisadmSusesua inih

251 mlsnglumsiacnamiionlszgluluia
a e lumsianaaiiisadszy ihiEseneudae 2 aaundn q ldun
Sunuvesginsal luaaiisadszy S wasdunudmsumagiiau duguvesetnsal
lugofisarszy lliiEuediuvnavesamiisalszq Inida mde Ilihildnuvesis

1 9
galszq Tl nazdrnuiidalszy Iihadads (v, Tuaaiiisalszylddusa vas

Y ) [ 1 Aa 2 K% I A v o @ { <
AunudmsumannauIuegnuvnanuhvesiioalsey dhawaaalugdi 2.17 ums

U

¥ H
v 9 [

o @ < A o 4 {
uaasdimITaiundiniuaniiionlsygluiisa aoriidaszy IrlihiEdealdnun 4.9 x

2

[

) 9
2.75 m aoviadalszy 1l (Mayfield et al., 2012) 1uAToAninus Hauydldvuia

(V)]

9 7 =2

uidmsuniloisalszg Wi uminy 25 m* (Sadeghi-Barzani et al., 2014) tazdunud MU

=D

Vo Aa = 3 ) ] a2 o g}J 1 1
manauvesaniisalszy luihEimvualiiiiluszezina 53 daiu arldielums
@ o <3 ) ! g . .
wannaaiiioadsey Tl adiansadiuan ldnnaunisae 1ail (Sadeghi-Barzani et al.,

2014)

DC = Cipitia) + (AXCjgpg x Ncharger)

(2.24)
+(PC 2 Ccharger X (Ncharger _1))

o Mlgnelumswannaniiioalszy G (%)

jmJ))3

Taen DC

o

ald

)3
e

initial

A

Teaefvesanitioalsey i (s)

v
9 o =

undmsuniiaisalsey i (m?)

)3
e}
=

U1

®
ke =Dhe

v
1 =

9 ANFINUNA M VUTZo2Ia1 51 ($/m”)

)3

Cland
pc o mashlihldauvesisalsey il aow)

C

charger

N,

charger

Ao mldaelumsiamuniasadsey i saw)

Ao Taurisalszy I luaniisalszqy i
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3= =4
New concrete 5 S ~'g
e O
© LN
S g
N E ©
. % _]
~ O
Curb
overhang

49m

2.75m —\4(;9_1.5 m

Y 1
A A o 12

5141 2.17 AamsdauidmSuaniiidaszy 152 (Mayfield et al., 2012)

A v

a1 lFiensivesaniloadszy s ailua 199 emerduginsal A

o 1Y d' o [y a g’/ =Y < [ 1 dy A A dg! Y] a

111395081 8u 9 dwmsumsaaasaniiioalszq lvdiEs ausnunisimanediuanug
'Q [ d' [ ] 1 @ v @ I~ [ [

yoesnaulunaazaouna g veuiies mldsielumswmuiiioalszy ldduiluarldee

[ v

Y
Yuagrumas lWihldnuvesiidadszy Wi nazauavesaniiisaiszy i so)

aansamuna laeuauniaae lli
SC = PCxNyyger ~ [kW] (2.25)

252 al¥nedwmSumedssmanalviih

aldedmsumodasimie i ldfaeiisadszy Iiugduegiu
mldaovosee iuilodsus arldiovesmelimilodsusuedfuvinavesnszualulih
T¥auduidalvas uazszeznesennaoiisadszy IWihEwazanillwihdessuis
maTuTadf 1 lumsdesimize T datu dalumsiad 2.7 Sunsuaasuiaaieneaas
ﬁ’mu’;umaﬂgﬁiwamwﬁﬁu g1 90 °C yaussau 1 600 v guinigiilagson
40 °C (@mfumsiauaesluoine) vesae IlmiloAsuzigunsonudemnszua 114
auRdifaTnan Tasaldsodmsume llmiledsveiulaiFuvesiuiinmidaves

e llmilefsuzanusamuia lannaunsaaae 113 (Rajabi-Ghahnavieh et al., 2017)
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AC =8000+65.7CS (2.26)
Tagh 4c  do s lgmennansaniunuindaveses lmilofsye ($/km)
cs e nunmhaavesae Imiiodsyy (mm?)

alFedmsumedesiming fhvesaarfisalszy s (20) anse

A laannaunsasas il
EC = ACxLxNgharger (2.27)

Tagh L Ao Anwenvesae limiledsuznnantisalszy s 1 Tnuaves

a1l I (km)

A 9 2 = A
ATNN 2.7 51]‘11!1@ﬂimlﬁﬂl@ﬂﬁ1ﬂ‘ﬂ@ﬂLL@QHM%U’JUﬂi@ﬁﬁQﬂIWﬁLfl‘ﬂ‘ﬂau

J3zans Wnewnnd, 2548)

fufmida (mm’) 2.5 4 6 10 16 25 35 50
wnanszua i (A) 36 47 60 82 110 148 184 224
fufinthda (mm’) 70 95 120 150 185 240 300 400
wnanszuallih (o) | 286 356 417 481 559 672 782 921

253 amliselumsdumavesdlisasunlulih
Y
al¥nelumsaunivesdlisooud iihiuediussoznisvessosud Il
wndeu lildiamtisaszy IS lndigaiiesadssyti i s uunaeei lusosud

9
Tl @i arldielunisimuniavesdldsaeud Il auisadiuaaldvinaunis

aego Tl
EVL =Ty, xEPx AEVC x D (2.28)
Taof Eve  fe mldselumsidumavesdldsooud lwih $)
A o [ g‘/ =
T, o smaniuiiueluszezinat 57
EP  do 517l ($/kWh)
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AEVC fo aunasvoimsus lnanasanu Indhuessoeud Wi (cWh/km)

D fo szezmalumsidunsvessosud i ldsanisndszq 15 (km)

254 alisefidannmsgadsvesdinulliluszuusimhe il
mssatszy S rvessooudldfudumsiin Inaaldfussuusimine
ih s naunissarsz Tl fiitun iy ldE nasvnalnaiuluszunsimine
T AelifiRanansznuaessvus el FedemaldmsgapdondsnuTiuiuun
o 2

g = o o d' a %
Ju dariu magapdomidslviiiinannnisoadszy Iiduivessaoud Wi lusz vy

she lihannsasioa ldnnaumsi (2.29)
APL =TPL-GPL (2.29)

Tagit 4P fe g liihgudeiidannnmssadsze liihis1vessnsud i luszuy
smaine Il (ow)
L e s lilihgudeiiiatuietnssayszy i 1 usaeud i
(kW)

GrL e maslilihgay@odio lifimssasyy I l¥iusooud Inldh cw)
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msgapdondsau ldnmuinluszouiuie lihnmssadszy I
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FalRrusooud Iihiuegiunaiiliusmssadszy Idihldsusooud Ifhvesanriisa
Y
Uszy lihida dniu narlumslduimsdadsey lihldiusooud lihwesaari Wi Tag

auaniisalszy llihEensadnnaldnnaunsi 2.30)

_TEV t

| Al 2.30
TC 60 (2:30

Taoii & fe nanlumslfusmssadssy ihdaldiusasus i (o)
TEV o snuvessosud ifiiomuafisadszy i faoiisadssy iy
c Ao Twwvewisalszy i luaniisadsyy Inihisa
t fio nafilFlumssarssy TS 18 usaeud i and)
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Ay msgapdewasau dhimuaiuluszuuiwie ldhanmssailsey

T2 19 usoeua Ihaansamualdannaunisn 2.31)
AEL = APL x H 2.31)

Taof 4EL  fe wasnu lWihgadeainmssadszy Wi Idsusaoud i luszou

e Talih (kwh)

H H ' 4
aldieninannmsgadenasau Iildhamuvuluszsuusimie Idhen
mseadszy i ¥ dusooud llihdwmfuszeznat 51 ELO) ansadiuaalann

aumsi (2.32)

ELC = AELxEPxT,,, (2.32)

as v A o
2.6 AMsUszainasIn Nyl

(2 ]

M31)32¥199NWFeU (Confidence interval) (D353 1Fmanan 1dandreera
' A 4 I A o a A I @
lihlszmnasmnimes emdeasinerdumaimes Taslsismslsznailudnvae
@ ' J A T w1 < 9 A <
Ay 15y sz inasueslszang dsznamdadivvosdszans udu vselu
nszuaumslumsdszanun lasiihduay aadanlannngudasdis lldszanamaisig
§y ¢ ' § ¢ oA ' a ' <3|
AN TaosennuFeniu vinode ¥ soUAqUAYINITTneS aaoanutziy
A o ' @ A o [ A v o 4
AMNMLA T T2AUANNIF0IU 90% Vo9uuIANaIIURdeIn1soallazy Tnihvessooud
! 3 ] l U i o o '
Tldhneortidasey lddus0g521a19 20 D9 40 kWh itedalszg llih Idnunumaes lu
{ @ < 1 @ {1
sogud lihnandidatlszy bldnE ) wineannyirfiaawdule 90% Aevesnsilszu
v { o { v < 1 1
yandsunasamsoalszy Tuihvessasua Tdihnaaiticadsgy lihisregsznang 20
94 40 kwh Fanseunguumanasnu liihidesnmssalszy Iidhvessaoud i laomae
@ ] o Y } v o [
vof15neud Il luaoriidalsz g liihisa Taema lseauanureiuimualdminy

0.9, 0.95 ¥3® 0.99 (Patrick Murphy, 2008)
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HIAANUFIUYDITIINITINT 03T
F2ANUFDUY TAsNTANVOUIUAMIFALAS VR UIUAGIZAAIANNITN (2.33) (58N
Two-sided confidence interval @1W150U8N Tomananaveslszansvzegneluvenwala

MINENMST (2.34) (Rand Audn, 2018)
I<u<u (2.33)

Pl<su<u)=1l-«a (2.34)

Tagh 1 Ap VoUIUAR A
u Ao VOULUAFITA
A A
a Ao MANLBN

< 9 a 1

{ 1 a a 1 4
aNuFsaluMINeInIaliMIAANaIN £ N1THITUIAINNUTDNUADINIITUIA
a v o 2 A s 2 A & J g .
ANMUITEIA28 A91U 100(1- ¢ )% Ao 1o 1 FUAAIINT DY UBNIINTEI One-sided
confidence interval 1@ 1if Lower-confidence interval 81413 DUAAI LAMUAUNITN (2.35) LAY

Upper-confidence interval ansavaad ldmueaunsn (2.36)
I <u (2.35)
H=U (2.36)
A = ' . @ g’/ ' A J
INAUNIIN (2.36) 138N Upper-confidence interval @IHU-A1 100(1- & )% AD A1NIY
4 o a 4 4 a o (Y ] {a ]
103 UVBINIT NS U 11981999MITNILIAIVDIAIAIBE1NTAINALATAINITNTLY

Y o2 /n a2 le

7= XZH (2.37)

n Ao IuuTznIAee

=).
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Aa o d' I a d'd 1
msuanuanuvlnaaaalugli 2.18 Wumsnsznesuuulndmnasgunina o
v ) v
15909 1UNTAUNNT Two-sided confidence interval #4111 T IWITDVBN ToNMANAINAVDI

Uszrnsazegmeluvouualdanaunisi (2.38)

ai2 cl?2
e T i T e 'y SN e ¥ N TN ' S e ¥y SO e N o SN e 'y S e S ¥y B

19 2.18 m3nszmenuvURANIATEIM (RADe FuAIT), 2018)

P(~2gp<2<7,,)=1-a (2.38)
deunuminga ) 9314
P(-z,,, < __—# =7,,,) =l (2.39)
O'/\/ﬁ
uazdsagunugums v ag'1d
P(Y—za,z7\/ﬁs;zsf+za,z7\/ﬁ):l—a (2.40)

Slwgl.rl

{ ' J 3 o 4 o '
lunsaifignsoszym 0 18 aaiu awdefiduannuideiuvesnn 4 amson

Tannaumsn 2.41)

X -2, %/ﬁs UK 42, 7Jﬁ=100(1—a)% (2.41)
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AU F1ANUTeNUVeINgNLsEIINTAE1vLIA Ina d 1S uA I AsYeIN Y
Uszing Tasaunisnalvesrreanudeuuans laasaunish (2.42) (Patrick Murphy,
2008)

Confidence Interval = (2.42)

x+(z-2)
Jn
d‘ (% zﬂl < d' o 1A Yo 1 dy
Taof szAUANUFRIUARMTUAAINGA (2) @nTouaad laaeae 11l
FEAUAMMF0IU 99% 22 1@ A1INGA (2) 1A 2.58
FEAUANMFOIU 95% 92 1A A1INGA (2) 1A 1.96

FEAUAMMFOIU 90% 22 18 A1INGA (2) 1A 1.645

4 I @ 1 19 1 g 1 ' o Y
iWeen 2 ilulsznnsarediuaz luga o ieldieaenmsmiuiuainisold
9y
auMIasno il

Confidence Interval = (2.43)

;i(Z%)

Tagnaunas ( X ) tazaanunlslsiu () ansasna ldmuaunisn (2.44) uag (2.45)

AN

— 1 n

X = ngi (2.44)

s? = ﬁzn“(xi - X)? (2.45)
i=1

1 ' a 4 o ]
Taon X, Ao MW A0T91NU T2 INTAIDE1S
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o d a d
2.7 mﬁmamaﬂmmimsmuuauﬂmﬂa
a @ < a & o A ) 1 )
wouam s lalluuudanuguluszuumstassndiznouals anuizitluuag
I a @ 1 [ a3 % [
Wuwmaiansadudoyalasnisldanavguuazanuitnziluazay dnavguoiralann
[ a 4 + I 9 1 [l I I [} I
Mavgy Tdsunsuasuinauned gnian Wuau annuiiasiuasauiuanuuinzilu
9 A v v Ay aa
AzauvoIToYadeIN1T19 1AnINN1TNAaerI o ToyaNNana
Jd
WanFumsuanuaaanuiazitly
1% [ I @ ~ Y 1] AA o [} I
aulsgu x Wuanlsnlsaunmziuanudnmyrua Tasnisuanuaannuuingilu
1 I~ 1 [ 1 dy
mMsuanuaea Nz duneld 2 uuy (Vujic, 2018) asae l1il
] [~ 1 4
1. MILINLAIANNUITHIUABIled P{a < x <b}
J o [ 1 I~ ] 4 o 1
WanFuanuruinduveInNuzduuuuaeoiiosasonaad laaeaun1n

(2.46) Daaumsh (2.48) uazadaslugilin 2.19

f(x), f()dx=P{x<x'<x+dx} (2.46)
0< f(x), j f(x)dx =1 (2.47)

b
Pr obability{a < x < b} = j f (x)dx (2.48)

r‘
" j \
yas .
X —

A Y ] ] I 1 d‘j .
E']J‘V] 2.19 WINFUANUHUILU UV NN U U UAoIBY (Vujic, 2013)
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Jd o ] I 1 4 [ §
ﬂ\iﬂ‘lﬂ!ﬂ13!.!fﬂﬂ!.!fﬂQﬁ$ﬁ'ﬂJell’éJ\1ﬂ’JHJ‘LJ1ﬂ$!.‘IJ‘LJL!UUﬁ@Lﬁ@\iﬁ1M1iﬂllﬁﬂﬂqﬁjﬂW]flfmﬂﬁﬁ

(2.49) Daaumsh (2.51) wazasaalugii 2.20

X

F(x) = f f(x)dx'=P{x'<x} 0<F(x) <1 (2.49)
0<d L EM = (%) (2.50)
dx
b
qu)wEﬂ%a£x£M:Fﬂn—F@) (2.51)
M-S~~~ » ~

X —

= Jd o [l 3 A ..
gﬂ‘ifl 2.20 WNTUNITHINUAIALANVOIANNUIZ UV UABL LB (Vujic, 2018)

] I 1 4
2. amspanuasnnuuzilunuy lietiog Pix=x}=p,
) [} ] I [ 4 [ {
171&ﬂ%ummwumuummmmm%nJmmﬂmmﬁmmmm!,mmllﬁlmﬁumiﬁ

(2.52) Deauman (2.54) wagaauaaslugiin 2.21

f(x), f(x)=po(x=x%) (2.52)
0< f(x) (2.53)

z f(x)(Ax)=1 or z p =1 (2.54)
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P3

P2

Xy X2 X3

A d v 1 1 I [ A ..
qﬁl'ﬂ‘ﬂ 2.21 ﬁm%ummﬁumuummmmuwzLﬂmmuulm@mm (Vujic, 2018)

Jd v ] I [ 4 @ {
‘1/1@ﬂ“]fufﬂill%ﬂll%ﬂﬁ%ﬁu‘lJ@Qﬂ’NlliJ”lﬁ]zL‘]Jull']J’Ullll@]@LﬁﬂﬂﬁWnWiﬂL!ﬁﬂﬂqﬁ}ﬂﬁﬁiJfﬂiﬁ

(2.55) uazaumsn (2.56) vazauaadlugin 2.22

FO)=D p =D, FO0)A 0< f(x) (2.55)
X <X X <X
0<FX)<10< f(x) (2.56)
F(x)
P1tPotP3 {-——--———1 — N 1
Pi¥P2f-~-=~-
54—
X X2 X3 \

A Jd o 1 I [ A ..
gﬂ‘ﬂ 2.22 1/1\1ﬂ‘lﬂ!ﬂﬁl!ﬁ]ﬂL!ﬁNﬁm’fﬂJﬂl@ﬁﬂ’ﬂlluﬁwL‘IJMLL‘]J‘IJ%JG]’E]LH?N (Vyjic, 2018)

msgualedsnnmsunuaanuy liaeiiosnivua

Amuald foq)=p way D =1 ,i=12..N dwaailuzdn 223 uag 0<£<1
i
k-1 k

U&7 P(x=x)=p =P(Eed,) 130 Y. p<E<
i=1 i=1
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0 P1  P1*P2  p1+p2tp;3 p1tp2t...+pN=1
I I I I I

~ ] < [N A ..
307 2.23 Mmaanuasazanvesnnuiaziunuy liaeiiios (Vujic, 2018)
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A(x)Ax =q(SAE=AE = (& +AS) — & = F(x+Ax) - F(X)
q(x) =[F(x+Ax) - F(x)]/ Ax = f (X)
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v v Y
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n=5; % $1ms0sud 11
fori=1:n
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end
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X(t+1) = X zog — A-D (2.58)

Taeil 4 taz C Ao namesmaulszansnuaaslaeauniin (2.59) uazaunin (2.60)

A=2ar-a (2.59)
C=2r (2.60)
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Hap (U) = paors (U) = max{ua (U), g (U)} (2.72)
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MSIHINY (Fuzzy Inference)
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NM NB NB NB NM PS PM PB
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If e is PS AND ce is NS
OR If e is PS AND ce is Z
Then u is PS
If e is PM AND ce is NS
OR Ifeis PM AND ceis Z
Then u is PM
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Lpg (U) = max[min(zzps (€), iys (€8)), Min(zps (8), 47 (ce))]
MM (2.75) 2214
Hpg (U) =max[min(0.7,0.6), min(0.7,0.3)]

Hps (U) =max[0.6,0.3] = 0.6

(2.75)

(2.76)
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Lag
Hiong (U) = MaXMin(izp (6), ixs (€€)), Min(usps (€), 7 (ce))] 2.77)

NNaumMsi 2.77) a'ld

Hpp (U) = max[min(0.4,0.6), min(0.4,0.3)]

Upy (U) =max[0.4,0.3]=0.4 (2.78)

Al s Winyu (Defuzzification)
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A3197 3.1 AANHULIAMNZUDIT0oUA 1N Nissan Leaf 38 kWh

(Electric Vehicle Database, 2018)
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A v 3 ' Y1
M135199 3.6 Wnavesad uNuszuaza 1991 (U1N/Mvar) (Baghzouzet al., 1990)

WAYAR ALY Myar) | 0.15 0.30 0.45 0.60 0.75 0.90 1.05
19918 (L1n/Mvar) 16420 |~ 11,494| 8309 | 7225 | 9,064 | 6,010 | 7,488
YAYARUALTZY (Mvar) | 1.20 1.35 1.50 1.65 1.80 1.95 2.10
A48 (VN Mvar) 5,583 6,798 6,601 6,338 6,141 | 6,929 | 5,780
YNAYARUALTZY (Mvar) | 225 2.40 2.55 2.70 285 | 300 | 3.5
A 1418 (VN Mvar) 6,469 5,583 6,207 6,141 6,010 | 5911 | 6,404
VAR IAUTEY (Mvar) | 3.30 3.45 3.60 3.75 3.90 4.05 -

19918 (L1N/Mvar) 5,714 6,174 5,583 6,010 5977 | 5,878 -

(1 ppaansansy iy 32.84 1)
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aniidailszy Ivlvh NEV Noarger CS [kW] vnansoutas v (MVA]
1 240 10 960 2.0
2 94 4 384 0.8
3 163 7 672 2.0
4 72 3 288 0.5
5 113 5 480 1.0
6 39 2 192 0.4
7 42 2 192 0.4
8 131 6 576 1.0
9 47 2 192 0.4
10 120 5 480 1.0
11 42 2 192 0.4
Y 1103 48 4608 9.9

{ [ < o o {
M350 4.4 vinavesanfioalsza lihFwazvuavesmioutlas Ivlihdmsunsain 2

aniidailszy Ivlvh NEV Nojraer CS [kW] wnansioulas i (MvA]
1 479 20 1,920 202 Qﬂ)
2 188 8 768 1.5
3 325 13 1,248 1.25Q2 Qﬂ)
4 145 6 576 1.0
5 226 10 960 2.0
6 79 4 384 0.8
7 84 4 384 0.8
8 261 11 1,056 2.0
9 94 4 384 0.8
10 240 10 960 2.0
11 85 4 384 0.8
33U 2206 94 9,024 18.2
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aniloailszy aldeiinertes 1m)

Tvlvh DC EC ELC 59
1 41,050,000 413,750 819,960 42,283,710
2 17,405,200 165,500 80,290 17,650,990
3 29,227,600 289,630 3,310 29,520,540
4 13,464,400 124,130 58,080 13,646,610
5 21,346,000 206,880 19,300 21,572,180
6 9,523,600 82,750 2,140 9,608,490
7 9,523,600 82,750 120 9,606,470
8 25,286,800 248,250 248,640 25,783,690
9 9,523,600 82,750 80,290 9,686,640
10 21,346,000 206,880 119,580 21,672,460
11 9,523,600 82,750 62,780 9,669,130

373U 207,220,400 1,986,020 1,494,490 210,700,910

(1 ﬂaamﬁ'ﬁwi@ 1101 32.84 UIN)

A 1 1 A A v = 3 o [ S o [ A
15199 4.6 ldennerdesnuanitionlszy G dwsnszezina 53 dwsunsdin 2

anilonilsey mlmeiineates (um)

Iulvih DC EC ELC 593
1 80,458,000 827,500 1,742,400 83,027,900
2 33,168,400 331,000 170,600 33,670,000
3 52,872,400 537,880 3,300 53,431,580
4 25,286,800 248250 123,000 25,658,050
5 41,050,000 413,750 35,400 41,499,150
6 17,405,200 165,500 4,500 17,575,200
7 17,405,200 165,500 200 17,570,900
8 44,990,800 455,130 497,300 45,943,230
9 17,405,200 165,500 163,900 17,734,600
10 41,050,000 413,750 256,200 41,719,950
11 17,405,200 165,500 125,600 17,696,300

59U 388,497,200 3,889,260 3,122,400 395,508,860

(1 ﬂaaaﬁaw%’g 1N 32.84 UIN)
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gamdalisunsudmsumsiiassdnvazmisadszy ldhuuulnduaziSvessooud i

gamdalsunsudmsumsiiassansuemsoaszy liwuund “Charging Li on_battery 40kWh_Normal.m”

o & S o ° Y Y < . )
FAN QTﬂiLLﬂiMﬁWﬁiUﬂﬁmﬁﬂﬂﬁﬂymgﬂWfJi’]ﬂﬂigﬂq‘lWﬂ"ﬂmUﬁ? “Charging_Li on_battery 40kWh_Fast.m”

a

fmeghadmSugamdsunsudmSumsdiaesdnvasmsdaiszy Iihuuulnd

o o W o Y o < { . .
mﬂmﬁﬂﬂmnsummumsma’maﬂymsmsaﬂﬂssig"lwv’{muum (P A1) “Charging_Li on_battery 40kWh_Constant.m”

%mstloutolya

KWh=40; % ANuUoLLLAAES Tusneud lilih

10=0; 9% naEuAusalszy Wi and)

t1=370; % Lm1(%11@’1’1;5@ﬂizmmﬁu"lwv’(mqﬁ (1)

©2=420; % namgasaszy T (uii)

tv=t2-t1; % ﬂhmaﬁj”ﬂﬂs:fguiaﬁu"lwﬂmqﬁ (1)

ti=t1-t0; % ﬂhmmé”ﬂﬂimqﬂi:ua"lWﬁwm*?‘l (i)

V_nominal=230; % usau Iihweiivea (v)

con_v=tv/s; 9% fasmnaimayes i i

con_i=ti/5; 9% sdumaanavensua i

% f?;uqa
% Trapezoidal method

v_fun = @(t) (1-exp(-t/con_v));

v_int = integral(v_fun,t0,t1);

i_fun= @(t) (exp(-t/con_1i));

i_int = integral(i fun,t1,t2);

% ?Fuqca

% mamurndnuzmadalizy Iiihvessooud Trlvh
P=[]; V=[]; I=[]; ww=0; Inew=[l;
Int=(v_int+i_int);
K=V_nominal*Int;
I_nominal=(kWh*(10"3)*60)/K; % AUIUANTELAUDNUDA
x=1:tl;
V=V_nominal*(1-exp(-x/con_v));
x=1:t2-t1;
[=]_nominal*exp(-x/con_i);
for qq=1:t1
Inew(qq)=I_nominal;

end
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for qq=t1+1:t2
V(qq)=V_nominal;
Inew(qq)=I(qq-t1);

end

for qq=1:t2
P(qq)=V(qq)*Inew(qq)/1000;

end

W=sum(P)/60;

Prated=max(P);

2
% auga

% MImuINANIUZYOVAAGD 1UTzHIMsoaszy Twih

Cum_P=cumsum(P/60);
Cum_P=Cum_P+2; o BuduiidonzuaAes T 20% (7.6 kWh)
SOC=(Cum_P*100/(kWh+2));
for qq=1:size(P,2)

if SOC(qq)>100

SOC(qq)=100;

end

end

v
% auga

% msudaensransaesdneuzmsalszy liiwessasud Tvivh
figure

yyaxis left

t=1:t2;

t=t/60;

plot(t,Inew,'r',t,V)

xlabel('Time, t [mins]");

ylabel('Charge V, I');

yyaxis right

plot(t,SOC,'k")

ylabel('Charge capacity (%)");

legend('Charge current : I [A]','Charge voltage : V- [V]','Charge capacity','Location', NorthEast')
xlabel('Time, t [mins]");

ylabel('Charge capacity (%)");

figure

plot(t,P,'’k")

xlabel('Time, t [mins]");

ylabel('Power, P [kW]");

yyaxis right

plot(t,SOC,"--k")

ylabel('Charge capacity (%)");
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legend('Charge real power : P [kW]','Charge capacity','Location','NorthEast')

2
% auga

% nsudaaranssassanyuznsoalszy lilihvessagud lilvh

fprintf('P [kW] V_nominal I nominal W [kWh] K\n')

fprintf(’ \n'")
fprintf(" %.2f  %d %.2f  %.2f  %d\n',Prated,V_nominal,] nominal,W,Prated)

2
% auga

o o ) 12 o 1 A o < dy A o A
%ﬂﬂ?ﬁﬁiﬂillﬂiﬂﬁ?ﬁiuﬂTiE)E)ﬂLHJ‘U‘UiHﬂLLﬁ%GHLLWuQﬂlﬁ)\?ﬁﬂﬁ!ﬁ)ﬂﬂizﬂﬂwﬂ%ﬁ’ﬂuW‘L‘m@Hﬂ@m@Q

FINIAUATIFFLN

Yas

gamdadsunsudmSumssnnavnandinuidesmssalsyyliihvessasudlihiiaoiisadszqluh Taeldisms

szanamsnnuieiy “Energy_demand_by_confident_interval.m”

% isuduifoudoya
n=14; % MBI DI eU 1T
Battery size=[16 17 20 22 23 24 24 30 30 36 37 60 60 80]; % ANNYUBILAIABIVOIARZ TR D TDEUA W

km_car=[100 110 130 130 130 140 130 165 150 170 300 ...
340 350 450]; % S2eyNNGIgAveLAaz s noud I

2
% auga

% FudunsImaNdiuidesmssmlazq lihvessasud i
SOC_25=Battery size*(.25;

SOC_100=Battery_size;

Demand_kWh=SOC_100-SOC 25;

Xm=sum(Demand_kWh)/n % Aundvvosnandanuiidesntssailszg o ssnoud i
sumX=0;

for qg=1:n

sumX=sumX-+((Demand_kWh(1,qq)-Xm)"2);

end
s=sqrt(sumX/(n-1)) % s lsanveanandinuidoimssatszy llfhwessoud It
ta=1.96; % FLAUANUFBUUNMMUAAIINGANIND 0.95

EV_consumption=0.1;
kWh_CS_min=Xm-(s/sqrt(n))*ta % ﬂJumWﬁddm‘ﬁﬁ'@ﬁﬂ155ﬂﬂixq‘lﬂﬁmmmﬂmﬁﬂwﬂw‘%mﬂ
kWh_CS_max=Xm-+(s/sqrt(n))*ta % nnandanuiideamssarszq Iihwessnsudllihgaga
kWh_CS_avg=round((kWh_CS_min+...
kWh_CS_max)/2) % mumwé’wmﬁé’fmﬂ15fzﬁ“ﬂﬂ3zq"lwﬂwmmﬂum”h\lﬁﬁgmﬁaﬂ
After charge kWh=SOC 25+kWh_CS_ avg;
for qg=1:n

if After_charge kWh(1,qq) > Battery_size(1,qq)

After_charge kWh(1,qq)=Battery size(1,qq);
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end
end
After_charge kWh % wasem lunuamesvasnnsalszy i l¥nuuoames

After_charge km=After charge kWh.* ...
km_car./Battery_size % szoznenamsaEunaanInealszy i Idnuuaaes

v

% auge

gamddsunsudmsumsannamunavesnszuallihndadszqlil#vusesudlvldh
IHgamaufoiuyamdalsuniudmiumatassdnuugmssadszy huuuEa e aed) Tasdeslfunlaou

a

AMNTINABS VAU “Charging Li on battery 40kWh Constant.m”

15ﬂﬁr&"ﬂﬂsnmﬁu's°nﬁ%’umiﬁwu1Wumtm1ﬁé’ﬂﬂizq"lﬂﬂflué1mmﬁm FwTauasnvdmn

mswavesaniioalszy dhluduneiion faniauasswdn sawdsmswmnandeudasddmsy
aofisatszy il Uszneudne 6 Tild il

1. Step_1_Size of FCS_ Tranformer.m Ain Mysnasnusasudlilihluiiuiisuneiios sanfaunsssin

2. Step_2_Size of FCS_Tranformer.m fi® miﬁ%’mmuﬁﬁmi‘"uﬁumﬁdﬁmﬁé”ﬂﬂig@”lwﬁﬂuﬁuﬁﬁwmmﬁm
TMIAUATTIF TN

3. Step_3_Size_of FCS_Tranformer.m fio mstaenlfuinisamiisnszy llihvesdldsnoud ludh

4. Step 4 Size of FCS Tranformer.m A9 miﬁ'mamﬁﬂ%’ﬁmﬁﬁaﬁmﬁumwﬁé'ﬂﬂaz@'lwv’h

. A a o ° sa =
5. Runs_10000_scenarios.m fin MIART I NaNIaeann 1vldan 1 fa4

6. Run_Size of FCS Tranformer.m A8 M33au &N 1 84 5 uazuaainanssiand

1. Step_1 Size of FCS Tranformer.m

9y

% Guduiloudoya

Nservice=3; % ﬂ"wmuﬂ%y"ﬁimmmiﬁ'ﬁmwmﬁﬁﬂﬂn@”lwﬂﬂuwﬁm?ﬂm

percent EVs max_each hour=0.12; v Sausasua llhiidesmssanseq T luda Tusiidan
wuniudeanisoaszy iihvessosud Tiihgagamny 12%

distance_FCS_to_Substation=1000; % 1 ldnnamisayszy i dsumsidenieandeaniiisaiszy
Iuvh

P_people=[439466 126781 83760 116146 129964 ...

122671 187050 94261 7011778945126384-77848 ...

77848 80205 75080 82311 68628 81298 72259 ...

43259 37484 42070 21592 59729 23842 42237 ...

24344 24769 25486 28822 28081 32232 34968]; % tuvdszansluudazdune Saniauns s

P_ratio_car=16205; % suausosud I lusuneiio

Percent_of EVs=0.4; % Srwausooud llfhiideanissaiszq i lundaz fu dwmu 2

R A a I A
AsAANY A AnlY 40% 50 80%
Municipality=[137579 26174 25510 19157 17873 16663 ...

16500 20083 9997 9746 9526 9045 7111 5998 66061; % UINUTzIAT IUuAazImALIadUa S1unotiiod
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sustation(1,:)=[14.979601 14.938489 14.959960 ...

14.915097 14.947405 15.059589 15.091141 ...

14.989575 15.065012 14.882305 15.0439801; % invaesdgavesdumis Tnuaiigeudeduaniisalsesy W
sustation(2,:)=[102.081708 102.133070 102.117553 ...

102.065890 102.015237 102.124549 102.109309 ...

102053538 102.187288 102.071182 102.149975]; % iavazAgavesdumisTnuaiiveudeduaniiisalszy i
Number of Substation=size(sustation,2); % iﬁmuTwuﬂ'ﬁLﬁ?’lfamiaﬁuﬁmﬁé"ﬂﬂizg"lwv’h
CS_X=[102.081368 102.132935 102.117973

102.065903 102.015592 102.124545 ...

102.109198 102.053884 102.186349 ...

102.071212 102.149821 1; % lvazagavosdmuvisantiionszy Iuvh
CS_Y=[14.979718 14.938971 14.959755

14.915528 14.947443 15.059152 15.091398 ...

14.990349 15.064670 14.881958 15.043324 1; % tavaesvgavesdmisanisatszq T
NFCS=size(CS_X.2); % Swananiiionalsey v
% auge

% mswausooud ihiidesnsdadszy luihlundaziu

percent_P_people=P_people*100/sum(P_people);

Total NEV=(percent P_people(1,1)/100)*P_ratio_car; % usosud Wi lusuneiiio

NEV_day=floor(Total NEV*Percent of EVs);

NEV=NEV_day; % smausaoua llhiidesnssatszy i luudas Su dwmsv 2
nsdifnn Ao Aty 40% v 80%

2
% auga

3 A ' ¥ A ° ° a
% Msmusasud Wihnlundaziuimauiadiua suneiies Tasldisueudaiila

EVs_in_area=zeros(1,length(Municipality));
St=0;
SEnd=100;
Rand=(SEnd-St).*rand(NEV,1)+St;
Rand=round(Rand);
for aa=1:NEV
if Rand(aa)>=0&&Rand(aa)<40
EVs in_area(l,1)=EVs_in_area(l,1)+1;
elseif Rand(aa)>=40&&Rand(aa)<48
EVs in_area(1,2)=EVs_in_area(1,2)+1;
elseif Rand(aa)>=48&&Rand(aa)<56
EVs in_area(1,3)=EVs_in_area(1,3)+1;
elseif Rand(aa)>=56&&Rand(aa)<62
EVs in_area(1,4)=EVs_in_area(1,4)+1;
elseif Rand(aa)>=62&&Rand(aa)<67
EVs_in_area(1,5)=EVs_in_area(1,5)+1;

elseif Rand(aa)>=67&&Rand(aa)<72



EVs_in_area(1,6)=EVs_in_area(1,6)+1;
elseif Rand(aa)>=72&&Rand(aa)<77
EVs_in_area(1,7)=EVs_in_area(1,7)+1;
elseif Rand(aa)>=77&&Rand(aa)<83
EVs_in_area(1,8)=EVs_in_area(1,8)+1;
elseif Rand(aa)>=83&&Rand(aa)<86
EVs_in_area(1,9)=EVs_in_area(1,9)+1;
elseif Rand(aa)>=86& &Rand(aa)<89
EVs_in_area(1,10)=EVs_in_area(1,10)+1;
elseif Rand(aa)>=89&&Rand(aa)<92
EVs_in_area(1,11)=EVs_in_area(1,11)+1;
elseif Rand(aa)>=92&&Rand(aa)<95
EVs_in_area(1,12)=EVs in_area(1,12)+1;
elseif Rand(aa)>=95&&Rand(aa)<97
EVs_in_area(1,13)=EVs_in_area(1,13)+1;
elseif Rand(aa)>=97&&Rand(aa)<99
EVs_in_area(1,14)=EVs in_area(1,14)+1;
elseif Rand(aa)>=99&&Rand(aa)<=100
EVs in area(1,15)=EVs_in_area(l,15)+1;
end

end

0,

(4

2. Step_2 Size of FCS Tranformer.m

A o @ o ' o A

£l oy A A v o =
% NTHINUNU ’m‘w‘i‘]mm’ﬁ‘LNﬁﬂ111-’3]ﬂﬂim‘lﬂﬁﬂuwuﬂmmamm WHIAUATINIBAN

P

% mauwmmﬁuﬁé’uﬂmﬁm ﬁlﬁﬂ'ilﬂuﬂifﬂ"]f?ﬂﬂ
%fi'llﬂ'ﬂlﬁ'ﬂﬂuﬂii']%aﬂ'] uﬂﬁﬁ']“lfaﬂ"l

% top = 15.144647;

% bottom=14.786372;

% L=101.931215;

% R=102.236772;

% y=linspace(14.786372,15.144647);

% x=linspace(101.931215,102.236772);

% % plot(x,top,x,bottom,L,y,R,y);

)
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(4

% youavesuRudazmmnadalusuneifios Saaunsrin
%1 INALIAUATTIFEN

topl = 15;

bottom1=14.965797;

L1=102.048313;

R1=102.127621;



yl1=linspace(14.965797,15);
x1=linspace(102.048313,102.127621);
% hold on

% % plot(x1,top1,x1,bottom1,L1,y1,R1,y1)

0,
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%2 Lﬂﬁﬂ1ﬁﬁ1ﬂa1w%{ﬂﬂ1\i

top2 = 14.921037;
bottom2=14.872255;

L2=102.091957;

R2=102.131185;
y2=linspace(14.872255,14.921037);
x2=linspace(102.091957,102.131185);
% hold on

% % plot(x2,top2,x2,bottom2,L.2,y2,R2,y2)

0,

%3 mALadUaNImea

top3 = 14.990295;
bottom3=14.927635;

L3=102.138027;

R3=102.167545;
y3=linspace(14.927635,14.990295);
x3=linspace(102.138027,102.167545);
% hold on

% % plot(x3,top3,x3,bottom3,L.3,y3,R3,y3)

0,

%4 InALasuatiued lndoy

top4 = 14.961672;
bottom4=14.921037;

L4=102.072073;

R4=102.102629;
y4=linspace(14.921037,14.961672);
x4=linspace(102.072073,102.102629);
% hold on

% % plot(x4,top4,x4,bottom4,L4,y4,R4,y4)

)

(4

%5 aa

topS = 14.965797;
bottom5=14.945831;
L5=102.003226;

R5=102.062650;
y5=linspace(14.945831,14.965797);



x5=linspace(102.003226,102.062650);
% hold on
% % plot(x5,top5,x5,bottom5,L.5,y5,R5,y5)

0,
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% 6 MeAIadIUAYIUTS

top6 = 14.936462;
bottom6=14.840241;

L6=102.002870;

R6=102.040635;
y6=linspace(14.840241,14.936462);
x6=linspace(102.002870,102.040635);
% hold on

% % plot(x6,top6,x6,bottom6,L.6,y6,R6,y6)

0,

% %7 AU

top7 = 15.074244;
bottom7=15.020988;

L7=102.090541;

R7=102.157268;
y7=linspace(15.020988,15.074244),
x7=linspace(102.090541,102.157268);
% % hold on

% % plot(x7,top7,x7,bottom7,L7,y7,R7,y7)

0,

%8 inALadualiiodlilannsaa
top8 = 14.931543;
bottom8=14.830009;

L8=101.937754;

R8=102.002870;
y8=linspace(14.830009,14.931543);
x8=linspace(101.937754,102.002870);
% % hold on

% % plot(x8,top8,x8,bottom8,L.8,y8,R8,y8)

0,

%9

top9 = 15.127630;
bottom9=15.074244;

L9=102.079440;

R9=102.139521;
y9=linspace(15.074244,15.127630);
x9=linspace(102.079440,102.139521);



% % hold on
% % plot(x9,top9,x9,bottom9,L.9,y9,R9,y9)

0,

177

(4

%10

top10 = 15.074244;

bottom10=15.030480;

L10=101.992351;

R10=102.090541;
y10=linspace(15.030480,15.074244);
x10=linspace(101.992351,102.090541);

% % hold on

% % plot(x10,top10,x10,bottom10,L10,y10,R10,y10)

0,

(4

%11

topl1 = 14.945831;
bottom11=14.874170;
L11=102.040870;

R11=102.069366;
y11=linspace(14.874170,14.945831);
x11=linspace(102.040870,102.069366);
% % hold on

% % plot(x11,top11,x11,bottom11,L11,y11,R11,y11)

0,

()

%12

top12 = 15.066018;
bottom12=14.994066;
L12=102.171710;

R12=102.215999;
y12=linspace(14:994066,15.066018);
x12=linspace(102.171710,102.215999);
% % hold on

% % plot(x12,top12,x12,bottom12,L.12,y12,R12,y12)

)

(4

%13

top13 = 14.872255;
bottom13=14.825792;
L13=102.040635;

R13=102.113404;
y13=linspace(14.825792,14.872255);
x13=linspace(102.040635,102.113404);
% % hold on



% % plot(x13,top13,x13,bottom13,L13,y13,R13,y13)

0,
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(4

%14

topl4 = 15.126858;

bottom14=15.066018;

L14=102.157268;

R14=102.203112;
yl14=linspace(15.066018,15.126858);
x14=linspace(102.157268,102.203112);

% % hold on

% % plot(x14,top14,x14,bottom14,L.14,y14,R14,y14)

0,

(4

%15

topl5 = 15.066018;
bottom15=14.995228;
L15=102.157268;

R15=102.171710;
y15=linspace(14.995228,15.053587);
x15=linspace(102.157268,102.171710);
% % hold on

% % plot(x15,top15,x15,bottom15,L15,y15,R15,y15)

0,

(4

Y o ' £ A o o A v o =
% ﬂ15fcﬁch’lmw‘LNﬁufN:iﬂfJumﬂlw‘l}’\fﬂuwu‘nmﬁmamuaiummamm WHIAUATINBAU

rxcar=zeros(1,NEV);

rycar=zeros(1,NEV);

for qq=1:NEV

if qq<=EVs_in_area(l1,1)
x0=102.048313;
x1=102.127621;
rxcar(1,qq)=rxcar(1,qq)+((x1-x0).*rand(1,1)+x0);
y0=14.965797;
y1=15;
rycar(1,qq)=rycar(1,qq)+((y1-y0).*rand(1,1)+y0);
elseif qg>EVs_in_area(1,1)&&qq<=(EVs_in_area(1,1)+EVs_in_area(1,2))

rxcar(1,qq)=rxcar(1,qq)+((R2-L2).*rand(1,1)+L2);

rycar(1,qq)=rycar(1,qq)+((top2-bottom?2).*rand(1,1)+bottom?2);

elseif q@>(EVs_in_area(1,1)+EVs_in_area(1,2))&&qq<=(EVs_in_area(1,1)+EVs_in_area(1,2)+EVs_in_area(1,3))

rxcar(1,qq)=rxcar(1,qq)+((R3-L3).*rand(1,1)+L3);

rycar(1,qq)=rycar(1,qq)+((top3-bottom3).*rand(1,1)+bottom3);
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elseif
qq>(EVs_in_area(1,1)*EVs_in_area(1,2)+EVs_in_area(1,3))&&qq<=(EVs_in_area(1,1)+EVs_in_area(1,2)+EVs_in_area(1,3)+E
Vs_in_area(1,4))
rxcar(1,qq)=rxcar(1,qq)+((R4-L4).*rand(1,1)+L4),
rycar(1,qq)=rycar(1,qq)+((top4-bottom4).*rand(1,1)+bottom4);
elseif
qq>(EVs_in_area(1,1)+EVs_in_area(1,2)+EVs_in_area(1,3)+EVs_in_area(1,4))&&qq<=(EVs_in_area(1,1)+EVs_in_area(1,2)+E
Vs_in_area(1,3)+EVs_in_area(1,4)+EVs_in_area(1,5))
rxcar(1,qq)=rxcar(1,qq)+((R5-L5).*rand(1,1)+L5);
rycar(1,qq)=rycar(1,qq)+((top5-bottom5).*rand(1,1)+bottom5);
elseif
qg>(EVs_in_area(1,1)+EVs_in_area(1,2)+EVs_in_area(1,3)+EVs in_area(1,4)+EVs_in_area(1,5))&&qq<=(EVs_in_area(1,1)+E
Vs_in_area(1,2)+EVs_in_area(1,3)+EVs_in_area(1,4)+EVs_in area(1,5)+EVs in_area(1,6))
rxcar(1,qq)=rxcar(1,qq)+((R6-L6).*rand(1,1)+L6);
rycar(1,qq)=rycar(1,qq)+((top6-bottom6).*rand(1,1)+bottom6);
elseif
qq>(EVs_in_area(1,1)+EVs_in_area(1,2)+EVs_in_area(1,3)+EVs in area(1,4)+EVs in area(1,5)+EVs_in_area(1,6))&&qq<=(E
Vs _in_area(1,1)+EVs in_area(1,2)+EVs in_area(1,3)+EVs_in_area(1,4)+EVs_in area(1,5)+EVs_in area(1,6)+EVs_in_area(1,7)
)
rxcar(1,qq)=rxcar(1,qq)+((R7-L7).*rand(1,1)+L7);
rycar(1,qq)=rycar(1,qq)+((top7-bottom?7).*rand(1, 1)+bottom?7);
elseif
qq>(EVs_in_area(1,1)*EVs_in area(1,2)*EVs in area(1,3)+EVs_in area(1,4)+EVs in area(1,5)+EVs in_area(1,6)+EVs_in_ar
ea(1,7))&&qq<=(EVs_in area(1,1)+EVs in_area(1,2)+EVs_in area(1,3)+EVs in area(1,4)+EVs in area(l,5)+EVs_in_area(1,6
)+EVs_in_area(1,7)+EVs in_area(1,8))
rxcar(1,qq)=rxcar(1,qq)+((R8-L8).*rand(1,1)+Lg);
rycar(1,qq)=rycar(1,qq)+((top8-bottom8).*rand(1,1)+bottom8);
elseif
qg>(EVs_in_area(1;1)+EVs in area(1,2)+EVs in area(1,3)+EVs in area(1,4)+EVs in area(1,5)+EVs in_area(1,6)+EVs_in_ar
ea(1,7)*EVs_in_area(1,8))&&qq<=(EVs in area(l,1)+EVs_in_area(1,2)+EVs_in_area(1,3)+EVs in area(1,4)+EVs_ in_area(1,5
)J+EVs_in_area(1,6)+EVs_in area(1,7)+EVs-in area(1,8)+EVs_in area(1,9))
rxcar(1,qq)=rxcar(1,qq)+((R9-L9).*rand(1,1)+L9),
rycar(1,qq)=rycar(1,qq)+((top9-bottom9).*rand(1,1)+bottom9);
elseif
qq>(EVs_in_area(1,1)+EVs_in_area(1,2)+EVs_in_area(1,3)+EVs_in_area(1,4)+EVs_in area(1,5)+EVs_in_area(1,6)+EVs_in_ar
ea(1,7)*EVs_in_area(1,8)+EVs_in_area(1,9))&&qq<=(EVs_in_area(1,1)+EVs_in_area(1,2)+EVs in_area(1,3)+EVs_in_area(1,4
)+EVs_in_area(1,5)+EVs_in_area(1,6)+EVs_in_area(1,7)+EVs_in_area(1,8)+EVs in_area(1,9)+EVs_in_area(1,10))
rxcar(1,qq)=rxcar(1,qq)+((R10-L10).*rand(1,1)+L10);
rycar(1,qq)=rycar(1,qq)+((top10-bottom10).*rand(1,1)+bottom10);
elseif

qq>(EVs_in_area(1,1)+EVs_in_area(1,2)+EVs_in_area(1,3)+EVs_in_area(1,4)+EVs_in_area(1,5)+EVs_in_area(1,6)+EVs_in_ar
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ea(1,7)+EVs_in_area(1,8)+EVs_in_area(1,9)+EVs_in_area(1,10))&&qq<=(EVs_in_area(1,1)+EVs_in_area(1,2)+EVs_in_area(l,
3)+EVs_in_area(1,4)+EVs_in_area(1,5)+EVs_in_area(1,6)+EVs_in area(1,7)+EVs_in_area(1,8)+EVs_in_area(1,9)+EVs_in_area
(1,10)+EVs_in_area(1,11))
rxcar(1,qq)=rxcar(1,qq)+((R11-L11).*rand(1,1)+L11);
rycar(1,qq)=rycar(1,qq)+((top11-bottom11).*rand(1,1)+bottom11);
elseif
qq>(EVs_in_area(1,1)+EVs_in_area(1,2)+EVs_in_area(1,3)+EVs_in_area(1,4)+EVs_in_area(1,5)+EVs_in_area(1,6)+EVs_in_ar
ea(1,7)+EVs_in_area(1,8)+EVs_in_area(1,9)+EVs_in_area(1,10)+EVs_in_area(1,11))&&qq<=(EVs_in_area(1,1)+EVs_in_area(l
L2)+EVs_in_area(1,3)+EVs_in area(1,4)+EVs in_area(1,5)+EVs_in_area(1,6)+EVs_in area(1,7)+EVs in_area(1,8)+EVs_in_are
a(1,9)+EVs_in_area(1,10)+EVs_in_area(1,11)+EVs_in_area(1,12))
rxcar(1,qq)=rxcar(1,qq)+((R12-L12).*rand(1,1)+L12);
rycar(1,qq)=rycar(1,qq)+((top12-bottom12).*rand(1,1)+bottom12);
elseif
qg>(EVs_in_area(1,1)+EVs in_area(1,2)+EVs in_area(1,3)+EVs_in_area(1,4)+EVs in_area(1,5)+EVs_in_area(1,6)+EVs_in_ar
ea(1,7)*EVs_in_area(1,8)+EVs_in_area(1,9)+EVs in area(1,10)+EVs_in_area(1,11)+EVs_in_area(1,12))&&qq<=(EVs_in_area(
1,1)+EVs in_area(1,2)+EVs_in_area(1,3)+EVs_in area(1,4)+EVs_in area(1,5)+EVs_in area(1,6)+EVs in_area(1,7)+EVs in_ar
ea(1,8)+EVs_in_area(1,9)+EVs_in area(1,10)+EVs in area(l,11)+EVs in_area(1,12)+EVs_in area(1,13))
rxcar(1,qq)=rxcar(1,qq)+((R13-L13).*rand(1,1)+L13);
rycar(1,qq)=rycar(1,qq)+((top13-bottom13).*rand(1,1)+bottom13);
elseif
qq>(EVs_in_area(1,1)+EVs in_area(1,2)+EVs in area(1,3)+EVs in area(1,4)+EVs in area(1,5)+EVs_in_area(1,6)+EVs_in_ar
ea(1,7)*EVs_in_area(1,8)+EVs_in_area(1,9)+EVs in area(1,10)+EVs_in area(1,11)+EVs_in_area(1,12)+EVs_in_area(1,13))&
&qq<=(EVs_in area(1,1)+EVs in area(1,2)+EVs in area(1,3)+EVs_in area(1,4)+EVs in_area(1,5)+EVs_in_area(1,6)+EVs_in
_area(1,7)+EVs_in_area(1,8)+EVs_in_area(1,9)+EVs in area(1,10)+EVs_in area(1,11)+EVs_in area(1,12)+EVs in_area(1,13)
+EVs_in_area(1,14))
rxcar(1,qq)=rxcar(1,qq)+((R14-L14).*rand(1,1)+L14);
rycar(1,qq)=rycar(1,qq)+((top14-bottom14).*rand(1,1)+bottom14);
elseif
qg@>(EVs_in_area(1;1)+EVs in area(1,2)+EVs in area(1,3)+EVs in area(1,4)+EVs in area(1,5)+EVs in_area(1,6)+EVs_in_ar
ea(1,7)*EVs_in_area(1,8)+EVs in area(1,9)+EVs in area(1,10)+EVs_in area(1,11)+EVs in_area(1,12)+EVs_in_area(l,13)+E
Vs_in_area(1,14))&&qq<=sum(EVs in arca)
rxcar(1,qq)=rxcar(1,qq)+((R15-L15).*rand(1,1)+L15);
rycar(1,qq)=rycar(1,qq)+((top15-bottom15).*rand(1,1)+bottom15);
end
end
for qq=1:NEV
% hold on
% plot(rxcar(1,qq),rycar(1,qq),'r')
end

2
% auga
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) v '
% m3ad s uniesnuaiiFounuamiisalszy i luiundunedios Saniauasswdun

for qq=1:Number_of Substation
% hold on
% plot(sustation(2,qq),sustation(1,qq),--gs",...
% 'LineWidth',2,...
%  'MarkerSize',10,...
%  'MarkerEdgeColor','b,...
%  "MarkerFaceColor',[0.5,0.5,0.5])

end

2
% auga

% myadedumisaniisayszy Il luituiisunedies finsauasswdn
for qq=1:NFCS
% hold on
% plot(CS_X(1,99),CS_Y(1,qq),--gs',...
% 'LineWidth',1,...
% 'MarkerSize',5,...
%  'MarkerEdgeColor','g',...
%  'MarkerFaceColor',[0.5,0.5,0.5])

end

v
% auga

% msfaszeznennaniionszy i ldaTnuavesszunsinine Tvih

dCS=zeros(NFCS,Number of Substation);
for qq=1:NFCS
for ww=1:Number of Substation
dCS(qq,ww)=sqrt((CS_X(1,qq)-sustation(2,ww))*2-+(CS_Y(1,qq)-sustation(1,ww))"2);
dCS(qq,ww)=(dCS(qq,ww)/0.0093);
end

end

2
% auga

% nadenszoznaainam stz i ldda Tnuavesszuusinie liihilndiige
dCSmin=min(dCS,[],2);
for aa=1:length(dCSmin)
if dCSmin(aa)<=distance FCS_to_ Substation
else
dCSmin(aa)=0;
end

end




% msadruduioszymsidonszezmeaninaniiisalszy I lda Inuavesszuusimine Tihala

NFCS_under_condition=0;
Number CS=zeros(1,Number of Substation);
Number_Si=zeros(50,Number_of Substation);
for aa=1:NFCS
if dCSmin(aa)>0
NFCS_under_condition=NFCS_under condition+1;
end
for bb=1:Number of Substation
if dCS(aa,bb)==dCSmin(aa)
Number CS(1,bb)=Number CS(1,bb)+1;
Number_Si(aa,bb)=Number_Si(aa,bb)+1;
SelectX=[CS_X(1,aa) sustation(2,bb)];
SelectY=[CS_Y(1,aa) sustation(1,bb)];
% hold on
% plot(SelectX,SelectY,'y")
end
end

end

0,
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(4

3. Step_3_Size of FCS Tranformer.m

% msmuuszeznnszinueedlFsaoud i ldaaiisnseq v
dEV=zeros(NEV,NFCS);
for aa=1:NEV
for bb=1:NFCS
dEV(aa,bb)=sqrt((rxcar(1,aa)-CS_X(1,bb))*2+(rycar(1,aa)-CS_Y(1,bb))"2);
dEV(aa;bb)=(dEV(aa,bb)/0.0093);
end

end

0,

()

% nrsfuuszeznenszsavesd Fsaoud hidh lddadeiisalseq Tl ndiga
for aa=1:NFCS
for bb=1:NEV
if dCSmin(aa)==0
dEV(bb,aa)=1000;
end
end
end
[dEVmin_before. ANN eachEV_to FCS]=min(dEV,[],2);

dEVmin=dEVmin before ANN;
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% auge

% mafnmzezman wesdldsoeud i ludarfisadsey Iihiilndfiqa Tael¥33 Tassielszamifin--——
Input_for real km_of EV=[]; % foyaiilFlumsdeuduiodszuanalulaswhodssamiion
Input_for real km_of EV(1,:)=rycar;
Input_for real km_of EV(2,:)=rxcar;
Input_for real km_of EV(3,:)=dEVmin;
for qqg=1:NEV
Input_for real km_of EV(4,qq)=CS_Y(eachEV_to_FCS(qq));
Input_for real km of EV(5,qq)=CS X(eachEV to FCS(qq));
end
dEVmin=net(Input_for_real km_of EV); % ms1lassthodszamidionii Idnnmsieniindumnldlumsdinszesna
wvesdldsaoud llih Tudiaailsadszq il lndiiqa

v
% auga

% asduusausooud i 155 mslundazaoiisasey Tl
dEV_avg=zeros(1,NEV);
car_Over_15km=0;
Number _car CS=zeros(1,NFCS);
for aa=1:NEV
if dEVmin(aa)>15
car_ Over 15km=car Over 15km+1;
end
Number_car CS(1,eachEV_to FCS(aa))=Number _car CS(1,eachEV_to FCS(aa))+1;
SelectX=[rxcar(1,aa) CS_X(1,eachEV_to FCS(aa))];
SelectY=[rycar(l,aa) CS_Y(l,eachEV_to FCS(aa))];
hold on
% plot(SelectX,SelectY,'k')
end

car_Over 15km;

2
% auga

% mssasuismlizy ldihluuaazaoiisalszy i
number_pole=zeros(NFCS,Number -of Substation);
for aa=1:NFCS

for bb=1:Number of Substation

number_pole(aa,bb)=number pole(aa,bb)+Number car CS(1,aa)*Number_Si(aa,bb);

end
end
cb=max(number_pole,[],1);
for aa=1:NFCS

for bb=1:Number_of Substation

number_pole(aa,bb)=ceil(percent EVs_max_each_hour*number_pole(aa,bb)/Nservice);

end
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end
Si=zeros(1,Number_of Substation);
for aa=1:NFCS
for bb=1:Number_of Substation
Si(1,bb)=Si(1,bb)+number_pole(aa,bb);
end
end

Pole_Si=max(number pole,[],2);

v
% auga

4. Step_4 Size of FCS_Tranformer.m

% Al lumsaumevesil¥sooud It
EVL=zeros(1,NEV);
for aa=1:NEV
EVj=5*365*0.0877*0.17*dEVmin(aa);
EVL(1,aa)=EVL(1,aa)+EVj;
end

EVL_cost=sum(EVL);

v
% auga

% ml¥edmsuaassviie Trih
EC=zeros(1,NFCS);
dCSmin=ones(11,1)*0.1; % ﬁmum:azmm;ﬂﬁﬂéﬁﬁmﬁé”mlwﬁg"l‘vhfh"liliwuﬂﬁﬁ}amieﬁuﬁmﬁé”ﬂ
Uszqlildwiiny 100 wms

for aa=1:NFCS

ACj=8000+(65.7*42.77);

ECj=ACj*dCSmin(aa)*Pole Si(aa);

EC(1,aa)=EC(1,aa)+ECj;
end
EC_total=sum(EC);

2
% auga

% mlFnelunsiannaniiisalsey i

Cinit=70000; % ﬁﬂﬁ’f'ﬁmmﬁmmamﬁé”ﬂﬂizg”lwﬁw )
Clan=4000; o s Rd M uTzezIa1 5 1) ($/m”)

PC=96: % mas I lFauvesiisasey Tl ow)
Ccon=208.33; % mlg9elumsiauniioatlszy T saw)

Dc=zeros(1,NFCS);
for aa=1:NFCS
if Pole_Si(aa)==0
Dc(1,aa)=0;
else

De(1,aa)=Dc(1,aa)+(Cinit+(25*Clan*Pole_Si(aa))+(PC*Ccon*(Pole_Si(aa)-1))); %(1) [$]



end
end

Dc_cost=sum(Dc);

0,

(4

% mldnemnasinmsgadeveandsa i luszuusmie v
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hn=zeros(1,Number of Substation);
for aa=1:Number_of Substation
if cb(aa)>0
hn(1,aa)=hn(1,aa)+(cb(aa)/Si(aa)*(16.25/60));
end
end
% loss_ MW=[0.0026 0.0006 0.000012 0.0006 0.0001 ...
0.0005 0.000002 0.0014 0.0012 0.0007 0.00111*3; % mas lhgaudeTunsdl 40% vewaazeas lwth
loss MW=[0.0026 0.0007 0.000011 0.0006 0.0002 ...
0.0005 0.000002 0.0015 0.0013 0.0008 0.00111*3; % mas lihgaudeTunsdl 80% vewaazeas lwh
AGL=zeros(1,Number of Substation);
GLC=zeros(1,Number of Substation);
for aa=1:Number_of Substation
if hn(aa)>0
AGL(1,aa)=AGL(1,aa)+(hn(1,aa)*loss MW(1,aa));
GLC(1,aa)=GLC(1,aa)+(AGL(1,aa)*87.7%1825);
end
end
loss5yr=sum(AGL);

GLC_Cost=sum(GLC);

0,

(4

% WANITIADIDU 9

9
Number_Pole=sum(Pole_Si); % swauiieaszy Tddmanue

dEV_avg=sum(dEVmin)/NEV; % szozmamae ldsaniidaseq iiidwSudldsaoud lilvh

dEV_max=max(dEVmin); % szoznagage ldsaniidnilsey Ihdmsugldsoaud lilvh

0,

()

5. Runs_10000_scenarios.m

v

auge

% isuAunstloudoya
o o
Nraaa=10000; % UIUTADIUNITU

N_FCS=11; % Swauaiioalszy liih

)

(4

o @ A4 3 9
% ﬂ'liﬂ'lﬂuﬂﬂﬂllﬂi!.wmﬂ‘ﬂ‘ﬂﬁ]y‘a

Number _car CS_avg=zeros(1,N_FCS);
Pole Si_each FCS=zeros(N_FCS,1);

number_pole_each FCS=zeros(N_FCS,4);
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dEV_max_avg=zeros(1,Nraaa);
dEV_avg_avg=zeros(1,Nraaa);
EVL_a=zeros(1,Nraaa);
EC_a=zeros(1,Nraaa);
Dc_a=zeros(1,Nraaa);
GLC_a=zeros(1,Nraaa);
CCharger=zeros(1,Nraaa);
avg_distance of EVs=0;
max_distance of EVs=0;
for raaa=1:Nraaa

Step_1 Size of FCS_Tranformer

Step_2 Size of FCS Tranformer

Step_3_Size of FCS_Tranformer

Step_4 Size of FCS Tranformer
Number car CS_avg=Number car CS avg+Number car CS;
Pole Si each FCS=Pole Si each FCS+Pole Si;
dEV_max_avg(l,raaa)=dEV_max_avg(l,raaa)+dEV_max;
dEV_avg_avg(l,raaa)=dEV_avg_avg(l,raaa)*+dEV_avg;
EVL a(l,raaa)=EVL_a(l,raaa)+EVL_cost;
EC a(l,raaa)=EC a(l,raaa)+EC total,
Dc_a(l,raaa)=Dc_a(l,raaa)+Dc cost;
GLC a(1,raaa)=GLC _a(1,raaa)*GLC_Cost;
CCharger(1,raaa)=CCharger(1,raaa)+Number Pole;
avg_distance of EVs=avg distance of EVs+dEV avg;
max_distance of EVs=max distance of EVs+dEV_ max;

end

2
% auga

% MIAUIUHIAURDEIINNANITINEDS

Number _car CS: avg=Number car CS avg/Nraaa;
Pole_Si_each FCS=Pole Si each FCS/Nraaa;
CCharger=sum(CCharger)/Nraaa;

Avg Dist=avg distance_of EVs/Nraaa;
Max_Dist=max_distance of EVs/Nraaa;
avg_num_clSkm=sum(num_c15km)/Nraaa;
avg EVL=sum(EVL _a)/Nraaa;

avg EC=sum(EC_a)/Nraaa;

avg Dc=sum(Dc_a)/Nraaa;

avg_ GLC=sum(GLC_a)/Nraaa;

Total=avg EC+avg_Dc+avg EVL+avg GLC;
car_CS_avg=[]; ww=0;

Pole Si_each FCS_avg=[];
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for qq=1:N_FCS
if Number car CS_avg(1,qq)>0
ww=ww+1;
car_CS_avg(ww)=Number car CS avg(l,qq);
Pole Si_each FCS_avg(ww)=Pole Si_each FCS(qqg,1);
end

end

2
% auga

6. Run_Size of FCS Tranformer.m

% msBouiinduszuyTasselszanmiion

' 9 v Zl té a 92y 1 a
Stop_km_ANN=1.3; % mdmsuaasen lumsngavesnsiBeniinduszuu Tasaelssamiion
for qq=1:1000000
Input_training_km_of EV=[]; % toyatlowindmsumsisouddnduszunInsolssamiion Usznou’ll
#9 lmvazAgavesduitssneud Wi lnvassdgavesdumissooud Il
- N N e - e
ravazAgavesdwlean1isnlszy I iavaesiygavesdumisaniion

dszy Wi nagszegmsnsziasznitesaoud duazaniisasyy i

auaIAY
Input_training km_of EV(1,:)=[]; % 1avazARAYRIA LT T noud Ilvh
Input_training km of EV(2,:)=[]; % 1D IIgATR T IIHLaT DA 1lvh
Input_training km_of EV(3,:)=[1; % 1nvazAgauemisanioalszy Trvh
Input_training km_of EV(4,)=[1; % lavandgaued misantiontlszy il
Input_training_km_of EV(5,:)=[]; % 520zManszIRTTnINsooud lhuagzaaiisailszq I
Target_training km of EV=[]; % toyarmune de szozmadimiusooud llduaumslddiaoriicalszy

it 189 1nms $a 1A Google Maps
net = fitnet(10);
net = train(net,Input_training_km_of EV,Target training_km_of EV);
output=net(Input _training km_of EV);
RMSE=mse(net, Target_training_km_of EV,output); % AUIUAT Root Mean Square Error : RMSE

e=Target training km of EV-output;

MAPE=mae(e); % AR Mean Absolute Percentage Error
if RMSE<Stop_km_ ANN % mnaauﬁaumiwqﬂﬁﬂuﬁﬂﬂusmﬂﬂﬁﬂha
szamiion
RMSE
MAPE

plot(1:size(Target_training_ km_of EV,2),Input _training km_of EV(3,:),1:size(Target_training km_of EV,2),Target training k
m_of EV,'r',1:size(Target training km_of EV,2),output,'k")
break;
end

end

2
% auga



% malFenyaida11)1nsy Runs_10000_scenarios.m
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Runs_10000_scenarios

0,

(4

% MILUTAINANITIIADY

fprintf("\nThe Results\n");

fprintf('fast charging stations = %d Chargers = %.2f\n',NFCS_under_condition,CCharger);

fprintf("\n n');
fprintf("\nOptimal Fast Charging Stations\n');

for qq=1:NFCS_under_condition

fprintf('%d  %.2f %.2f %.2f\n',qq,(Pole_Si each FCS avg(qq)),Pole Si each FCS avg(qq)*96,car CS avg(qq));

end

fprintf(" n');

fprintf("\nThe Results of the minimal total cost\n');

fprintf('Station development cost (M$) = %.2f\n",avg_Dc);

fprintf('Electrification cost of fast charging station(M$) = %.2f\n",avg_EC);

fprintf('Loss cost of EVs (M$) = %.2f\n',avg_ EVL);

fprintf('Loss cost of power distribution system(M$) = %.2f\n',avg GLC);

fprintf('Total cost(M$) = %.2f  DC+EC (M$) = %.4f\n',...
Total/1000000,(avg_Dc+avg EC)/1000000);

fprintf(" \n');

fprintf("\nThe traveling distances of EV users\n');

fprintf('Average (km) = %.2f Maximum (km) = %.2f\n',Avg Dist,Max Dist);

fprintf(" n');
% Fuga
yamdshlsunsudmiumsssnuuunnavewdfenlaslihdmsuamiisadszglvih
msmvnandonlasihdmsuaaiisavszq i Yszneuldae 2 i dail
1. Transformers load case 1.m ANTUNT til‘ﬁ 1
2. Transformers_load case 2.m ﬁ?ﬁ%ﬂﬂiﬁ‘!ﬁ 2
fedrdmsumsmdanifouas ihdmivamiisausz i n3dii 1 “Transformers load case 1.m” il
% rudutoutonya
CS_MW=[960 384 672 288 480 192 192 576 192480 192)/1000; - %anacariisatseqlulihil 1 84 11 Ay
n_rf=0.8; % dszansmmveniidalszyluih
pf EV=0.9; % dtszneumad lnihvessooud v
% Fuga
% mymurnvinaverdoutasluih
P_CS=CS MW./n_rf % Tvangagavesaniiioatszyluih
MVA_CS=P_CS./pf EV % Tnangegavesamilsauszy it ooud i
Size. TR MVA=MVA_CS*1.25 % yuavesrdoutas i

0,

(4
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% mstloudoyarivemuinilszansamueaniiouadliih

Pout EV_kW=[960 384 672 288 480 192 192 576 192 480 1921/0.8; % Tnaagagavessnoud i lundazaniiisa
Uszg i

Peu_kW=[24 1124 5.5 13.54.6 4.6 13.5 4.6 13.5 4.6]; % maslwihgapdeluvaada

Pcore kW=[3.25 1.6 3.25 1.15 1.95 0.96 0.96 1.95 0.96 1.95 0.96]; 9% maa lthgapdeluunuman

% ?Tyu’cm

% mamuulszansmwveandoutladlui

Ploss=Pcu_kW+Pcore kW;
Pin_EV_kW=Pout EV_kW-Ploss;
n_TR=(Pout EV_kW./Pin EV_kW)*100

v
% auga

% M3t Tnangegaveaaazanitoalszy I luszuusimie lwih
Q=(Pin_EV_kW/0.9)*0.436;

Pin EV_MW=Pin EV_kW/1000 % mas lihessweInaaluumazanitisalszq luldh (Mw]
Q=Q/1000 % mas IS ueniinvesInanlunaazaniiionlszy 1uih Mvar]

% Tnaagegavesudazaniiisalszy liihgmitldfiosanasnaeumdd llhgudeluszuusmie T $a4uns
suumldneiinannmsgadevemdanm i lusgunswiie i lu g “Step 4 Size of FCS Tranformer.m”

v

% auge

gamdallsunsudwmSuasraevmdlihgadamazusedulaihluszuuswmineglvldh

o

minsdeumad lihgadenazus s lwifilusgunsmiie il dszneulide s 1ia (Saadat, 1999) Al

1. abusout.m Ao uarastoyavessyuy I nazwanismssians

2. alfnewton.m fin myAaams maveamad I Taeld35Hau-5 10 du
3. alfybus.m fin ManuealauAuFNNT NG

4. alineflow.m fin myAuaums aveamad I lumeds

5. afeeder Ao mtleudeyavesszunsmieTiih

Tagfidoyavosszuusmie ldihdmsunnaes liihwesandl Tdihunassaduuaasaalu lwdduuuin 1dun

“Feeder_data (1 Phase).xIsx” 11a¢ “Feeder_data (3 Phase).xIsx”

gamdelsunsudimiumssiassnansznuninmssalszy s vessooud i luszuusimie
1 uaznagninmssamamssailszy lWiiEvessosud i luszuusmiie i Tasld3sans

AguDUsHaIN

dedumsirasnansznunnmsomlszy iihvessooud i luszuosmie i uaznagninissanisns
satlszy llihwessasud i luszuusiine T Tasl¥ismsniuquuuuiladasin dwsuaariidadszy i 1 nsdl
v v
it 1 1)sznen Tl 9 Tl dail
A 9 o
1. abusout.m flo uarastoyaveszuy Wi nazwanismssiaes

2. alfnewton.m Ao msmurums lnaveamaa i Tag 19351 u-5 1l du
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3. alfybus.m fin ManuealiauauFuNIng

4. alineflow.m Ao Mmamulams mavesmaa lnihluenass

5.EVs load forecast.m Ao mimanzaimsus Inandsan Ihvessaoud Trldh luaoiiisadszq Invh
i

6. Run_EVs_load_forecastm 79 Iadmsuiuisnsninnisainisus Inandean Iihvessasud Il

anfioalszy i 1

7. Feeder_without EVs.m flo mstloudoyavesszuuimite
8. Feeder_with_EVs fo mstfloudeyavesszuusmite llihinlimsemlszq Trihvessneud livh
9. Feeder with EVs_fuzzy o mstloudeyavesszunsimitelwihiitinissaszy Ifhvessosud luih

uaznagnsmasamimsoatlizy ihvessooud i luszuudmite Tuih
Tagldasmsnauguuuuisdasin
10. Model FCS_fuzzy.fis Ao nuuiaesdmsunagnimivanismisadszy lfhwessasud i luszuy

sl TaelF3smsnruquuuuiladasin

5. EVs_load_forecast.m

%mstloudolya
fprintf(iter min kWh avg kWh max kWh num EVs  RMSE MAPE number fcs\n')

fprintf(" \n')

% NEV=10000; % $mausooud llihgege
km_EVs=zeros(1,NEV);

% auge

% msfnmIzezmMaauN 01T asud llihi aailsalszy It TaeldazunTasathelse amien - reeeee
for qqg=1:NEV

St=2.96;

SEnd=101.2227;

Rand=(SEnd-St).*rand(1,1)+St;

W _test=Rand;

km_EVs(15qq)=net(W _test); % szozmaaumave s ldsnoud lihiigmisadseq T km)
end
km_EVs=round(km_EVs);
% figure
% plot(1:NEV,km_EVs)

2
% auga

% ﬂ']iﬁ']u']’Ll!ﬁﬂ']uSGIJENLl,‘iJ(ﬂ!.G]ﬂéllﬁzﬁ'lﬂuﬂ‘éﬁ!ﬂ"l]ﬁ]\ﬁﬂﬂuﬂﬂlwﬁ“.
SOC=zeros(1,NEV);
Dmax=[100 110 130 130 130 130 140 150 165 170 300 340 350 450]; % szormagagavossnoud usazive
Full_SOC_kWh=[16 17 20 22 23 24 24 30 30 36 37 60 60 80]; % AnugueaLAMETYRaTnoud I uisaz i
NEV_Full SOC_kWh=zeros(1,NEV);
for qqg=1:NEV

ifkm_EVs(1,qq)<100

St=1;
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SEnd=14;
n=(SEnd-St).*rand(1,1)+St;
n=round(n);

Dm=Dmax(n);

SOC(1,qq)=SOC(1,qq)+(Dm-km_EVs(1,qq))/Dm)*100; % AUIATDIULVDLLANDITVDIT08UA 1T

NEV_Full SOC_kWh(1,qq)=NEV_Full SOC_kWh(1,qq)+Full SOC kWh(1,n); % o¥ievessaeud 1vvh

elseif 100<km_EVs(1,qq) && km_EVs(1,qq)<110
St=2;
SEnd=14;
n=(SEnd-St).*rand(1,1)+St;
n=round(n);
Dm=Dmax(n);
SOC(1,49)=SOC(1,qq)+(Dm-km_EVs(1,qq))/Dm)*100;
NEV_Full SOC kWh(1,qq)=NEV_Full SOC_kWh(1,qq)+Full SOC kWh(1,n);
elseif 110<km_EVs(1,qq) && km_EVs(1,qq)<130
St=3;
SEnd=14;
n=(SEnd-St).*rand(1,1)+St;
n=round(n);
Dm=Dmax(n);
SOC(1,qq)=SOC(1,qq)+(Dm-km_EVs(1,qq))/Dm)*100;
NEV_Full_ SOC_kWh(1,qq)=NEV_Full_SOC kWh(1,qq)+Full SOC_kWh(1.n);
elseif 130<km_EVs(1,qq) && km_EVs(1,qq)<140
St=7,
SEnd=14;
n=(SEnd-St).*rand(1,1)+St;
n=round(n);

Dm=Dmax(n);
SOC(1,qq)=S0C(1,qq)+(Dm-km_EVs(1,qq))/Dm)*100;
NEV_Full_ SOC_kWh(l,qq)=NEV_Full_SOC_kWh(1,qq)+Full SOC_kWh(l,n);
elseif 140<km_EVs(1,qq) && km_EVs(l,qq)<150
St=8;
SEnd=14;
n=(SEnd-St).*rand(1,1)+St;
n=round(n);
Dm=Dmax(n);
SOC(1,qq)=SOC(1,qq)+(Dm-km_EVs(1,qq))/Dm)*100;
NEV_Full SOC_kWh(1,qq)=NEV_Full SOC_kWh(1,qq)+Full SOC_kWh(1,n);
elseif 150<km_EVs(1,qq) && km_EVs(1,qq)<165
St=9;
SEnd=14;
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n=(SEnd-St).*rand(1,1)+St;
n=round(n);
Dm=Dmax(n);
SOC(1,4q)=SOC(1,q@)+(Dm-km_EVs(1,qq))/Dm)*100;
NEV_Full SOC kWh(1,qq)=NEV_Full SOC_kWh(1,qq)+Full SOC_kWh(1,n);
elseif 165<km_EVs(1,qq) && km_EVs(1,qq)<170
St=10;
SEnd=14;
n=(SEnd-St).*rand(1,1)+St;
n=round(n);
Dm=Dmax(n);
SOC(1,qq)=SOC(1,qq)*+(Dm-km_EVs(1,qq))/Dm)*100;
NEV_Full SOC_kWh(1,qq)=NEV_Full SOC_kWh(1,qq)+Full SOC_kWh(1,n);
elseif km EVs(1,qq)>170
St=11;
SEnd=14;
n=(SEnd-St).*rand(1,1)+St;
n=round(n);
Dm=Dmax(n);
SOC(1,qq)=S0C(1,qq)+((Dm-km_EVs(1,qq))/Dm)*100;
NEV_Full SOC_kWh(1,qq)=NEV_Full SOC, kWh(l,qq)+Full SOC_kWh(1,n);
end
end

2
0 auga

(4

% ﬂ15ﬁm:lmwﬁ"@muﬁﬁ'mmsé'ﬂﬂi:g'lw1}’h<=uaaiaaumﬂlwﬁﬁﬁmﬁﬁﬂﬂﬁgM% kW]
kWh_charge=zeros(1,NEV); % wﬁwm1’7‘\&%’1’@qmié”ﬂﬂiz@”lwﬂwminﬂuﬁ"lvlﬂwﬁﬁmﬁé”ﬂﬂizg"lwﬂw kW]
for AA=1:NEV
if SOC(1,AA)<50
kWh_charge(1,AA)=kWh_charge(1,AA)+(NEV_Full SOC_kWh(1,AA)-(NEV_Full SOC_kWh(l,AA)*SOC(I,AA)/100));
end
end
Number_soc 50=NEV_set;
KWhEV_charge=zeros(1,Number soc_50); % wéﬁﬂuﬁﬁ’mﬂ13é”ﬂﬂizfg"lWﬂwmmﬂuﬂ”lﬂﬁﬁﬁmﬁﬁ@ﬂigi;”lW% kW]
aa=0;
for qq=1:NEV
if kWh_charge(1,qq)>0
aa=aa+tl;
if aa<=Number_soc_50
kWhEV _charge(1,aa)=kWhEV_charge(1,aa)+kWh_charge(1,qq);
end

end



193

end
avg_ kWh_charge=sum(kWhEV_charge)/Number soc 50;
max_kWh_EVs=max(KkWhEV_charge);

min_kWh_EVs=min(kWhEV _charge);

2
% auga

% mavismausaoud ihiicusadszy i luamiisadszy llihiinaa o

time=1:72; % 1440 W17 1IAIMNNY 20 WIT 1AV 72 B9

% percent EV=[0.60.30.30.317.561055555312.512573332111];

percent EV=[0.20.20.2 0.1 0.1 0.1 0.1 0.1 0.10.10.10.10.320.320.32 ...
2.5252522243.323.321.661.66 1.66 1.66 1.66 1.66 1.66 1.66 1.66 ...
1.71.71.7 1.71.71.711142424242424223323323311...
11111110.70.70.66 0.66 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33];

% figure

% plot(time,percent EV)

num_EVsp_hr=zeros(1,72);

for qq=1:72

num_EVsp hr(1,qq)=num_EVsp_hr(1,qq)+(Number soc_50*percent EV(1,qq)/100);

end
num_EVsp_hr=round(num EVsp_hr); % $uausaeug IWihnisusalsyy iihluaaiisadszq lihinaiaa
% Tuga

) v
% msasmduuaniidalszy lhidinsan
number fes=1; % Swauanisalsey llihannson

2
% auga

% msasavaeuiuansasud lilihiidh 1S n1ssalszq i familsarszq i lumileu
num_EVsp_day=zeros(number_fcs,72);
nrr=0;
for qq=1:72
for bb=l:num EVsp hr(1,qq);
nrr=nrr+1;
num_EVsp day(nrr,qq)=num_ EVsp day(nrr,qq)+1;
if nrr==number_fcs
nrr=0;
end
end
end
Number_soc=sum(sum(num_EVsp day)); % a33vaey Tagnfisuiendusmausasud llihiidhldusmssadsezq i
aoniisadszq Tl luniieu = Number soc 50)

2
% auga

o myvinaanu Tulvh Ndeamssadsza I ldtusasud Iuihiinaiaig o
% ol fewn] )
kW_day mins=zeros(number_fcs,1440);

NEV _time_at FCS=zeros(number_fcs,1440);



kWh_day=zeros(number_fcs,72);
num_EVs_charge=zeros(number_fcs,72);
qq=1; ee=0;
for aa=1:number_fcs
for bb=1:72
if num_EVsp_day(aa,bb)>0
for cc=1:num_EVsp day(aa,bb)
ee=eetl;
if ee<=Number soc 50
kWh_day(aa,bb)=kWh_day(aa,bb)+kWhEV _charge(1,qq);
num_EVs charge(aa,bb)=num_EVs_charge(aa,bb)+1;
tst=((bb-1)*20)+1;
tev=tstH(kWhEV _charge(1,qq)*60/96); % %111 Charging ¥o31aa EV
NEV _time at FCS(aa,tst)=NEV_time at FCS(aa,tst)+1;
for zz=tst:tev
if zz<=1440
kW_day mins(aa,zz)=kW_day mins(aa,zz)+1;
end
end
qq=qqt1;
end
end
end
end

end

num_EVs_charge; % sausaoud lihiaaiisalsyq Ivlhde 20 ui

MW_EVs_charge=num_EVs_charge.*0.096;

MW _day mins=kW day mins.*0.096; % Traauassasud vh Mw Tuuday iy

0,

()

% msananatlumssalszy ldihvessnoud I
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time_charging=zeros(1,Number soc: 50); % time charging EVs

for qq=1:Number_soc_50
time_charging(1,qq)=time_charging(1,qq)+(kWhEV _charge(1,qq)*60/96);

end

min_time=min(time_charging);

avg_time=(sum(time_charging)/Number_soc_50);

max_time=max(time_charging);

0,

()

% MILAAINANITINADY

fprintf('%d ~ %.3f  %.3f  %.3f %d  %4f  %.4f

%d\n',iter,min_kWh_EVs,avg_ kWh_charge,max_kWh_EVs,Number_soc_50,RMSE,MAPE,number_fcs)



fprintf("\nmin_time avg_time max time (With charging EVs)\n')

fprintf("
fprintf(' %.3f  %.3f  %.3f\n',min_time,avg_time,max_time)
plot(x,output,'r',x,t)

figure

plot(1:NEV km_EVs)

% figure

% plot(time,percent EV)

figure

plot(1:1440,NEV _time at FCS)

0,
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\n')

(4

% nagnsmisanismisaszy liihvessooud llihluszuusmihe v Tael¥iEmsauguunndedasdn o

kW_day mins_fuzzy=zeros(number fcs,1440);
kW _day fuzzy=zeros(number fcs,72);
kW_EV_fuzzy=zeros(1,Number soc 50);
ee=0; qq=1;
for aa=1:number_fcs
for bb=1:72
ifnum_EVs_ charge(aa,bb)>0
for cc=1:num_EVs_charge(aa,bb)
ee=eetl;
if ee<=Number soc 50
if bb<72
Y%source code of a fuzzy inference system with 2 inputs, 1 output and 3 rules
a=newfis('tipper');
a=addvar(a,'input','Eev',[8 40]);
a=addmf{(a,'input',1,'Small','gaussmf',[4.8 8]);
a=addmf(a,'input’,1,'Medium','gaussmf,[4.8 24]);
a=addmf(a,'input!,1,'Big','gaussmf,[4.8 40]);
a=addvar(a,'input', Traffic',[0 10]);
a=addmf{(a,'input',2,'Light,'trimf,[-3-0 3]);
a=addmf(a,'input',2,'Medium','trimf,[2 5 8]);
a=addmf(a,'input',2,'Heavy",'trimf',[7 10 13]);
a=addvar(a,'output','Charging',[24 96]);
a=addmf(a,'output', 1,'Small','gaussmf,[ 12 24]);
a=addmf{(a,'output',1,'Medium','gaussmf',[ 12 60]);
a=addmf(a,'output', 1,'Big','gaussmf,[12 96]);
ruleList=[ ...
33311
32311
31211



23311
22211
21111
13211
12111
11111];
a=addrule(a,ruleList);
% showfis(a);
showrule(a);
kW_EV_fuzzy(1,qq)=evalfis((kWhEV _charge(1,qq) num_EVs_charge(aa,bb+1)], a);
kW_day fuzzy(aa,bb)= kW_day fuzzy(aa,bb)+kW_EV_fuzzy(1,qq);
tst=((bb-1)*20)-+1;
tev=tst+(kWhEV_charge(1,qq)*60/kW_EV_fuzzy(1,qq)); % %1a1 Charging ¥04Aas EV
for zz=tst:tev
if zz<=1440
kW _day mins_fuzzy(aa,zz)=kW_day mins fuzzy(aa,zz)+kW_EV_fuzzy(1,qq);
end
end
qq=qqt1;
else
Y%source code of a fuzzy inference system with 2 inputs; 1 output and 3 rules
a=newfis('tipper');
a=addvar(a,'input','Eev',[8 40]);
a=addmf(a,'input’,1,'Small','gaussmf',[4.8 8]);
a=addmf(a,'input',1,'Medium','gaussmf,[4.8 24]);
a=addmf(a,'input’, 1,'Big','gaussmf',[4.8 40]);
a=addvar(a,'input',' Traffic',[0 10]);
a=addmf(a,'input’,2,'Light','trimf',[-4 0 4]);
a=addmf(a,'input’,2;'Medium','trimf,[2 5 8]);
a=addmf(a,'input',2,'Heavy",'trimf,[6 10 14]);
a=addvar(a,'output','Charging',[24 96]);
a=addmf{(a,'output',1,'Small','gaussmf',[ 12 24]);
a=addmf(a,'output',1,'Medium','gaussmf',[ 12 60]);
a=addmf{(a,'output,1,'Big','gaussmf,[ 12 96]);
ruleList=[ ...
33311
32311
31211
23311
22211
21111

196
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13211
12111
11111];
a=addrule(a,ruleList);
% showfis(a);
showrule(a);
kW_EV_fuzzy(1,qq)=evalfis((kWhEV _charge(1,qq) num_EVs_charge(aa,1)], a);
kW _day fuzzy(aa,bb)=kW day fuzzy(aa,bb)+kW EV fuzzy(l,qq);
tst=((bb-1)*20)+1;
tev=tstH(kWhEV _charge(1,qq)*60/kW_EV_fuzzy(1,qq)); % %1301 Charging VoAay EV
for zz=tst:tev
if zz<=1440
kW _day mins_ fuzzy(aa,zz)=kW day mins fuzzy(aa,zz)+kW_EV_fuzzy(l,qq);
end
end
aq=qqt1;
end
end
end
end
end
end
MW _day mins fuzzy=kW_day mins_fuzzy./1000; % [1440 mins]
MW _day_fuzzy=kW_day_fuzzy./1000; % [72]

2
% auga

% mamna lumsoalszq dhvessoeud Wi Taelinagninissanmsmsdalszy Iihvessaeud I luszuudmine

Tih Tael333 msmunuuuuilsdaein
time_charging fuzzy=zeros(1,Number_soc_50); % time charging EVs with Fuzzy logic
for qq=1:Number soc_50

time_charging_fuzzy(1,qq)=time charging_fuzzy(1,qq)+(kWhEV_charge(1,qq)*60/kW EV fuzzy(1,qq));
end
min_time_fuzzy=min(time_charging_fuzzy);
avg_time fuzzy=(sum(time charging fuzzy)/Number soc 50);
max_time_fuzzy=max(time_charging_fuzzy);

2
% auga

% MILAAINANITNADY

fprintf("\n min_time avg time max_time (With charging EVs with Fuzzy logic)\n')
fprintf(" \n')
fprintf('%.3f  %.3f  %.3f\n\n',min_time fuzzy,avg time fuzzy,max_time fuzzy)

2
% auga
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6. Run_EVs load forecast.m

L 9 9
% Limumiﬁaumay’a

Stop=1; % idou lumangansizoudinduvesszuuTasstieszamifion ile RMSE < 1
NEV_set=240; % $1ausaoud Ll 19us msfiganiisadszq llihil 1 luniietu
NEV=5000; % samsausaoud IR FRnsangaga

nnn=1000; % G%Whﬁiﬁuauiauqaq;ﬂumimiﬁﬂufq’ﬂﬂﬂlumaﬁzuuTﬂiﬁhﬂﬂizmmﬁﬂu

% fuga

% msiseuiinduvesszun lasaelszamiion
for iter=1:nnn
km=0:322; % AnuizEluvesszez MU km voadlds0sua Tl lunaas fu
=0.0296*exp(-0.0296.*km);
=0.0296*exp(-0.0296.*km)*100;
W_percent=zeros(1,323);
for qq=1:323
W_percent(1,qq)=W_percent(1,qq)+f(1,qq);
if qq<323
f(1,qq+1)=f(1,qq+1)+f(1,qq);
end
end
x=W_percent;
t=km;
% plot(t,x)
net = fitnet(10);
net = train(net,x,t);
% view(net)
output=net(x);
% figure
% plot(x,output,'r',x,time)
RMSE=mse(net,t,output); % N13AIUIY Root Mean Square Error : RMSE
e=t-output;
MAPE=mae(e); % N13A1HIY Mean Absolute Percentage Error
if RMSE<Stop
break;
end

end

2
% auga

% Maison1Fuyamda EVs_load_forecast.m

EVs_load_forecast

2
% auga
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gamd IlsunsudmsumsdSulyeadlsenoumas lihluszuudmie T

dedumsdiulyesmdnlszneumas ihluszuusimine T dwmsuaoiiicadszy i 1 nsain 1 Tagld

v v
Tmamnlszansmmuuuw (Miralili, 2018) Usznou 1@ 13 Inld dail

1. abusout.m Ao uanateyavesszun v uazwamsmssiaes

2. alfnewton.m Ao mamurams lvaveamaa W lag 1435 du-swdu

3. alfybus.m fio MIMueANALAUTILNT NS

4. alineflow.m fin mamuams Inavesmaa lwihluaaes

5. alineflow_EV.m Ao msfuums Inavesias I luaiods Taslisnsud llhsaszy v
6. func_plot.m Ao mMyndeani

7. Get_Functions_details.m Ao Mandungilszasduazdoiinia

8. initialization.m fio maGuAulsznnIgauInvsFImUMIAU

9. WOA.m Ao nszvaumsdmiuIsmamulssans e

10. WOAmain.m fio matloudeyarmiimesuazzurhan

11. Feeder without EVs.m Ao mstloudeyaveszuusmie i

12. Feeder with EVs.m fo miﬂ@u‘ﬁlﬂnqmmQ‘Jz‘uUﬁ1ﬂﬂ181ﬂﬂ1ﬁﬁﬂ1i5ﬂﬂizngWﬁWmmﬂuGﬂWWW

o o w o ' o &
13. Location_and_size of C.m ﬁf’) ﬂmmmwamimaaemmumgmumammmmwmmuﬂiz@

7. Get_Functions_details.m

' Jo o L4
% MymAlansuIngsya

function [lb,ub,dim,fobj] = Get Functions_details(F)

fobj = @F;

b=1; % ﬂ'wamﬂmﬁwqﬂ
ub=28; % ANYDUIUAGIYA
dim=10; % uauals

end
function o = F1(x)
size Mvar=[0 0.150 0.300-0.450 0.600 0.750 0.900 1.050 1.200 1.350 1.500 1.650 ...
1.800 1.950 2.100 2.250 2.400 2.550 2.700.2.850 3.000 3.150 3.300 3.450.3.600 ...
3.750 3.900 4.050]; % Wnavo A 1Tz
Kc_Mvar=[0 0.5 0.35 0.253 0.220 0.276 0.183 0.228 0.170 0.207 0.201 0.193 0.187 ...
0.2110.176 0.197 0.170 0.189 0.187 0.183 0.180 0.195 0.174 0.188 0.170 0.183 ...
0.182 0.1791¥1000; % mlFnevesgadunilszy
x=round(x);
Feeder_with_EVs
QCtt=sum(busdata(:,11));
Cost_C=0;
for tpp=1:size(busdata,1)-1

Cost_C=Cost_C+(Kc_Mvar(x(tpp))*size_Mvar(x(tpp)));



end

0=(Cost_EVs_loss_yr+Cost_grid loss_yr+Cost C)*32.84;

0,

% Alanduingiszasn (19=32.841)

(4
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% m3mvuatesina
c0=[J;

% c0(1)=-Pgt+Pdt; % <=0 type constraints
c0(1)=-6.45+QCtt;
c0(2)=-1.05+Voltage 1 max;
¢0(3)=-1.05+Voltage max;
c0(4)=0.95-Voltage 1 min;

¢0(5)=0.95-Voltage min;

0,

% vouwaus iy lilihgege Taolisaeud i
% vouwausanu llihgege Taolifisagud lilvh
% vouwausaau lilihdga Taoiisngud Irlvh

% vouwausau lilihdga Taolifisooud vh

(4

% MsdSuTny deuveuvatediia
for i=1:length(c0)
if c0(1)>0
c(i)=1;
else
c(1)=0;
end
end
penalty=10000000; % penalty on each constraint violation
o=o-+penalty*sum(c); % fitness function

end

0,

(4

13. Location_and size of C.m

o 9 ¥ o [ v 3
% ﬂ']illﬁﬂ\iNaﬂ'ﬁi]']ﬁ@\iﬁ']‘ﬁill(ﬂ'lllﬂuQllﬁgmu1ﬂﬂlﬂi°§ﬂﬁﬁlﬂﬂﬂi$'§

size Mvar=[00.150 0.300 0.450 0.600 0.750 0.900 1.050 1.200 1.350 1.500 1.650 ...

1.800 1.950 2.100 2.250 2.400 2.550 2.700 2.850 3.000 3.150 3.300 3.450 3.600 ...

3.750 3.900 4.050];

v &
% YUIAVDIYAA BN VYTEY

Ke¢_Mvar=[0 0.5 0.35 0.253 0.220 0.276 0.183.0.228 0.170 0.207 0.201.0.1930.187 ...

0.211 0.176 0.197 0.170 0.189 0.187 0.183 0.180 0.195 0.174 0.188 0.170 0.183 ...

0.182 0.179]*1000;
qe=1;
bus_install C=[];
Capacity C=[];
Cost_Cc=[];
Cost_Cc=0;
Best_pos=round(Best_pos);
for tend=1:10

if Best_pos(tend)>1

' 3 v
% mldnevesgadunuilizy



bus_install C(qe)=tend+1;
Capacity C(qe)=size_Mvar(Best_pos(tend));

Cost_Cc=Cost_CcH(Kc Mvar(Best_pos(tend))*size Mvar(Best_pos(tend)));

qe=qe+1;
end
end
bus_install_C % ﬁmwﬂﬁﬁm‘?@‘mﬁmﬁuﬂiz@
Capacity C % YnagaR R TEq
Cost_Cc % A lFovosgad iy

0,

(4
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Supervision Strategy to Mitigate the Effect of Electric Vehicles
(EVs) Charging Load on Power Distribution System Operations

N. Chartsuk', B. Marungsri'"*

Abstract — — In a fast charging station (FCS), electrical energy is supplied to rapidly charge

electric vehicles (EVs). EV charging station acts as the load to the power distribution system,
and the large-sized charging activity may bring an effect on the power distribution system. In
this paper, an approach to forecast the characteristic of power consumption due to EVs
charging has been studied by using Monte Carlo and Artificial Neural Network (ANN)
method. The traveling distance of EV users, the state of charge (SOC) of EV battery, and the
arrival time to the FCS have been considered in this study. The proposed mathematical
equation was used to determine the number of FCS in the area. Finally, a Fuzzy supervisor
design methodology has been applied to model supervision strategy in order to reduce the
effect on the power distribution system by considering the electric energy demand of EV and
number of EV to be charged. Thus, the obtained results indicate that the effect of EVs
charging on the power distribution system increases voltage fluctuation and power losses. A
supervision strategy can mitigate the effect of EVs charging on the power distribution system.

Keywords: Monte Carlo, Artificial Neural Network, Fuzzy Supervisor Design Methodology, Fast

Charging Station, State of Charge

| Nomenclatures

ANN Artificial Neural Network
ESS Energy Storage System

EV Electric Vehicle
FCS Fast Charging Station
PV Photovoltaic

RES Renewable Energy Source

Nele State of Charge

%SOC  State of charge in %

Durive Distance traveled of EV in km

Diax Maximum distance of EV in km

Eeap Nominal capacity of EVs given by the
manufacturers in kWh

Eey Energy demand of EV at the FCS in kWh

fix) Weighted - probability of the daily driving
kilometers of the vehicle in %

Neharger - Number of chargers in FCS

Nres Number of FCS

Nservice . Number of services of the charger in an hour

NB Number of the bus in a power distribution

system

NEV; Number of required EVs charging for each
houri

Pey Power of charger delivered to the EV in kW

tenarsing  Time of EV charging-atthe FCS in h

Vi Voltage at bus 7in per unit

Viatea A nominal voltage of power distribution system
in per unit

x Daily driving kilometers of the vehicle in km

Manuscript received January 2013, revised February 2013

II. Introduction

Nowadays, an electric vehicle (EV) has become the
best substitute for internal combustion engine cars in the
transportation system [1], [2]. The major advantage is
that EV produces less pollution and hence it is
environmentally  friendly —compared to internal
combustion engine cars. An EV requires electricity from
a battery which needs recharging by plugging it to the
source of electricity at charging station and the time
required for recharging (about 20 min to 8 h which are a
long time [3]) is the significant disadvantage associated
with EV. Therefore, the fast-charging station (FCS) is of a
great importance for recharging. If the time for charging
became less than half an hour, FCS would expectedly
replace traditional gas stations in the future [4], [S]. The
FCS requires a tremendous amount of power connected
to the power distribution system as shown in Fig. 1,
which may cause massive electricity consumption peaks
in the power distribution system [6]<[9].. The massive
electricity consumption of EVs affects voltage drop and
power losses in distribution system [10]-[13]. For years,
researchers have worked to study the effect of EVs
charging and to evaluate the effect of EVs charging on
the power distribution system [14]. The effect of EVs
charging -on. the power distribution system cannot be
neglected. Therefore, it needs detailed investigation about
the effect of EV charging on voltage stability, power
losses, reliability, and economics of power loss [15],
[16].

Copyright © 2013 Praise Worthy Prize S.r.l. - All rights
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Fig. 1. The basic structure of the FCS

Transformer

The effect of EVs charging on the power distribution
system is investigated by using different load profiles, the
majority of the studies for EVs charging load on the
power distribution system is a simulation, in order to
generate EVs charging profile such in [17], [18]. The
author in [17] has proposed a load forecast method of
EVs charging on the freeway, the EVs charging load of
each FCS on the freeway has been obtained -from
considering the information interactions between the
FCSs and EV users. As well as the author in [18] has
proposed a Monte Carlo method to assess EVs charging
profile in power distribution system by considering the
state of charge (SOC) of EV battery, the charging time
and the arrival time to charging station of EVs. The EVs
charging profile has been applied to analyze the impact
on the voltage profile in the power distribution system;
the results suggest that the voltage drops in the power
distribution system [18]. It has been shown that the EVs
charging profile has the guiding significance for the
planning and operational improvement of the FCSs in the
future. The author in [19] presents the effect of EVs
charging based on customer charging behaviors in a
power distribution system. It has been observed that the
impact on node voltage behavior depends mainly on the
behavior of EV users such as start time and duration of
EV recharge [19]. Therefore, the behavior of EV users is
a key parameter to estimate the effects of EVs charging
on the power distribution system. The author in [20] has
investigated the key parameters to estimate the behavior
of EV users on highways by using Monte Carlo method,
to find statistical information on the behavior of EV users
at FCS on highways by considering the size of EV
batlteries, the SOC of EV batteries, and the traveling
speed of EVs [20].

The purpose. of{21], [22] has been to determine the
optimal place and size of FCS, which is beneficial to EV
users, FCS ‘developers, and.the power distribution
system. In order to reduce the effect.of EVs charging on
the power distribution system, [23];-[24] have proposed
the application of energy storage system (ESS) in FCS to
reduce operational costs of FCS and to alleviate adverse

Copyright © 2013 Praise Worthy Prize S.r.l. - All rights reserved

effect of FCS on the power distribution system. The FCS
integrated with photovoltaic (PV) and ESS, can
effectively perform energy management in the EV
charging station [25]. Moreover, the renewable energy
sources (RESs) for EV charging station are composed by
PV system and wind energy system as well as ESS. The
propose of [26] has been to improve power management
approach of a hybrid energy system with RESs (PV and
wind energy system), in order to balance load demand of
the charging station.

Recent studies [21]-[26] have shown many important
strategies to mitigate the effect of EV charging on the
power distribution system, as well as economic losses.
But the drawbacks of RES and ESS for EV charging
station are the high investment cost and the fact that it is
not suitable for some areas. Therefore, this paper focuses
on the forecast of EVs charging profile, to lead to the
planning and operational improvement of the FCSs by
supervision strategy, to reduce the effect of EVs
charging.

In this paper, an approach is proposed to forecast the
characteristic of power consumption due to EVs charging
by using Monte Carlo and Artificial Neural Network
(ANN) method, the traveling distance of EV users, the
SOC of EVs battery, and the arrival time at FCS has been
considered in this study. The proposed mathematical
equation is used to determine the number of FCS in the
area. Finally, a Fuzzy supervisor design methodology is
applied to model supervision strategy to reduce the effect
on the power distribution system by considering the
electric energy demand of EV and number of EV to be
charged.

This paper is organized as follows. Section III
describes Methodology. Section IV describes the system
model. Section V shows the simulation results and
discussion. The conclusion is in Section VI.

III.  Methodology

In this section, the voltage deviation, the Monte Carlo
method, the Artificial Neural Network Method, and the
fuzzy supervisor design methodology are explained.

1I1. Voltage Deviation Index

As well known, the voltage deviation indicates the
stability in the power distribution system. The variation
of voltage affects the power distribution system and may
result in a blackout condition. The amount of voltage
deviation from the rated voltage can be calculated as
[27].

VID:§|V’WWI_V'I (1)

i=l rated

111.2. Monte Carlo Method
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Monte Carlo method uses statistical simulation
integrated with Artificial Neural Network method to
approximate daily driving kilometers of EV. Monte Carlo
method simulates the problem by using a random number
or generating a random number. Monte Carlo method
includes the following steps [28],

1. Determining the statistical properties or outcome of
possible inputs.

2. Determining possible inputs which follow the
outcome in 1.

3. Determining the range of numbers refers to possible
outcomes which follow the possible inputs in 2.

4. Generating random numbers based on possible
outcomes.

5. Analyzing the results statistically.

H1.3. Artificial Neural Network Method

A neural network is an attempt to simulate the brain,
which can pattern recognition or data classification
through a learning process. The architecture of neural
networks consists of three nodes; input nodes which
receives inputs, hidden nodes which gather the inputs and
weight values to perform nonlinear processing to
generate a result then sent to output nodes, and-output
nodes which show the outputs [29].

H1.4.  Fuzzy Supervisor Design Methodology

The fuzzy logic is a method of reasoning that
resembles human reasoning or imitates the way of
decision making in humans. The fuzzy supervisor design
methodology has seven steps [30]:

1. Defining the system specifications, such as the
objectives, constraints, and means of action.

2. Defining the supervisory structure, the inputs, and
the outputs.

3. Defining the functional graphs, a representation of
the operating modes is proposed.

4. Defining the membership functions, representation
of each variable of the fuzzy supervisor.

5. Defining the operational graphs, representation of
the fuzzy operating modes is proposed.

6. Defining the transition of the operational graphs to
the particularly fuzzy rules.

7. Defining the indicators, which can estimate the
achievement of objectives.

LV. System Model

In this seéction, ‘a~detail of the power distribution
system and EVs model is. shown. The probability of a
vehicle’s daily kilometers;.the SOC-of EV battery, and
the arrival time of EVs at FCS are explained. The
proposed mathematical equation determines the number
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of FCSs in the area. Finally, the procedure of forecasting
energy demand of EVs and the supervision strategy are
explained.

1V.1. Power Distribution System

Using test system data of radial distribution system
with 13 buses, whose single line diagram is shown in Fig.
2 and the detail is illustrated in [31]. The load curve of
the typical day of the radial distribution system with 13
buses indicates electrical energy consumption of
electricity users during a day without EVs charging loads
as shown in Fig. 3.

Uiy Busl B2 Bus3  Busd  Bus5  Buse

0.8IMW  0.63IMW  LIIMW
047Mvar 0.47Mvar  0.76

0.64 MW 0.47 MW
038 Myar 034 Mvar

Bus 7

134 MW
108 Myar'

Bus 8 Bus9

Bus 13

0.69 MW

LI2MW a0
0.19 Mvar 092 MW

0.48 Mvar

Bus 12 Bus 10
1.29 MW 066 MW
055 Mvar 048 Mvar

Fig. 2. The single line diagram of a radial distribution system with 13
buses

) 180 360 540 720 900 1080 1260 1440
Time, t [mins]

Fig. 3. The load curves of the typical days of the radial distribution
system with 13 buses

IV.2. Electric Vehicle Models

A nominal capacity of EVs given by the manufacturers
is the number of kilometers EV can travel. The
commercial EVs (models 2015-2017) capacity are shown
in Table I [32].

IV.3.  The probability of a Vehicle Daily Kilometers

In this paper, daily driving Kilometers of vehicle-based
on the real mobility data’ [33] are assumed to have an
exponential  distribution  [34].  The exponential
distribution can be expressed as follows,
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7 (x)=(0.0296¢"%%%)x100%, x20 )

From equation (2), the distribution of the probability of
a daily vehicle kilometer is as shown in Fig. 4. Moreover,
Fig. 5 shows the cumulative weighted probability of daily
kilometers.

TABLE I
THE COMMERCIAL EVS EMODELS 2015-2017) |3a
Models 2015-2017 Battery [kWh] Range [km]
Mitsubishi i-MiEV 16 100
Smart Electric 17 110
Chevy Spark EV 20 130
BMW i3 22 130
Ford Focus EV 23 130
Fiat 500e 24 140
Leaf 24kWh 24 130
Leaf 30kWh 30 165
Kia Soul EV 30 150
Mercedes BClassEV 36 170
VW eGolf 37 300
Tesla S 60 60 340
Tesla model 3 60 350
Tesla modelS80 80 450
3 T T T T T T
- 25 o
®
> ol ]
o
E
S 151 4
Q
3
£ 1r d
o
[
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0 r L
0 50 100 150 200 250 300 350
Daily driving kilometers [km]
Fig. 4. The probability distribution of daily driving kilometers
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Fig. 5. The cumulative weighted probability of daily driving kilometers
1V.4.  State of Charge

The state of charge (SOC) of the battery is equivalent
to the energy gauge of battery in EV, which is an
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indicator of traveling distance or maximum traveling
distance of EVs. The SOC can estimate the energy
requirement of the EV battery at FCS. The SOC can be
calculated as follows [18],

DD,

%SOC = —mx__drive , 1009 (3)

‘max

IV.5.  Arrival Time at Fast Charging Station

The arrival time of the vehicle at a petroleum fueling
station based on real mobility data is shown in [18], [35].
In this paper, the arrival time of EVs at the FCS during a
day is given in Fig. 6.

2

0 T T T T R T T T T T T T T T TR T N R ]

Percentage of vehicles in a given hour [%]

0
01234567 89101112131415161718192021222324
Arrival ime at petroleum fueling station, t [hr]

Fig. 6. The arrival time of vehicles at petroleum fueling station [35]

IV.6.  Determination of the Number of Fast Charging
Station in Area

In the power distribution system, there is a transformer
which decreases the primary distribution voltage (Step
down) to low-voltage to supply electric energy to the
FCS. The basic structure of FCS connected to the power
distribution system is shown in Fig. 1. This paper
proposes a mathematical equation in order to determine
the number of FCSs in an area, which can be calculated
from a maximum number of required EVs charging
during an hour and a number of EVs that can be charged
in an hour at FCS. Mathematically,

max(NEV,)
N, x N,

charger

Npes = ,i=12,...,24 4)

service

IV.7. Forecasting energy demand of EVs

In this paper, three cases are proposed for a case study.
Each case consists of three scenarios without EVs
charging, with EVs charging with the rated power of each
charger that.is 96 kW [21], and EVs charging with the
supervision strategy. These cases are as follows,

[ Case 1: 5,000 EVs in the area.
M Case 2: 10,000 EVs in the area.
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M Case 3: 15,000 EVs in the area.

The probability of the number of EVs in the area
based on the vehicle's sales and people in the area is
shown in [22]. In this paper, three cases have been
proposed to compare the effect of EVs charging on the
power distribution system when a different number of
EVs are present in the area.

350 T T T T T T T T T T

I The targat data defining deelred netwari output
b |= — = The outputs of ANN i

@
3

¥

- N
g 3

Daily driving kilomatera [km]
g

i

e

o

0 10 20 30 40 5S¢ 60 7¢ 80 80 100
Cumulative weighted probability [%]

g

Fig. 7. The comparison between the target data defining the desired
network output and the outputs of ANN training

ANN Method with a two-layer feed-forward neural
network with hidden sigmoid neurons and linear output
neurons has been used to analyze the problem. The
Levenberg-Marquardt algorithm trained the network. The
input data to represent the network of this paper is the
percentage of cumulative weighted probability. The
target data, defining desired network output are the daily
driving kilometers of the vehicle. The simulation result of
the process of training a neural network based on-a set-of
inputs to produce an associated set of target outputs is
shown in Fig 7. Once the ANN has fit the data, it forms a
generalized relation between input and output, and it can
be used to generate outputs for not trained input.

The procedure of operation of this model for three
cases is shown in Fig. 8. At first, the data inputs are
initialized. After that, the Monte Carlo method is
employed to select values of inputs which are the
percentage of cumulative weighted probability randomly.
The inputs are sent to input nodes of the ANN method.
The inputs are used to generate outputs to test the neural
network then sent to output nodes. The outputs of the
ANN method are the daily distance traveled by EVs.
Then, the random determination of the EVs model is
carried out by investigating daily distance traveled by EV
and«the number of kilometers that EV can travel, given
by the manufacturers by calculating the SOC of EVs
battery. In this paper, it is assumed that if the SOC of
EVs is less than'50%, then.the EV users will go to FCS.
After that, the energy demand of EVS has been calculated
by using equation (5), and charging duration depend on
the SOC of EV battery. The number of EVs charging at
the FCS in each hour was calculated according to the
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percentage of vehicles arrival time to petroleum fueling
station [35]. After that, the number of FCSs in the area is
determined by using equation (4). Then, a bus of the
power distribution system has been selected for
installation of the FCSs. The bus of the power
distribution system was selected by assuming to be an
optimal location. The optimal location to install FCSs
should have minimum investment cost, the suitable
traveling distance between EV users and FCSs, and
minimum power loss of the power distribution system
with EVs charging [21], [22]. Then, the charging profile
of EVs is generated, and the Fuzzy supervisor design
methodology in a supervision strategy is applied to
reduce the effect on the power distribution system.
Finally, the power flow analysis is solved by using
MATLAB R2014a programming to investigate the
voltage profile and the power losses by using Newton-
Raphson power flow method [36].

The energy demand of EV (E.,) at the FCS and time of
EV charging (1) can be calculated by

E,, = E,py~(Eyy xSOC) ®)
E,
T ©)

ev

IV.8.  Fuzzy supervisor design

The fuzzy supervisor design methodology has seven
steps:

1. The system specifications

Objective: reducing peak-load of EVs charging
consumption.

Constraint: the battery must reach the full charging
status before the next EV come to charge.

Means of action: the power of charging.

In this paper, the objectives, the constraints, and the
means of action are considered and implemented within
the supervision strategy. The supervision strategy aims to
control the power of EVs charging to reduce peak-load of
EVs charging consumption and the battery must reach the
full charging status before the next EV come to charge.

2. The supervisor structures

The energy demand of EV at a fast charging station
(E.) is the first input. The second-one is a number of
queues of EVs calculated by statistical methods with a
probability forecasted in advance for 20 mins (Niagic).
The value of the E., is-estimated by integrating the EV
power “consumption (Pejarging) delivered to the EV
(P criarging 18 supervisor output). The supervisor structure is
shown in Fig. 9.
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Case 1: 5,000 EVs in area

Case 2: 10,000 EVs in area

Case 3: 15,000 EVs in area

Initialize the input

- The number of EVs in area (For each case)

- Percentage of cumulative weighted probability of daily driving kilometers (From Fig.5)
- The data of commercial EVs (models 2015-2017) (From Table I)

- Percentage of vehicles of the arrival time at petroleum fueling station (From Fig. 6)

Random the percentage value of cumulative weighted probability
by using the Monte Carlo method

Calculate the daily distance travelled of EVs by using ANN method

Random the commercial EVs model

Calculate the energy demand of EVs and time required for recharging by using Eqs. (5) and (6)

v

EVs starting to charge at various time is based on the arrival time of
vehicle at petroleum fueling station (Fig. 6)

Calculate Nycs by using Eq. (4) and selecting bus of the power
distribution system to install the FCSs

The supervision strategy Generate EVs charging profile

Manuscript received January 2013, revised February 2013

Solve power flow by MATLAB R2014a programming
] : : N © End
to investigate the voltage profile and power losses

Fig. 8. The procedure of operation of this model for three cases
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Power Distribution System Supervision Strategy
Me
Niratric
7
7 Panaging
Fe
r s

Perarging EV

3 )
S

Charging Stations
Fig. 9. Structure of the supervision strategy

3. The functional graph
The fuzzy mode component is used to adjust the EV
power consumption (Pearging) delivered to the EV of the
supervisor output depending on the energy demand of EV
(E.y) and a number of the queue of EVs with a probability
forecasted in advance (Nyugic). The structure of the fuzzy
mode system is shown in Fig. 10.

Ee

—> Pchxging
Niatic >

—>

Fig. 10. The fuzzy mode system configuration

4. The membership functions

The inputs of the membership functions” ensure the
transitions between each output state (Pemarging). Each
fuzzy set is used to represent a state of the variable as
shown in Fig. 11-13. The energy demand of EV (E.,) can
be small, medium, or big.

Similarly, a number of queues of EVs with a
probability forecasted in advance (Ni.pc) can be light,
medium, or heavy. Moreover, the output of the supervisor
(Packaging) can be small, medium, or big. Gaussian
membership functions and triangular membership
function are used to represent different fuzzy sets.

Smal Medum Bia

Degree of mgmbership

S ¥ o -

15 0 2 b

Energy demand of EV. Eev-(kWh)

Fig. 11. Characteristic parameters of the membership functions of
variables Eev

Manuscript received January 2013, revised February 2013

ight Uadim Fefy

Degree of membership

Number of queue of EVs, Ntraffic

Fig. 12. Characteristic parameters of the membership functions of
variables Ningic

Hodum By

EV power consumption, Pcharging [KW]

Fig. 13. Characteristic parameters of the membership functions of
variables Pcharging

5. The operational graph
The fuzzy sets of input variables determine the
operating modes. The operational graph, representation
of the fuzzy operating modes is designed by the author in

this paper as shown in Fig. 14.

Eevis small and Naffic is heavy,
Eev is medium and Niraffic is medium,
or Eev is big and Niraffic is light

Pcharging is small

Eev is small and Nuraffic is light/Medium,
or Eev is medium and Nuraffic is light

Eev is big and Nraffic is heavy/Medium,
or Eev is medium and Niraffic is heavy

Fig. 14. Operational mode

6. The characteristic fuzzy rules
The transition-of the'operational graphs (Fig. 14) to the
particularly-fuzzy rules of the fuzzy supervisor is:
M1 IfE.; i8 big and Nigc is heavy, then Pearging is
big.
U If E., is big and Nyqgic is medium, then Peparging is
big.

Copyright © 2013 Praise Worthy Prize S.r.l. - All rights
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M If E., is big and Nyggic is light, then Peuarging is
medium.

M If E., is medium and Ny is heavy, then Penarging
is big.

U If E. is medium and Nype is medium, then
Pharging is medium.

0 If E. is medium and N.p is light, then
Pcharging is small.

0 If E., is small and N, is heavy, then Paging is
medium.

M If E., is small and Nyqpic is medium, then Peharging
is small.

U If E,y is small and Ny is light, then Pejarging 18
small.

After that the fuzzy rules have been designed, it is
possible to assess the outputs of the supervisor. Fig. 15
shows the formation of the characteristic surface of the
fuzzy system which has been simulated by the
extrapolation ~ system, which requires ~numerical
processing of various operators used by the fuzzy logic.
The characteristic surface represents the values assigned
to the EV power consumption (Pcrarging) Of the fuzzy
modes.

7. The indicators
From the system specifications, the objective is to
reduce power consumption of EV charging (Peharging)-
Two indicators make it possible to define the objectives,
energy demand of EV at FCS (E.,) and EV battery must
reach full charging status before the next EV comes to
charge.

. o
o 10 Eev [kWh]

Fig. 15. Characteristic Surface of the Fuzzy System

V. . Simulation Results and Discussion

Resultsaare separated into four parts; the first one is the
determination of the number of FCSs.in the area and the
number of EVs charging in a day. The second one shows
the load profile of the power distribution system during a
day. The third one shows the voltage profile in the power
distribution system. The fourth part regards the peak-load

Copyright © 2013 Praise Worthy Prize S.r.l. - All rights reserved

of the power distribution system, the voltage deviation,
and the energy loss in the power distribution system.

In the first part, if it is known, a maximum number of
required EVs charging at the same time during an hour,
the determination of the number of FCS in the area can
be calculated from equation (4). The essential data have
been defined, the number of chargers in the FCS (Nenarger)
have been defined as eight chargers. The number of
services of the charger (Nienice) was defined as three
times within an hour due to the average time of EV
charging less than 20 mins as shown in Table II. The
calculated results of a number of FCSs for three cases are
shown in Table III. Then, a bus of the power distribution
system is selected to install the FCSs.

The number of EVs starting to charge at a various time
is based on the arrival time of the vehicle at a petroleum
fueling station [35]. The number of EVs starting charging
at various time for three cases is shown in Figs. 16-18.
Case 1 (5,000 EVs in the area) has 458 EVs charging in a
day, case 2 (10,000 EVs in the area) has 898 EVs
charging in a day, and case 3 (15,000 EVs in the area)
has 1310 EVs charging in a day. Form Figs. 16-18, it is
assumed that there is an equal number of EV in each
FCS.

TABLEII
ANALYSIS OF TIME OF EV CHARGING FOR THREE CASES
——
Time of EV charging Min. Avg. Max.
Time of EV charging [mins] 5.10 10.28 21.88

Time of EV charging with the

Sup: sion strategy mins |

TABLE I
THE RESULTS OF A NUMBER OF FCSS FOR THREE CASES

8.52 18.94 42.70

Cases 1 2 3
Number of FCSs 3 5 T
BustoinstallheFCSs 2611 2Ot 246940
T T ———

i

7
1
gﬁ

;
8
¥

o

180 260 540 720 900 1080 1260 1440
Time, t [mins]

Fig. 16. Thenumber of EVS starting to charge at various time for case
1
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Fig. 17. The number of EVs starting to charge at various time for case
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Fig. 18. The number of EVs starting to charge at various time for case
3

In the second part, the SOC of EVs has been
considered. In this paper, assumed that if the SOC of EVs
is less than 50%, then the EV user will go to the charging
station whose charging duration depends on the SOC of
EV. The load profile with EVs charging depends on the
SOC of EVs, starting time of EVs charging on arrival at
FCS, charging period of EVs, the power of charger, and
the number of EVs charging in a day. The load profile of
the power distribution system for three cases is shown in
Figs. 19-21, respectively.

13 T T T T T T T
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gNf ]
=
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. — togy
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Time, ¢ [ming]

Fig. 19. The load profile of the power distribution system for case |
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Fig. 20. The load profile of the power distribution system for case 2
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Fig. 21. The load profile of the power distribution system for case 3

The third part shows the voltage profile in the power
distribution system. Fig. 22 shows the voltage profile
when the power distribution system is at base load or
without EVs charging. The voltage characteristics in the
power distribution system are affected by EVs charging.
The EVs charging leads to sudden voltage change in the
power distribution system as shown in Figs. 23-25 for
three cases, respectively. The supervision strategy
mitigates the effect of EVs charging on the power
distribution system by controlling the power of the
charger, the decrease in the voltage fluctuation for the
three cases is as shown in Figs. 26-28, respectively.
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Fig. 22. The voltage profile when the power distribution system is with
baseload
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Fig. 25. The voltage profile with EVs charging for case 3

105

—Ba1
104 — B2
1.03 —Bwl
_ %/—'—H‘" = bl
5 102 g

& : e
S0t —Bus
s ==
Fos g : i (Bl
R ——Bus
Soss PP S “'::; i
047 S ——Bwiz
098 Bty

0 180 . 360 540 720 #00 10BD 1260 1440
Time, tfmins]

Fig. 26. The voltage profile is with EVs charging and the supervision
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Fig. 27. The voltage profile is with EVs charging and the supervision
strategy for case 2
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Fig. 28. The voltage profile is with EVs charging and the supervision
strategy for case 3

The fourth part discusses regarding the peak-load of
the power distribution system, the voltage deviation, and
the energy loss in the power distribution system. The
simulation results regarding the peak-load of the power
distribution system, the voltage deviation, and the energy
loss in the power distribution system are summarized in
Table IV-VI.

When the power distribution system is with baseload
or without EVs charging, the peak-load is 11.25 MW, the
voltage deviation is 0.0409, and the energy loss in a day
is 11.39 MWh. For case 1, the peak-load of the power
distribution system has increased from 11.25 to 12.13
MW as shown in Fig. 19, that is about 7.82% than the
base case. The voltage deviation has increased from
0.0409 to 0.0573. The energy loss in a day increased
from 11.39 to 12.02 MWh. In case 2, the peak-load of the
power distribution system has incréased from 11.25 to
1422 MW as shown in Fig. 20, about 25.16%. The
voltage deviation has increased from 0.0409 to 0.0782.
The energy loss in a day has increased from 11.39 to
12.88 MWh. In case 3, the‘peak-load of the power
distribution system has raised from 11.25 to 16.22 MW
as shown in Fig: 21, which/is an increment of about
44.18%. The voltage deviation has increased from 0.0409
to 0.0964. The energy loss in a day has increased from
11.39 to 13.70 MWh.
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The supervision strategy mitigates the effect of EVs
charging on the power distribution system by controlling
the power of the charger. For case 1, the peak-load of the
power distribution system has decreased from 12.13 to
11.73 MW as shown in Fig. 19, i.e., that represents a
decrease of about 3.30%. The voltage deviation has
decreased from 0.0573 to 0.0569. The energy loss in a
day has decreased from 12.02 to 11.99 MWh. In case 2,
the peak-load of the power distribution system has
decreased from 14.22 to 13.21 MW as shown in Fig. 20,
about 7.10%. The voltage deviation has decreased from
0.0782 to 0.0771. The energy loss in a day has decreased
from 12.88 to 12.80 MWh. In case 3, the peak-load of the
power distribution system has decreased from 16.22 to
14.48 MW as shown in Fig. 21, about 10.73%. The
voltage deviation has decreased from 0.0964 to 0.0948.
The energy loss in a day has decreased from 13.70 to
13.55 MWh. The disadvantage of the supervision
strategy is that the time of EV charging increases about
almost two times because the time of EV charging
depends on the SOC of EV or the energy demand of EV,
and power of charger as shown in Table II.

TABLE IV
THE PEAK LOAD OF THE POWER DISTRIBUTION SYSTEM FOR THREE
CASES
s
The peak-load 1 2 3
Peak-load without EVs charging 5 n
MW] 11.25 11.25 11.25
Peak-load with EVs charging 9
MW] 12.13 14.22 16.22
Peak-load with EVs charging and
i)
the supervision strategy [MW] " 132l 1448
TABLE V
THE VOLTAGE DEVIATION IN THE POWER DISTRIBUTION SYSTEM FOR
THREE CASES
The voltage deviation 1 2 3

The vollag? deviation without 00409 0.0409 0.0409
EVs charging

The voltage deviation with EVs 00573 00782 0.0964

charging
The voltage deviation with EVs
charging and the supervision 0.0569  0.0771 0.0948
strategy
TABLE VI
THEENERGY LOSS IN THE POWER DISTRIBUTION SYSTEM FOR THREE
CASES
N
The energy loss 1 2 3
Energy loss without EVs
% 3 3 3
charging [MWh] 11.39 11.39 11.39
Energy loss with EVs charging 3
[MWh] 12.02 12.88 13.70
Energy loss with EVs charging
and the supervision strategy 11.99 12.80 13.55
[MWh]

Copyright © 2013 Praise Worthy Prize S.r.l. - All rights reserved

VI. Conclusion

In this paper, an approach to forecast characteristic of
power consumption due to EVs charging has been
studied by using Monte Carlo and Artificial Neural
Network (ANN) method considering the traveling
distance of EV users, the SOC of the battery, and the
arrival time of EVs at FCS. In this paper, three cases
have been considered to compare the effects of EVs
charging on the power distribution system when a
different number of EVs are present in the area. For the
three cases, the characteristic of power consumption of
EVs with different energy demand level has been studied.
The simulation result about the effect of EVs charging on
power distribution systems shows that the EVs charging
increases the load demand of the power distribution
system. The consequence effects for three cases are an
increase in peak-load of the power distribution system,
voltage deviation, and the energy loss in the power
distribution system in a day. The determination of the
number of FCS in the area needs to know the maximum
number of EVs which requires charging at the same time
for an hour. The supervision strategy to mitigate the
effect of EVs charging on power distribution system for
three cases has also been analyzed. The simulation results
to mitigate the effect of EVs charging on power
distribution systems for three cases show that the
supervision strategy can decrease the peak-load demand
of power distribution system. Also, it can decrease the
voltage deviation, and the energy loss in the power
distribution system in a day. The disadvantage of the
supervision strategy is that the time of EV charging
increases by almost the double.
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