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Introduction

By the extensive presence of electric vehicles (EVs) in today’s
communities, the smart management of EVs should be completely
investigated. On the other hand, the integration of renewable energy
sources (RESs) in the smart electric vehicles parking lot (SEVSPL)
reduces the dependency on the upstream network and also the whole
operation costs. So, under finite energy sources around the world, in
order to supply various demands along with generating low
greenhouse gas emissions (GHGESs), policymakers and different
scholars seek to find cost-effective, eco-friendly, efficient, and
sustainable solutions. With investigating the literature review in the
field of management and optimal operation of SEVSPL can be
obviously concluded that multiple approaches and strategies from
different perspectives were used to improve the efficient usage of
energy based on smart grids (SGs) framework in SEVSPL. It was
indicated that none of the analyzed references, addressee the
simultaneous effects of different uncertainties, i.e., the random
behavior of EVs owners, RES, and the upstream network electricity
price on the charging and discharging processes for the operation of
SEVSPL. Certainly, applying the nature of such uncertainty sources in
an appropriate path will have significant impacts on the bringing
results as close as possible to the real-world solutions.

Model description and method of solution
Therefore, in the current paper, a stochastic

MATLAB software to produce 1000 scenarios and
then reduce them to 10 scenarios with the assistance

scheduling methodology for the optimal operation
of SEVSPL has been proposed as an interactive user
interface between the respective operator and EVs
owners to facilitate charging and discharging
activities and operation costs. The total capacity of
SEVSsPL is 50 in which three various EVs’ models
with 10 scenarios for the arrival time, departure
time, and initial state of energy (SoE) were
considered. Furthermore, the other uncertainties
oriented from RES and the upstream network
electricity price have also taken into account with
relative 10 scenarios. It is worth to mention that
Mont Carlo simulation (MCS) implemented in
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of SCENRED algorithm in GAMS software. This
stochastic optimization model of SEVsSPL was
formulated as mixed integer linear programming
(MILP) problem, which was solved by CPLEX
solver in GAMS software.

Simulation results and discussion

According to the obtained results in different
scenarios, it was obviously seen that the lowest
profit of SEVSPL was occurred in scenario 8, which
can be considered as the worst case scenario,
although, the highest profit has been achieved in
scenario 9 and can be taken as the best case
scenario. So, it can be mentioned that the optimal
utilization of SEVSPL in the presence of RES
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uncertainty and the unpredictable behavior of EVs
can be different. By considering the probabilities of
the aforementioned uncertainties, the expected
profit for SEVsPL was $ 1571.31. For the plotted
figures of photovoltaic (PV) and wind turbine (WT)
power plants in scenario 9, the generated WT power
can be sold to the upstream network within the
period in which EVs have not yet entered the
SEVsPL and also for the PV generated power can
be utilized to charge EVs. To realize the aim of the
SEVSPL operator in maximizing his/her profit, the
smart operating strategy was accomplished in
purchased /sold power from /to the upstream
network, which were indicated in relative figures
for two worst case and best case scenarios. These
outcomings highlighted that sold power has
happened when electricity price is high (e.g., 10
o'clock in scenario 8 and 17 o'clock in scenario 9);
however, the purchased power has taken place
when electricity price is low (e.g., 10 o'clock in
Scenario 9 and 12 o'clock in Scenario 8). This
strategy is true for all EVs in all scenarios such that
results to gain profit from electricity price arbitrage
by the SEVSPL operator. If the EVs owners are
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looking for the maximum charge when leaving the
SEVSPL, the respective operator will earn less
profit according to different gamma coefficients
presented in relevant expected SEVsPL profit’s
figure. In other words, the chance of discharging
EVs will be less when attending SEVsPL.

Conclusions

The proposed stochastic optimal operation strategy
of SEVSPL in this paper has been accomplished to
flatten charging and discharging processes along
with operation costs. In the presence of different
considered uncertainties, the optimal operation
strategy of SEVSPL can be diverse for different
scenarios such that the highest and lowest profits
were equal to $1740.84 and $1359.22, respectively.
Although by considering the probability of all
scenarios, the expected profit was equal to $
1571.31. These various uncertainties affect the
obtained profit of SEVSPL which the respective
operator seeks to charge EVs at low price hours and
discharge EVs at high price hours under the smart
performance strategy.



izl (6553 (5l Aolikiad

hitps://Ses.ut.ac.ir 4y wis <o b

;w.b"' 95 o

651 @l am o (S Sl sLpg 095 whobigr S )l A (5518 20 14

"ol gaazmo pligr T 15 pBU Ao ol y50) (SYLBT Sgmms JgloS 19315 0 el

" . . < - ALY . \E . - el
fwwsdﬂwwﬁ.no&m‘o‘ﬂﬁ o&wlo‘u)aﬁdﬂwwwdrSOGW‘o
.- . . £ & . .- E a- - a . - A\l
fWUBOﬁwweMImﬁﬁ al&w‘bbu)ﬁdﬁwwdu|

oanS Alio eS|
Ws.&b o i Sl ﬁ)y 6)3)_0‘ H‘P B A}"S‘” 6&3)0? SQ)J )9»4.’> l) 4o ‘SL“C")L’

2 g 65,50 mlbae pleol ( (5l 510 S )18 (o 9 90 (S Sl slag 005
ol g (VL Al a (Sl (2alS o e Ben slag e SIS L
e 1m0t 9y Oy Al 50 o) el )3 9B oe (S0 poje slaai p
9 o Syg— i (65,50 mlbie 4 jpeme (oSl slag 093 wielisn SIS
iy (655 mlie Suabad pae (gilu oo jelite 4 (oizren (Sl 48515 o
Sraelip Ghs, 5l (S S slogyoe lrlo L) 5 (cwoVL ASLD 5 Cnd
oy S slog 095 laolo [Lid, sl pac 5l jshaie .ol oalds oolatuwl Bolas
Pl LT sl (65,1 9 Sl 5l @ loj oSSl @1 9,955 955 ooy Jolis
woloas and)F i o Coabad pae glyls el )l O g0 a4y 4 aiiis SLS L 4 05
oo dlael Ly assvsl (el Jume S S50 4 0ol (giluaing: At
wls ol 00 U GAMS 3l 5 1o CPLEX 508 > Lawssi 5 o 31,1 (MILP)
Ly )o9 dialign 5L00 5 5L b siadisn SuS L jlo 050 a0 co (LS (g5lwands
slatabd pac g Lag liw j5-a> )0 (ruizred A0S S Sgm Wlgi oo (S0 35Ul
9yt 45 )5k el Dglite wieBge S )L 3 Shee (o351l walide
b o U g o ol Yo YYOUTY o /AT L il osdienS Sgu oy yiaS
fomgti o s ol VS VOVAYY byl Sl s 50 Sgun bagy i plad Jlais] 285

e e 13 il cov 1) diaden KL 5l Jols dgw cilisie slacaks pac

VOV N0 s gl

V-V 6,550 fb
VE- VY gl Gl

10 5lguuds’

bl 55,40l

Syl slag 093 wialigr S5l
Cuhad poe

rdnaes 55l mle

o 5l (GHGES") laslds slasls Lacsl aul5dl o

doddo

bz plpw o 1) ol liie 5 (LIS Canliw 00
Wy e Ly )5l i oy slo ool ) (3L sl

DR Egdge T b g 0l

slelolas 958159, od) an azgi L sl LIle o

A b sl ol Sl el e0ls Bow il 5 el
(RES") sy (65,5 bl lea_dol, Blaal

ik G5l 0T el ol 39r Sgame ¢ (65, il

2. Greenhouse Gas Emissions
3. Renewable Energy Sources

AD

Jns Baigi ™

Email: kazem.zare@tabrizu.ac.ir
1. Mixed Integer Linear Programming


https://ses.ut.ac.ir/
mailto:kazem.zare@tabrizu.ac.ir

olal 0,555, So B o 5, Al lacysgame
Al glad> pais SBolar g3l o cwl 48,5 alol
ool o alad poe oo SEVSPL 0 EVs 5,5
ekl S g 55l (s5yaelip GlapendlSe 50 oass]
3 Lsl 90 6551 IS slaan e (g5l Bl Bas L
¥ olas Bl5gs Ly 55,26l 0 b, 5l 45 easasl | [4]
ou oolaiwl Ly an aluwly 5L Jayl i b llas o
A w “ . A “ -
L Lrt.%‘j—uLn) Koo g ))l_w B s Lol
630y it § PV L 00 dx LSy SEVSPL
Vo] o e ojlwfiloas Gan &b L (ESSY) 55,
LSl v oSN 4 S (6 y9db a con i slpa iy
aiBlianwgs b S S5 @ pgmge iludige
ol ad, S 4y aige Sle> 8L gl IBGWO')
glol mals 45 55 (BHS™) 65,1 slacle Jiluws o
i iz sl Jsl> lawgs (65,50 slalolys sl sasis
Do (530S g 498 (Jrod slaanl)d el 5 as
a>g5 3,90 SEVSPL d gy (5,10 00,40 0,5 o
RN CPPRLII U2 JX S - SRE N | WV RN LI VoD
EH ,o ool o8 )lin glp o  Bolay aidlarwg
(5 Sy PV SEVSPL ol is a5 [\V] g yo 5o
5 Josl b (65,0 5hoso yesd g5t bpimms § oyl
poce e sl (MCS™) SIS e 53l
o egiyml ilizee ool 4y oo sl
S,k a 99,9 Pl EVS adsl (65530 5 PV oy
0,&15) ‘[\Y] B OMW EH Lgl)" el ol ‘59).144
pae 58,5 ;)3 jelate do polie - Bolai (oS 5
Galizee glalols WT gady olgi b Lo o slacoals
Grdn bl aS oad (B 3p lb S 5 55
25 cOmipe 0yl oo @l 4l 05 sl |y ey
Lyl 5l bl ol 65,0 A lbraiz (lapi
‘_g)).s‘ Llfd..} )’L..Jo).:_">$ (_ngW sl (_g)‘o).go).e‘).
8 ilaie oo ol Sy5e asl (MESSs')
Soge W] 50 (o 9 Jelos (nl 5l Slaiges a5 03 255

7. Stochastic Dual Dynamic Programming
8. Real Time

9. Energy Storage System

10. Improved Binary Gray Wolf Optimizer
11. Energy Hubs

12. Monte Carlo Simulation

13. Multi-energy Storage Systems

AF

PV aidyss s WT ok 3, wlie ogasa
Lo yslad d92g g oolatul 0bj (g3 o yiws Jdo &
sho Ll Q] S5 wbidie By 0dgs o ad iy
48,8 0,00 6100t 9 Siyaelip Pl yo (Sogll
P EV P IFRLITSUWIY ¥ IEOLNI SR | PR IR
Glpsol bl 5 ldlar Caxdae 4 dily 9055
5 Camedl A5 00 g AS oo o Bolal Cools aS oog
ekl pas caslio Zupae oSy, 655,54 ey
o2l o b (ol H5eb [Y] w5le o asein )
30 &l lolds o jo (g panBlasl el LB ok
cila) a4 gl g0 oz Gy sleaSed Sl gl e s
[F] 095 s Gime (SGS') ateiign (sloaSits pogin
1 515 sotooliwl &lygas aloz 5T s esdle
4 aS coul BVST) (S8l slag 095 SGS sl
5 Sael S solial s GHGES zals 5,8 eal,s s
slaes O] ;o o ,iiie ()55 Hllas .ol (65
45 039 Ggakee VIV 3902 oz 5o (S0 Sl (slag 55
Ohly8l adBy o D50 ay olaad Gl 09 b o (e
pleol 5l osalawads aiadsy )l ble 592g b .l wnle>
&l ol il sl I S5 SGs s EVs
wslr So bbb oS sl v9zs & Gl )l
I, (SEVSPL®) EVS sieiign S\l (65,51 Cu pime

IF] oot oo o5 i 5 G BVS 5500 sl

SRR Egdgo b b po sole qilio 5950
2 55 Gl pe e srteliy E9090 Cual 4 azgi b
B o @ ez ol 55 6yl oyliie SEVSPL
A 3y e pazie 5 Jshes slasHl il 5 b Sal,
Gl Gl sloeil i Wl [Y] o Ba e
Joe ol slgian U SEVSPL Sl sgus (55l 25 los
5 97aceosd ORPS) Jlb osSaly sloaaliyy » s
Slaceabd pae 3,5 Llod (nizeen 5 j97me 2905
Slxl 3r balil Cosd s Sk 4 9,993 999 oo
@ [A] mjs5 aS0s ;o SEVSPL aass L)l .les,S
555 53 L s slatin i sl il sl

1. Wind Turbine

2. Photovoltaic

3. Smart Grids

4, Electric Vehicles

5. Smart Electric Vehicles Parking Lot
6. Demand Response Programs



(85590 b 4y e (S S (Glag y0 95 wheligh SuS )l Aty (5510 0y 1)) ) K02 g oS yg31) 50

L ol &3S 5 9 goladl L iz SEVSPL s
(o ol 00ls slgi iy RLS g EVS ()0 5 Ll
A bgy e Bolar sloccwb (3-8 55lh o iy
a3 )3 ol WEVS 5 Sl g oSl slalslss (RES

loas

gy Slal 5 (5919
9 S pde A )3 oudplodl saxie plie (owyp b
Sy 48 (nl 4 Gl o0 SEVSPL Sl aige (s)lo po e
claolfos j GsSUsT slail il § Las,Sys, a5
ol 5 6553 5 sl 1S solasl dgupg jelate 4y calisee
Ly ailoass 48,8 LS 4y SEVSPL o SGS gl
pae plogen Slls glie ool ) S o Jlocnl
EVs lolo olar b, o dilises glacaakd
9 5L bl b 59, (VL &S (52 Cwud 5 RES
Jlosl St oy 4 alonis jslaze SEVSPL s 5 Lo
3 emlin By, Ly Calad pae mlie iz Coale
st =B @l st SEVSPL (5,0 die ()10 o e
s odaleisa Glacl i ax e ud Sy 5
ol adlie jo il aalgs a8ly slis ool
&l= (MILP") o Slael b FLESN| eyl Joo
slocshd sac jga> 0 SEVSPL dgy (5,15 o o
oads dlgiinn Bolas o5 ael 0,559, b sadoly suws
EVSs 5,Las 5 5,0 laanld 6,15 u0 40 il a8 cul
SNmly pae 5 6530 0 sloanp (59, SEVSPL )3
Ll 485 158 sy 09 (WL ASD a4
3loas 03551 15 40 A & jg0 4y allie slasglss
EVs lobo i, dolas coale gl Jos
S LA BVS 95 [0g9 slagley Jols
e 09y plSie LT Ayl (65,31 ommizean
s WT 5 PV mlie oy lgs » ogdle S5 )L
ooVl LD (5 S
4 SEVSPL 5l a iy s,l0,00 40 0,0y, &1, @
9 It (o el ) aly &9
5089 9 5,L8 slaanld Jages ;9 EVS plalo

Soloposte sladje

6. Mixed Integer Linear Programming

AY

D5 g0 551 BBz slall jo gage A 5 48T
9 5L slaanlp 3o loy s S D] &2 0 50
Slp Jed JB duge pSlae el slacaglsl L 5)las
EVs 5,L50 a3 sl wsllae sge JBlam g 5,L5 a3
Sl sladsags &lpslss 0,505, (58 plmlo )b
i 10 10 s Jawgd SEVSPL (65 5l digy o e
SEVSPL (51, 39, ol 5,18 Copndy unglie ool ot
SEVSPL ;o 5,L0 cumds b sl slag e (Seo35 )0
Gan Ut b sSs slaplaisla o o 3y
aS oad plol [VO] o (65, A ol sileaein
e BVS zg,5 15555 slaple) slocald poe
09,9 plSie Lol &gl (65,51 peizman 5 S5
Ly sryely Cozily by (Bolal by, L S
5 oolazdl slaac> 25ly 03,50, sl lons Ll
cszlm PV e SEVSPL | lasece )
—0be; 2 e DRP 9t )0 a9 (ludinpe
ez J 0 aS cwl eais Lo [VF] 0 soli il
059 & 3 S S e slap oSl (slaline
B Cooud Canxlad pue oS buil 5l slazs, IS 4 (WST)
3 Shee (55, § otz pil sVl A2
ol 5,05 SGS ;5 (AGEVS') EVS 3a_tS g o
S ool slri 1, slosl (ssloary g, [VV] g pe
Al s 4y AGEVS Coabad pie 1y e Sy &5
OSilae 45 09 o Joiss oalad Lo g0 (5jluainge
blad adlce Bas aily olgie a4y oguw Blymil g 09w
Sg9me — skl gy Sl (5510k 5350 g e
S5 el 3,509 3l 9 95,k A lacler w5 sl
oolaiwl glasdlas Olg = (g ozl cyz 53
30 Lol® Cos S pie 50 e Lol des 00 oo
LaSEVSPL 5 ays8 (sloaSd 5l amel IS (5,15 00 2
&0 930m) 31 s EVS 5 (RLS") sSialy sla L
Slaal gl adasais gjlwda gy Joe S [VA]
s ol atla g Sl s)lo o 0 slaas o
5L o sad ekt sla 5l 5l eslil L GHGES §

1. Time-of-use

2. Weighted Sum

3. Aggregator Electric Vehicles

4. Interval Optimization Approach
5. Responsive Loads



ol s e s | aalllan o 50 oVl 4SS
creizats § WT 5 PV sylie) RES Lol SEVSPL
1o > ool SEVSPL s o, i el EVS
53 b pled e syl Bk 5l 993 39w (05
GO Ol )0 S92 se slacealad pac el s
JEVS qlolo )3, 50 5 Gy Ceasd WT 5PV slis
ond Ll (goleidy Juo yo (Bolad si,aelip 325k
Slp SVl 863 L Glys Jobs 86l (izran ol
Wilgs sk sl 51 e eal, SEVSPL Is o g0
L oS (o88lge jo g Wl (B934 1) 095 ol ()l
At 5l 093 55 9550 (g sl azlse (g5 3geS

QST (6l B SVl

Alio alise gla sty odilojlus

9 sn el j50 () 4yl Allie laii L
g o35 ¥ sy 0 ealbblod solpiiny dlivs (aog a5
L e o 2L Silede 4T i3
ol o 4y aliucs (699,9 (sloosls .o3ls ;s oo SEVSPL
SLIE Giso o bt 5l exelcvsa mli )
9 iz sloail 4y B s il po aslea s
Lol 5 clallas &alsl gl 418 S g0 slaolgrin
dloe polaisl ai) Geen jo (Sliniod

Ao oo g

4 e RES oy i SEVSPL sl VS

/
i
i
i
Power Network |
— i
" | H
= < !
i y;
: < - >
§) o |
Y N
R
i
i
i
i
: Operator
i
‘.
\.
N Power

\4—><

5o liiions A5 &1 o RES 5 i SEVSPL jlis b ) JSois

0abi gl g 0abdlBg )8 5y el ol Say 5 Ay
Lol gawo¥l A

S S lei Jolei o
959> slacela oled )0 Wl ad pl ses o lai |,

2l B gl (oales
\
I +RY + SRE 4R
. )
— Z Pl I\EIVwCh +P Sell vt )

olSs s cods s a8 el T LSl Y Wsles

AA

o 5L (50 Jgo 9

.)5_....1 QQJJ}‘S‘J—" ‘)_]éj .))9_0 als e RS é:l_u
9 290 Llali8l 5oyl 5l soleig SEVSPL 1 0 0
SHgmo A a5 ol Slwo¥Wl AL 1 ol 0y > ralS

Max Profit =

Z Z (P Sell Sell

|5_: )L)_D.A g,\_».:).’A_’P

PBuy XﬂtB’Zy) (\)

UV o PEEll L dolas 4o

o5l Oly jlade g u,-lwéyle Ah 4 oabaisg b
9 Ag’eal)l RO 7)) (_gy)l.uw jt el 5o wéyb ai..m )|



(85590 b 4y e (S S (Glag y0 95 wheligh SuS )l Aty (5510 0y 1)) ) K02 g oS yg31) 50

580 5 5,L0 sladusgasme i fa A oV Ly,
Blvi 3 Bive " Llyy oml 530S e ol |, EVs
Sl BVS 55L00 ¢ 550 el 6,00 sl psite o5 ey
Sla s iy PEVAChMax | pEVEhMax
WS oo e 1) 9995 5L 5 5,L (s

0 < P EV ch < PVEV ,ch,Max B EV ch

tv,o tv,o (V)
arrival departure
Vi, <t <t V,w
EV ,dch EV ,dch,Max p EV ,dch
OSPt,V,w SI:)\/ Bt,v,w (A)

Vtvarrival <t <tdepanure V.,

v
Oleiped Heb 4 Wlg ces EVS was o ol 4 doles
D9 5L g 5,L

BEV .ch +BEV ,dch Sl

tv,o tv,o

) Q)
Vtvamval <t <tvdepanure V.,

) 9,095 o jlxe 55Ls ¢ 5,Ls Slads slows V- dlal,

Ao oo (i SS L Sl 9509z, 99959 Gl (b

tv,o tv,o

TZ(B EV ch +BEV ,dch)S NVMax
t

arrival departure
Vi, <t <t VN, o
R 655l @l 098
g el o 50 (PLD) (5o yo3 sloelS's i (s9ddgs ol
Sadds a5 ol o Cewd w0 V) Aolee G,k 5l g lw
(G y95 6L&:J5l_w TS EW ‘(It,m) Ay 9> u*-’l—’

ol ily 7)) G yo> slashes 003l 5 (A7)

PL =n"A™1

Vt,w 43

g el 2 50 (Pre) 6ok sleolSs i (saddgs (g

Cwd Ay gy Sovie G ,b 3l gl jo yo
Ol 58 il oo sols Lis VY &dolae jo a5 Wl o
Sl o e Plilea s VG VR VOV dolas
B ol_g [ ] 5‘5,ol_§ [ ] ‘(!-Ja;é Sy sJ..Aﬁ Ly
ol 60[) ‘_ngolfB)...: L54)[.: u‘y 9 w (594)L..~J 9t el

Ad

PEVS 53 ols (P ool «(PLy) s>
Sleasis B ol cmizmen 5 By 5)lss Sl
sls a0 EVS 28l e le b oply gewsVl A

ROWBIEOWIN PP COU P VPR TESE JEN I (Pti‘fafh)

S glag 095 S9ad
G imytelip o Sl EVS s, o S g, jelaie o
Ll (5590 Lovg o9 pml 5)Lbs ¢ 55l (6l clia
5).55_’5 BL 6‘)‘ aQ ‘) EVs aQ Joyj.n 03..3 Yo ¥ &SYoles
EVs 55,41 jlade ¥ dolee IRT-X P olis g0 lew 40

S 5l 95093 z9 5 99959 (e Ol Do 0 )

P EV ,dch
EV _ EV EV ,ch__EV ch tv,o
Et,v 0 Et—l,v @ + (Pt,v,w v - EV dch
7, )

Vtvarrival <t <tvdepanure V,®

PV 9,093 655l Hlie Sbo EfY, alaly cnl )
. . _EV.ch _EVdch
5y oLy, ¢ 9 My ¢

. . cdeparture arrival s B
99,9 Ol ty 5ty 9 909> 5,5

el SIS0k 55095 29>
il S g el ¥ Wolan b line 3 F Uolne
O dJoles .ol ;/L..»S)Lv 4— 39,9 alax] e 5)03_‘5
Sk Sl e b o 5,095 (65, lade SuiS oLy

WEY) 9,095 550 iSTas 5l (souo,0 &g a0 a5 ol

JOMPREICER SN
P EV ,dch
EV _ = EV arrival EV ch__EV ch tyv,0
Et‘v,w - Ev ® + (Pt,v,w v T )
n, )

Vt :tvarrival V., 0

EV EV EV ,Max
Et,v,a) 2 7v Ev

o ®)
vt =tEE v g

Jacie Sy e 9,095 (65,1 e o dlal, WLl
EEVMax pEVMI S0y 15 JBlas ke Sy 5 2iSTas
Sl BVS (551 S las g Jolas polie by i i

EVEV Min < E EV

EV ,Max
tv,o < Ev

i *)
Vtvamval <t <tdeparture V., o

\



0 VA <y @ or v 2y 0
V Wind _V Cl )

PthT = PR\{\;:;:d X W v © SVI\’Agnd <V R Vi, w OY)
1 VR <y iy 0

b5 55 5T U o 8 el 5ISEVSPL s EVs
Loy SEVSPL L EVS 545 oylo) el 0ais azb §
4 9955 plSie Lol &gl (55,1 5 SEVSPL GIEVS 55
By Cealad pue gl el & a0 4 SEVSPL
SRES 3 3l Cgxlad pie o opeizman ilodds 43,8
5 LT gjla o gl o5 sl Llod 55 5 easd
ol o0 ooliol _Bolas (g3 )asb 5l odiedl) oo
1 MCS by, 4 g b Voo e olass diwly o o
L el jshite a4y .ol ond aulys MATLAB 53l 5
el o oS SaS a5yl Slasd (o Sl
Vo slas 4y GAMS 5 8la i 55 (SCENRED) L
5 g s 5 el sl asily zalS ol
SO O jgme dn alie oo .l 00l 00,9l ¥ Jga
15 4l alonl el g jlwtpnds olai 5 055 MILP alts
CPLEX 505 > Lo 5 o5bwosly GAMS 53l 5

Sl 00l >

Silwaad g goue Tl

©°9,9 WledMb|
e Wedgr S bk o)Ll Sy a5 ok ples
RES lsic 4 WT 5 PV (claclss i o5 el RES 4
V Jgoz o WT @ b o Sledol ailoas 48,5 L s
5 a0y Voo PV sloolSy 0 ol .ol ooy &3l
atnd ol 00 48,5 a3 50 ao e A Lol leadl
iloals alSlI Y ISCS &ygo 4 0b G s g aus o>
PV IS Ojge 4 (GodVL A Sl 5 s P Seeld
O RS = R TSCRCNSCRIeEE DL RN L
A 5 lss 9 P Cead Sl e oy Ve (oYL
yobie Sglain EVS Jaw duw .l oals bl cwoVl
2 Leyl gilw o o 5l 0,50 wledlbl a5 oo
4995 B+ SEVSPL o b onsl osds 4 Y Jga>
Faye Ve o) go5 Jow 3l g 095 Ve ol a5 ol
s9=a> o3l Sl Voggh Jow 5lgy055 Ve oV g9 Joe

D3] ol s (o wlazin ) Jus

Aol aly o
PrWT kw Y.
Vi m/s Y
V, m/s Vf
Ve m/s Yo
[Ye] Sl sy 095 Clasiin ¥ Jouo
EV Cap EV ,ch,Max EV ,dch,Max EV ,Min EV ,Max EV ch EV ,dch
JM Ev I:)\/ I:)\/ Ev Ev 77v 77v
(KWh) (KW) (KW) (KWh) (KWh) (%) (%)
V Joe Voo AR VVYIY - ) Q- Q. b
Y Jow A Y- Y- ¥ v AA q-
Y J Yo YO VY0 Yid YY/O a-. ay
Lgs b 51 Sy 2 Jlsal Y Jguer
92yl | \ v ¥ ) $ v A q )
903k Jlox! [+aY ARRY «/-q¥ <9 <AYY RPN AR [+ AD [+ AR [+A




e 59 b 4y jezme (S Sl Glog 095 wheligr STuS )l At (6510 y0 pe 100 g TS ya 50

08 25
20
4, 0.6 3,
3 05 1 15 o
. 3
. 0.4 1 q
3 3
) 03 o 10 %
% =2,
g 021 3
5
501 A
%
0_ T T T T T T T T T T T T T - 0
123 45678 9101112131415161718192021222324
(celw) oloj
[14] ol s pw 9 uiriid ¥ IS
75
=:§! 70 A
X 65
)
-} 60
“3
7, 55
%5
\':.!: 50 4
D s
‘1’0 T T T T T T T T T T T T T T T T T T T T T T T
1 2 3 4 5 6 7 88 9 10111213 14 1516 17 18 19 20 21 22 23 24

(s luw) QL"}

[YV] By oo ¥ i

g sbog: )L 131 4 SaS )k g F Jguar

Sl gl (o) y

g L

¥ Jgoz ;0 calizee slogs ,lw (sl5l 4 SEVSPL sgu

VY-Y/20
\YAQ/aY
\Yaa/-0
AAARYAR ¢
AIRRYRIN
AFARTAYN
VYYo/a¥
Yoa/vy
AN ¢
\FEVIEY

L > < v & 6 1t t —

—
.

04 o..\_AL“.A_wod_g C"L'" Al d>g5 L ] 00 oé)ji
SEVSPL. oo e sl 95 (505 5 ot st 355
l_bu_....J OJ_.»LJ_.AIDAsﬂ Lngy)L._M))é u_u).id_a
O )g—0 Sg—w ‘L{by)l.a_w JLQ.._?-‘ U"j)f ).EJ B la ‘JL’U"‘
s ol osd N3 VOVOI'Y Lyl SEVSPL gl i
Ao S0t 45 S35 A g e B ok
Ul i Ls5) g RES comalsd pac 55> 0 SEVSPL

)



VP oyl o) 6)loid o) 8393 ylaly (65531 (s Lopiimmmns

L slacelo ;o Gles 0,5 Jlos 4 SEVSPL ls o s
5V sl ;o) Cel die) ol by 5 Cid
B a5 gt 55 D A s 59 VY el
g bassee L g A gl ol (sl
JLss 4 SEVSPL 1o, 50,40 codslcwods sla oo
a5 e a5 sV 8D & oy by 3
s A gl o) ;’AcL.»:)li_n)cA_w\ol_i)' Gy Ceoud

(A g lw 0 VY celw

G LWT 4PV laolSy 5 godss olss F USs
G5 Hle A 358 e oy e LES A g5yl
azglgo)l azg BB i LY el JJWT
Olg=s «asloazs SEVSPL &g 5028 EVS o3 ol ,o Sl
OIS (mizred 0ol dig 8 Al 4y Wlgi 0 WT (g0gs
5 sl i wilgi e VA B A sloojl 0 PV sadgs
O ISl o el 5l odds,lo 5 ole 0g colaiwl EVS

0l Cmddns (sl loges 4 axgi b el 0o ools L

B Cilygnd B ool ouyed
350
300
)
D 250 -
X
F 200 |
9
ﬁ, 150 - §
h N
-y H H - H
o 10 1 U I 1l 1l  Edd o A
123456 7 8 91011121314 1516 17 18 19 20 21 22 23 24
(ceslu) olo
Qo2 b ;s WT §PV codgs oylgs . JSCi
Eaﬁé;‘%}o‘sj.\ﬁju aﬁﬁé}‘q{)p‘o‘s}‘QQ‘,LLu
—— -5 _“A?_}LLMJ — - oeld __"‘ly_}L)..u
600 100 |
- 90 q
2 500 -
3 500 80 A,
‘g\ . Y
3 400 1 0
3 60
4 300 - 50 ;
ﬁ" 40
. 200 A s
30 A
= 0 v
2 100 A 3
E H H 10 -—:
O T T T T IEI T T | T T T T || T T T T T O \:_),
6 -

9 1011121314151617 18 19202122 23 24

(Zeela) oles

S )y Loy gVl A 31 ookl 5 ol B JSC

ay



e 59 b 4y jezme (S Sl Glog 095 wheligr STuS )l At (6510 y0 pe 100 g TS ya 50

B eubosd 4ty ()ls5 A gl EEEEE oud ansg 3 o174 99,Luw

—— 5 A

—— 3 gl

800 90 Ti

L 00 0 2
D 600 - 0 2
X ; 60
4 500 1 : 3
] s0 -}
3 400 A :
a f ‘ 40 2
* 300 A H B g i r‘
K| WA 30 3"
377 | 20 &
100 18 B [ H| E | 10 9

0 EI Hl g Hl B B : :I ; ; Al BB H H 0 '%
12345678 91011121314151617 181920212223 24 R

(eel) ylej

Sl bg? sVl B 4 0iig b olyl 5SS

G Dyt slacaasd ;5 6551 Jobs 5l o9 S &
g s

wolys il as |, SEVSPL sgw A S colys o
o=l ks oo ol (@ly 0 ams o lis L il
30 65 las 5,Ls Jlos au EVS lels ST as ol
5ol Coyd 500 e 408 welgr S ) (g5
29y anlegm oS SEVSPL ;o jsa> x8g0 EVS

SEVSPL o YF L5 Ve el 51V 6 Ll (59,095

Sl 90955 ol 5500 5 5L dge 65N ol el
wdzg Ll odd ool Lis YV IS o A (g9l
JUL5o 4y SEVSPL 1o 150 0 45 05 o0 0090 (S (30
559 5 G o5 Sed L slacsls o 9095 5L
o=l sl 0 0l ceed U slacelw 4o 9,04 >
'«QLQ) B l.aj)oy 'al.o.: 6‘)" M}b 6)‘6)."0).@‘.3 6).:‘).“.4‘
2o SEVSPL 15 o 0 bawgs a5 cowl Golo g ,liw

Els [Cj,lis  =e=cud

25 110

20 90
15 T HO :r§=
10 50 ¥

“H

o5 30 1
— g H 3
v"—:‘l,: 0 I T T T I T T[T T T T I T T T T T T IEL 10 7:‘
- 1 2 3 4 5 6 7 8 9 1p111213141516 17 18 19 20 2q 22 28 24 kS
5 -5 10 v
= -1
-10 1 -30 =
9
-15 50 <

=20 A =70

-25 =90

(eeelus) oyloj

A 59 3haw 53 @m0 (595095 5HLbd 9 5L sy oIV Sl

ay



1600

1550 ~

1500 +

1430 -

1400 -

1350 +

1300 +

(j¥o) alols dguw

1250 ~

1200 ~

1150

LS <y o

Gilizko Wl ol pd ol & Koyl sl 5 ya0 Sgws A S5

LURRN - J_»a...o SEVsPL L.e‘; (_g)lo)go).gd (CyTred
S5 5 Slallle olyie & wiila ols5 ol pline
555 158 (s )90 ooy Sl

&lw

[1].Remani T, Jasmin E, Ahamed TI. Residential
load scheduling with renewable generation in
the smart grid: A reinforcement learning
approach. IEEE Systems Journal.
2018;13(3):3283-94.

[2].Luz T, Moura P, de Almeida A. Multi-objective
power generation expansion planning with high
penetration  of  renewables.  Renewable
Sustainable Energy Reviews. 2018;81:2637-43.

[3].Garcia Vera YE, Dufo-L6pez R, Bernal-Agustin
JL. Energy management in microgrids with
renewable energy sources: A literature review.
Applied Sciences. 2019;9(18):3854.

[4].Sengdér 1, Erenoglu AK, Erding O,
Tascikaraoglu A, Cataldo JP, editors. Optimal
Coordination of EV Charging through
Aggregators under Peak Load Limitation Based
DR Considering Stochasticity. 2018
International Conference on Smart Energy
Systems and Technologies (SEST); 2018: leee.

[5].IEA C. Global EV outlook 2020.. URL:
https://www iea org/reports/global-ev-outlook-
2020. 2020 Jun 15.

[6].Mohan V, Singh JG, Ongsakul W. Sortino ratio
based portfolio optimization considering EVs
and renewable energy in microgrid power
market. |IEEE Transactions on Sustainable
Energy. 2016;8(1):219-29.

a¥

"

ol b5 g (g ez

Sl i9l alyz SO EVS (555819, 0, Jds any
3550 &9l (5551 Glapiacs ;5 lap] aiadse oo
slass il gl oolaiwl jalate d (pimmen 05 8 ax oS
oalS g oVl A n 4 Sy els S
sleolEs 5 ol RES 5l oolaiwl (5,10 0 00 sloass 32
Alas ol o sl pen )0 098 0 Slgiioy WT 4 PV
3,62 RES 4 jam0 dedign LS )L digs (5,10 o 0
) ilwdas jshie 4y cyizmen (28 F 18 )
Siabiny RES 9 EVS plalo cinimy JB 52
el o ol condad pae (gileJow sl (Bolas
gy 610 0,500 daioshd sue jpax 0 wips oo olis
Solaie alize glags liw I3l an wilgs o SEVSPL
SEVSPL s 1y yieS o odalive gl ow, p bl
e ot Sl &S (J> j0 w0 piie g lw o
Sgw .. SEVSPL )b)go).e‘.} (_g‘).; Sguw (9 ylny W.S aQ
0dd gl Jdos L ol o ogdle Lol (Yo VAYA/Y)
5o g0 55l JLis 4y SEVSPL 15,00 500 45 040 o0
L slecelo ;o lag,oes 5,Las g o5 Cuwd b slacelo
e Mg (60 ,Slas (olwl bl ol el
2 0l85 (P98 5 omb Swed lacele o Oy W @
Ay 610 0y (o 0t 0L e slaels
g Candnd pue g3l Jos sla iy, plw L SEVSPL



(85590 b 4y axe (S Sl (Glag y0 95 wheligh SuS )l diugy (5510 90y 10y] ) K0 g oS yg31) 0

[7].Shafie-Khah M, Heydarian-Forushani E, Osério
GJ, Gil FA, Aghaei J, Barani M, et al. Optimal
behavior of electric vehicle parking lots as
demand response aggregation agents. IEEE
Transactions on Smart Grid. 2015;7(6):2654-65.

[8].Neyestani N, Damavandi MY, Shafie-Khah M,
Contreras J, Cataldo JP. Allocation of plug-in
vehicles' parking lots in distribution systems
considering  network-constrained  objectives.
IEEE Transactions on Power Systems.
2014;30(5):2643-56.

[9].Fallah-Mehrjardi O, Yaghmaee MH, Leon-
Garcia A. Charge scheduling of electric vehicles
in smart parking-lot under future demands
uncertainty. IEEE Transactions on Smart Grid.
2020;11(6):4949-59.

[10]. Jiang W, Zhen Y. A real-time EV charging
scheduling for parking lots with PV system and
energy  store  system. IEEE  Access.
2019;7:86184-93.

[11]. Jordehi AR, Javadi MS, Cataldo JP. Day-
ahead scheduling of energy hubs with parking
lots for electric vehicles considering
uncertainties. Energy. 2021;229:1207009.

[12]. Mansour-Satloo A, Agabalaye-Rahvar M,
Mirazaei MA, Mohammadi-lvatloo B, Zare K,
Anvari-Moghaddam A. A hybrid robust-
stochastic approach for optimal scheduling of
interconnected hydrogen-based energy hubs.
IET Smart Grid. 2021;4(2):241-54.

[13]. Mansour-Saatloo A, Agabalaye-Rahvar M,
Mirzaei MA, Mohammadi-lvatloo B, Zare K.
Economic analysis of energy storage systems in
multicarrier microgrids. Energy Storage in
Energy Markets: Elsevier; 2021. p. 173-90.

[14]. Mirzaei MJ, Kazemi A. A two-step approach
to optimal management of electric vehicle

0

parking lots. Sustainable Energy Technologies
Assessments. 2021;46:101258.

[15]. Zhang L, Li Y. Optimal management for
parking-lot electric vehicle charging by two-
stage approximate dynamic programming. |IEEE
Transactions on Smart Grid. 2015;8(4):1722-30.

[16]. Jannati J, Nazarpour D. Optimal
performance of electric vehicles parking lot
considering environmental issue. Journal of
cleaner production. 2019;206:1073-88.

[17]. Ahmadi-Nezamabad H, Zand M, Alizadeh
A, Vosoogh M, Nojavan S. Multi-objective
optimization based robust scheduling of electric
vehicles aggregator. Sustainable Cities Society.
2019;47:101494.

[18]. Sedighizadeh M, Fazlhashemi SS, Javadi H,
Taghvaei M. Multi-objective day-ahead energy
management of a microgrid considering
responsive loads and uncertainty of the electric

vehicles. Journal of Cleaner Production.
2020;267:121562.
[19]. Farsangi AS, Hadayeghparast S, Mehdinejad

M, Shayanfar H. A novel stochastic energy
management of a microgrid with various types
of distributed energy resources in presence of

demand response programs. Energy.
2018;160:257-74.
[20]. Aliasghari P, Mohammadi-lvatloo B,

Abapour M. Risk-based scheduling strategy for
electric vehicle aggregator using hybrid
Stochastic/IGDT approach. Journal of Cleaner
Production. 2020;248:119270.

[21]. Yaprakdal F, Baysal M, Anvari-Moghaddam
A. Optimal operational scheduling of
reconfigurable microgrids in presence of
renewable energy Sources. Energies.
2019;12(10):1858.



