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Air pollution, greenhouse gas problems and the rapid increase in demand for
clean energy have led to increase in the demand for electric vehicles (EVs).
However, unscheduled charging and discharging of EVs can cause many
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1. Introduction

Due to the excessive increase of greenhouse gases and the air pollution of carbon derivative emissions,
the use of electric vehicles (EVs) in the world is increasing compared to gasoline vehicles. According
to the report of the International Energy Agency, the number of 13 countries in the world will replace
30% of their fossil fuel vehicles with electric type by 2030. Statistics show, more than one million
plug-in EVs were sold in the US from 2018 to 2020. This sales rate has increased from about 5,000
units per month in Sep. 2012 to more than 20,000 units per month in May 2018. Recently, the UK
government has announced that it will stop selling petrol and diesel cars by 2030 and the country will
be driven to achieve net zero emissions by 2050.

2. Methodology

In this paper, a smart parking lot, for example, for 200 EVs, is presented to schedule charging and
discharging of EVs. This scheme is based on the initial and final values of the State-of-charge (SOC)
of all EVs and the expected time of entry and exit to the parking lot. The scheme is formulated as an
optimization problem and solved by the PSO algorithm. The scheme was tested with four different
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scenarios of random behavior of EV owners and parking. For each of these scenarios, the optimization

problem of Figure 1 is solved by PSO.
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Fig. 1. Optimum charging and discharging scheduling of EVs in a smart parking-lot.

The considered scenarios are as follows:

Scenario 1:

In this scenario, 40% of EV owners behave randomly, which means that 80 EVs of the total of 200
EVs do not have the expected and actual behavior per day. The behavior of the other 60% of EV
owners is accurate and fault-free.

Scenario 2:

In this scenario, some margin is considered to tolerate the behavioral fault of EV owners and parking.
In other words, EVs in this case have a fault of 2 kWh from the actual SOC. Also, the 2 hours fault from
the actual time spent in the parking lot will be from the expected state. In other words, those EVs that
have a fault equal to or less than these values are not considered to be at fault and will not be fined.

Scenario 3:

As mentioned in scenario 2, some flexibility is assumed in the initial SOC and the fault in the entry
and exit time of EVs. In this scenario, no time flexibility is considered for further analysis of parking
profit. However, the fault in SOC is forgivable and EVs can still have some fault in these limited states
defined in Equation (1).
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SOCZ, —SOCZ, <2 (1)
Scenario 4:
In this scenario, no marginal tolerance is considered in the initial SOC to further analyze the
parking profit. However, EVs can still have faults during arrival and departure, and these types of

forgivable faults are defined in equation (2).
(t:ct _t;p) + (t:xp _t:ct ) <2 (2)

3. Test Results and Discussion

The simulation results for four different scenarios of random behavior of EV owners and parking are
summarized in the Table I. This table shows, when with random behavior of EV owners’ and parking,
their costs will increase due to the imposed penalties. However, with imposing these penalties, the
presented scheme operates better and EVs and parking will have optimal transactions with each others.

In scenario 1, the offending EV owners have to pay a fine to the parking lot, and the parking lot has
to pay another fine to the EV owners for not meeting their requirements. Overall, in this scenario,
parking has the highest amount of profit compared to other scenarios.

In scenario 2, some fault flexibility is assumed. EV owners in this scenario can have a fault of 2
kWh relative to the initial input SOC and a fault of 2 hours relative to the actual versus expected time
spent in parking. This means that EV owners with a fault less than or equal to these values are not
considered faulty and are not fined. Table 5 shows that in this scenario the amount of parking profit
has decreased significantly.

In scenario 3, as expected, due to the lower fault flexibility in entry and exit times compared to
scenario 2, the parking lot received higher profits than in scenario 2, and the faulty EV owners pay
more fines.

In scenario 4, the same scenario as 3 is applied, in which parking will be more profitable due to less
fault flexibility than scenario 2. In this scenario, there is no margin for fault in the initial SOC.
Therefore, the total profit of parking is about 2.6 times higher than the total profit in scenario 2.

In comparison, when considering the total profit of SPL in scenarios 3 and 4, it can be seen that the
case with the margin of fault in time will bring more profit compared to SOC.

Table 1. Money transaction in different scenarios.

ScenarioNo. LOCP FSOCFP ISOCFP  PTFP Profit of buying /

selling electricity for parking Net profit of parking

1 £-388 £-4639 £4774 £19800 £965 £20512
2 £-66 £-4972 £1894 £4452 £938 £2245
3 £0 £-3940 £2316 £4956 £1053 £4385
4 £-53 £-4247 £1995 £7161 £1092 £5947

4. Conclusions

In this paper, a PSO-based algorithm is presented for scheduling EVs charging and discharging in a
smart parking lot in the presence of uncertain EV owners’ behaviors. The algorithm is designed to
allow for power exchange between EVs, parking lot, and upstream power grid. Operational
constraints, rules, and limitations for power exchanging among of parking lot, EVs, and upstream grid
are addressed in the algorithm. Different penalties are considered to improve the performance of the
algorithm. In addition, in order to make the parking lot performance more realistic, flexibility in EV
owners’ and parking lot faults is considered.

The proposed algorithm was successfully implemented on the scheduling of 150 EVs in a parking
lot with a capacity of 200 EVs in different scenarios. The simulation results show that, the parking lot
earns the most net profit of £20,512 in scenario 1. Because, in this scenario, no flexibility and
forgiveness in the fault of EV owners in the timing and amount of charging and discharging powers is
considered. Consequently, the parking lot obtains more profit from receiving fines from EV owners.
With increasing flexibility in the fault of EV owners, the parking lot's profit decreases. In this way, in
scenario 2, the parking benefit is reduced to the minimum amount of £2,245. This is because, in this
scenario, the greatest flexibility in the fault of EV owners is considered. Similar results can be deduced
in other scenarios.



https://ses.ut.ac.ir :as s <ol

YAA-APAY Sy Sl LLs

Ol oKl ol L

JU 5 3900 30 10 diowi g S 3U 18 (K JiSIN Slag 4395 § L0 g 53l Angd (5 3 400

93995 (Sdlo (ol

ewbs 5y

shabbasi@tvu.ac.ir :aebbly . ylpl ¢y ol o oKl ¢ S9usalS 5 (5 (witineo 515N

ouS>

4

o OlNb!

ol SUy (65,00 (el Lol g0 I3l 5 SIS (slajl5 S dgo (Sagll (5VL
1155 e LBV 3 gyl 55055 5 5505 Lol el o ot (EVS) oSSl &l Loy Lol
alye Qlipebl bl Sy 5 (6553 coptel wilo (3L 5 (o3laill 5 (28 Pluwe b 1) sV &35 80
e eSS lis pl )3 sl (5958 BEV 553 5 5)L5 diadign (632)a0b 5 ccnlply S
o) ol o 1) bl Ly | by Syl 3 BEV 5,155 5 305 &gy csiesaig 1,2 PSO
399 )Ll 3550 Gloj oMbl s LEV 63 (SOC) )i cundy (2lad 5 adds) ol ol 52 o650
3 g0 Bld S )b 4 By Ay EV 1SUle uael sla)lidy (glys ol S 4 25,5
5 1w EV 5l a9 il 5 tinign K551 330 095 51io ey (6l Al
il @l il usl 003 (ialojl aBly B ez (slogeylias b Culgo L (olaity w8
o a S (Bl d9 093 BBV (80l (inels )85 )5 (g s g dllasil i 50
Bllasl ey LY gpliw 510 uSea 5wl e (2 BV (S0l 1 3L)5 cloaey > JialS
tlasl 455 zum a5 Y gy 5lus 53 Cpiored Wb o LialS Lg VYYD Hlade JBlas 4y KiS)b dguw s
Wy o 356 YOV (w395 ke yiSlis 4 KLS b dgw s jlme EV pSUle uneli J1B) 4o

Dgd e ySln ) gl 3 g Bl ¥ gyl S EV 1 SUle & e cogdleay

Wl £g

Wl sz ,U
VEEINVYA 8L s U
VEFNYINY 16,5550 &, U
VEO YIYY 1 e dy B,

NIRRT T

:bj‘gdg,ls

dot saign S )L
oSl g 095

‘il

R LB ))

(PSO) )3 s40! (gjlwdine

dolidad 9395 (SWe uneli JUB) jpan 3 0T siadign SOk p> (Sl logyngs 5,105 5 5)L5 A (gjuyaalip (1F+0) Jljged o(pulis 2Whw]

DOI: http//doi.org/10.22059/ses.2026.413326.1232

Oyt oKl )Ll duso 2 gl

FEVFEV (F) 0 ool sjpl cslopianms

(o] 2y —
DOI: http//doi.org/10.22059/ses.2026.413326.1232 @



https://ses.ut.ac.ir/
mailto:shabbasi@tvu.ac.ir
https://doi.org/10.22059/ses.2026.413326.1232
https://doi.org/10.22059/ses.2026.413326.1232

£4) b | o diadge KLl 40 (S S slag 095 55050 g 5L Ay s 3 yaoliy

dodo .
St ¢ s sl 5,0l 5w dw > S sladig, w3l cou a5 ol dalge 03,28 Vo5 b lea p (55l el
Vg0 sdes S e pBY ol (605, 5l iU claoan VT jlisl g ud pB3 codgase ) E pliaiss
51 osll ¢S Clinie Hlisl 308 1SS (59l 5 (laldS il a5l i il 4 s g b [Y-V] conl onialy
om o3l GBS ool 2 [0-F] sl Gaal3 42 5 s slag s b dmalie 3 e )3 (EV) 'Syl i log
S £ b 355 o g b slagyins 5] o o 393 Yo JLo B gl 98 WY sl sl e
ol 0 &g % sa5tie VLI 3 YoV B YA Jlo 5T W EV fasie S5l Gt bl b [5] S o cpiSols
Al 5ol Yo A o 0 ailale ol 5o Yo 5l iy 4 V)Y puolins )0 dibiale olSiwd 2 0 dgus j Jigy8 &5 oyl
9255l iBgte Vore Jlo U1y Jd g (i slagngs (09,8 45 cunl 03,8 pMel Lol g (Sl [V] o
JA] 25 algs 0303 g Yo+ Jo b yao el SVl a4 olswd Coow 4 jguS
Mo yoyre 1y bdpe Gp & lapium Sy o sl BEV sais ]S 5l ¢ 5l 51 b & gadge
P Ty wnti 58 50 bulyd > oJle olaie 4 J4] 03 )5 0 5 Sl OMMte 238 Sy lyuis il
2 LEV 5555 9 5,5 el ange itz plonl ulpbe [V e] b (il 003 0 4 Wlgie ol cpl 0 Jisie
5 5ylb Wlgs o a5 Cawl Mawign (65l Cupte w9 10t Madisr SSHL VY] Cuwl (gy900 EV Sl S3las
CLS )L sl dun aole; 4 basye 3 Slas g jdle ¢ Sibay S Copialy By slagydss 51 (gl dlaws 5)lis
35S Ao LRI EV plolo 4 culie caly i baes i i (ol «Caol 03,8 455 |y onspoo G 10F M0
0103b ol ds UEV lalo ol Glasewas 5 baylidy L8 sla)l5 5 Jboopl b .65)S 58 005 10t tiadbonr SiuS')L
]y 2929 0T Koot KiS )b (st yloj g (g32)40b 0 (63 )18 Ly yad jD (639008 o ) A 48 S

2 BEV 5,55 5 5,Ls catnloj 5 osial (SLolis ualad pas (8,5 5l )3 L (ol Jao S eSSt ol 8 sl
ol Gun oS cul glals poin  Bolas s 5,400 0 e (£9 Jdo ol [1] Conl os slpiii 10t diasgn KLSL
T (5 Copte phame o mmen Cul ol Gloj 81 6 3 5l 5,00 (55 IS Buje (i, B 4
BN Gl i (o ol (Al sBa g5 5l By clogdss I lasseme sangle; ilwaige sl (EMS)
» BEV 808 5,5 5 5l (il by slp [)e] el oas ol (PHEVS) "08% gyen (Bp slagyigs
S 55l 5 BV 5Sle ol oa culdy im b wae EMS oplil S oneie BEV | siadgn i)l
dL&:W ke uol> d)))l CJL.A &9y LY AJ)‘.) d9>9 u.)l.tb&uf)b ‘)iz’.) Sow )‘ [\Y] Caw] 005 JLQ(M o g
b 395 53 35 15 (ESS) (65l 853 i S iy )L Cupie i o] 53 85 )l 35505 (PV) " Siolilgys

. Electric Vehicles

. International Energy Agency

. Plug-in

. Scheduling

. Random Behavior

. Energy Management System

. Plug-in Hybrid Electric Vehicles
. Photovoltaic

. Energy Storage System

O©CoOo~~NO U WNBE



iz 5)L yolate 4PV 9 ESS e Sl (n Sptdie 3 by 20200 s So ik nl )3 IY] el 03>
SiS )y A iaploy 0 EV plolo _bslas clayls, 45 cul ooy ot gdly )3 8 ol sl o ok EV
SEV plalo « a8l o 551 Jols L 10t siadign SGS)L dige o pde 5 ol plsil b ol mpe jlons 10t Aialign
D 9 W 09800 (Sae (3 VL i

5 BV sl (Solad slajld) (535 jlai b fot wiadge SuS)l Slles angle; ln ook 8 ol nle
2 BEV 5,55 5 5L (gipaeliyy Gl BV Yoo cud o b SiS )l o ol dlin oyl Lol Gan Masy > g piyillas
Condg (2ld 9 gl polie EV Sl p (Canl yus B g 00 Qlal elgsds @90 4y )b () sl 0 a3 57 L
Sy i Laaoss g 48 403 o () Sk & 955 9 939 (o ccmizpon 9 s gy S 1) (SOC) EV T3l
Jlasl sl ) o2 mml) (5520200 52 25 ol el (3oLl BV 0puS0lo yl8) a5 Lol 51398 00 (33130 (sizles (siloaiare
ool 2 Gl g 2980 dlge)d dbiasin Al Sy cppdge cpl 4 b lp O Bow alags i sl b de >
Cal > sl gy gl b duglie )5 05l L i ysS) K PSO 395 00 #1,) (PSO) @l plodjl (gilodingy pi s
Lo bgilodnd gl ol oad ablis wo b bagjludnd gls 5 oad Jlacl g3l cul 13 SS)b g2l cpia [IV-10]
el dlie pl 53 ooleidiy ip2elp ok (2L

Y i sl odds 1) ol (gan 90,8 g (ile e F Lisu po il sad adilejle @y cpl 4 dlde oyl Al
ol 0d Ao B iSu 5 zols 9 03¢ v g Lialejl ol 4 bgsye

L YO AL Y RS ARV ¢
9l 2928 (B w5 ¢yglatecnl 4y canl 0ud LI SUSHl (g50)00b 0 ik (o) ilodie i ol 3 lagilodnd

g 4 a5 STy il (Camased) 53 93 cp (65 ,5] Sador Jols S 0t Miaubgn SiS )l cld aiaS oS jobojlors
OSbey J8ls 4 5 SSHb dgw bl Sl 4 Bua (g jlwdigy diwe ;3 (V2G) &S 4 adds dluwg ¢ (G2V) alis

Bz &b S cnlply Sl 4L Sk dgw csrngle) e (ol (ol Bua e 4wl BV (S0l & o

OBJ=§Z[F’1+P2]+P3 (V)
=>:f>u° ol ¥ ey Sygo 4 g Canl EV 5L5 gl 4K 5l osd ol 3 (551 5l odelcunday palls sgw B oS

P = —%( pricel,,, x Pt )+ _NZV“(1+ A)x( pricel,,, x Pc'h‘) (v)
) Db g8 Ml;w Vdkyl) g 4y g Cul ol 44055 Gl LEV (65, 15 s 29 P, O )le

P, = pricet x| P )+ 3-(0+B)( prie 1 L )

bl oyl ass 03590 s G EV 5Sle 0 b SiS,b S cowl (LOCP + FSOCFPR, ) ool (slades > Py oS
a nb ols Bolay j, s G EV Sl &S ( ISOCFPR, +PTFR ) alld slades > Jolis Py picmen &S ci by,
D9 o 330y S b

1. Penalty
2. State-of-Charge



<l b | o diadge KLl 40 (S S slag 095 55050 g 5L Ay s 3 yaoliy

Ny Ny
P, = (LOCP, + FSOCFR )+ (ISOCFP, + PTFP) ()
i=1 i=1

b lis cui g &S Wyl 18 P g Py (B pd cute b e cedle L a8l slacs)le a8 ail atily as g8
ol S8l 2l b 4 g

bav > Y-V

plod o lot Niewigr SiSHb (slp de (oiydebp 4 oliwd jslaie 4 oadol Bua mlg > das > Jolos 51 S
1Ngus g0 gupuid doldl > g 009 EV Sl Bolad (ol )ld) o e (gl badoy o ol biloss onileS Sloj (slooygd

(LOCP) ' 9 (5019 Cawd 31 &3 3 03 3> (A
BV 5:Sle slp codil S slagloj ) ol g b g JbeS slacels ) 5 3 oSl wrdedl)] (g5paeby b
Cawd jl Cuoyd pl Canl (Koo «KS )b Ao ginley b EV Sl ple dola jld, aile (LYD& )l 292
e LOCPI ..A.:SL;o cahby EV wﬂ" & Caolye O‘?'::’ & S HL sl slas s ol b oyl L’)ﬂl 3 D9y
LOCP = max (0, payL, — pays, ) ®)
393 Obl 33 SS9l o ol (o PAY o sl S 4 pll 4l Ay 3135 el 390 dles PAY, oS
lla i - i - i
pay, = > [(1+ A)x( pricel,y x Pl o )+ ( Price) o x pit pen ) i € (1.2, N, }, LY ey <0 *)
t=ty
it i, = .. £ . . = .
P pzlact,Dch 9 p;ctt,ch Wl SiSb 5 4l Aoy ol g9 )3 ooy by 9 SS)b W EV el 399 oloj 1, oS

(FSOCFP) ")l (Sl Curdg 38 Cunls doy 2 (&
D9 0 Ao Y dlayly Cjao 4y KiSHL jl 23 pKin s EV & L5 )90 5,5 &) pas day >

SOC}, 4 =SOC},, —SOC} ., v)
15800 drmlne A dlal) & g0 4 Xi e (53S]

% = (1+ A)xmax  pricel},, )xSOC; 4 (A)
09 cn dnnilina & 8Lal) &0 4 FSOCFP o o

FSOCFP = max (0, x, ) ()

5oL e e gli5 SOC] gy el K8l 13 pli EV. bl 5,0 5 Wil 390 5,5 i SOC, 1, 5 SOC) o, S

D5 651 85 1o Sl ploj b Wl e pli s Ay &S sl (S5 Sl max( pricely, )

(ISOCFP) "5l 31l cuid g 48 consls &9 92 (2
90 g0 dpmoloxe Vo dlaily G900 4 SES )L 4 399 pBUn BV adgl 5L jlade (s pas doy 2

1. Loss of Opportunity Cost Penalty
2. Final State of Charge Failure Penalty
3. Initial State of Charge Failure Penalty



SOC;,dif = SOC;,exp - SOC;,act (\ * )
y, =(1+B)xmax( pricell ) x SOCL (M)

D9 oo dwlbo VY dlaly & )yg0 4 ISOCFP ¢ yuuao
ISOCFR = max(0, ;) (V)
Sloj (b Pl EV Lawgs |y (o8Il (6551 il oo Sl o ol (S5 S las max( pricelg ) oS cusl avgs LB
4 3959 plin pll EV (a8l ¢ 5l 5)50 55l s SOG,, 9SOC,,,, -Adgyb aSud 4 Cawl SiS)b j> &

P PLEV & sdddaidg s (655l cuod )5 cslio pegd b (A3 joolie il iy 5L &5 Sl 1 (S5 S5l
D9 0 pi Sk o i loj Sse

(PTFP) ' 1900 obo e 403 32 (9
€l 6550 Ragyr el il s ells iy 05l3 3485 S5l 5 s Ay oysell a3 b 39y loj Canl 30
2, = (L+B)x[Max (0,t; i —ti oy )+ MaX (0,8 e —t] oy JI | R o | WX ( pricel ) (\Y)
PTFP =max(0,2,) (V)
5 L 45 35L g8 oloj 5l B ol @ b 29 3)lg 295 (o) S ey 44l Aoy o5 s 0 ¢y Soj S
95 Ll 3)90 5 (ABly (loj s gy 9y s sl SESHL LBV ppall ey STl )50 5 adly loj t L
sl SS L GIEV el
SOleii 532300 ¢ T Sy gue Y
aB)3 i 5 clcudgisw g Clasuie dlie pl o ol zib ;0 (S )L dgw uile) yiSls 4 jelaie 4
g 50
S Kl ol by Lol sl EV Yoo sl 55053 g 505 ojuydebipy Bum cllio oyl )3 1SSl b s (il
il il dae VO 5l Wl b KSHL 50 lejen (LEV bl JU el EV V-
L3 9 5L Sl s 56l bl cud )b JBle g Sl 1 SuSHh > 5l s cndil il Sl (o
ol el GlgelS =Y+ g el SlgglS Ve ey
Cuol o 48 )5 jlas 13 Celw @lgglS A (g 5b cudybb LY Jao M (590063 dllio opl j3 :EV (gL cud)ls (2
EV 5l liaes ks ¥ Jio Mud .8 )3 Jas o o5 o 1y coglaio (g 5L 851061 L (6,505 (B (69995 y2 il [VA]
Gl Gl 3> oo (LEV I (S aidl
w85 js 5 By slegydgs SOC ol alacadgizme (gl yoo il jl xSole (515 SOC (glacydgizms (3
5lil oy Ar) Celw WlgslS ¥ 5 (o5l 35l woy Vo) celw GlgelS &y Ailg5 o oo sl il ond
[VA] sl eglate (6 5L
2945 o 98 b eVl ASud & SOk oS sl (51 ol 35w B g A alpd i 958 9 S iy (s
g e 4,5 13 53 /) bagy s plos

1. Presence Time Failure Penalty



#44 b | o aidas KLl 0 () (59,095 Syl 9 )L Ly (s stoliyy

EV (5l glojer 55155 5 55l olSel pas 255l 9 5,L5 (5
LV ]l o odly L V US> o9 5y Caond Cannnd 155 Cuod (b
ol &yl el V¥ 53 o98 B Cuaud ) S5 50 loas 00> LS ¥ 9 ) sla S 50 5o 090 (slaodly sladiges
i) oN) SaS gy 5Hlin g 5l ulyd ol wad o Gl 1y el YF D EV o ol GLEV sluw F S el
o odlitul SGSHL ;> LEV j)lis g 5l sanple; (gilwaige ln piysSl cpl jlcwsl ¥ JSS )50 43 PSO
Ban Bl umor lyd plod (gl g 0 8l SleMbl 310 1 LS dy00 (glrodly adgl Cumor z)d 5l L
Il Cures (595 PSO [Slas )|,S5 50 10 05 o0 H1,S5 dpwlore (] PSO (o )15 slaw piSTas 4 iy U g daols
Flr Sk 0 LEV dige 55L03 5 5L )b waled ) add done die Gl o2 g (sl |y Cumar U095 o0
VIR PES
Electricity Price
14
12

10

£/kWh

12 3 4 5 6 7 8 9 10111213 1415 16 17 18 19 20 21 22 23 24
Hour

(V-] o9 Gt Cnsd Y SIS

Number of EVs

160
1a7 149 150 150 150 150

Y

121 120 121

T -
w i|| ‘
3

Ml

1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24 Hours

el YF 3 S )b s LEV slaws Y JSWG

5

5
3

8

3

&

N
]



Vol oF 5)loid B 630 sl (5 5 Bpissnerw doliliad Y

Initial Population

= - -

‘ Received Data from Information Centre I

i=1
>
i ¥
T~ Calculate
Pz07? 1 P3 = LOCP + FSOCFP + ISOCFP + PTFP
~—— UES
¥
P1 = —pricefaq X | — P P2 = —pricefyy X P
+((1+ B) x pricelzg % | = Pl +((1 +A) x pricefy x iy

Ny ¥
Profitumea = ZPmﬂt(- H 0B] = Profityy + P3 ‘
=7
)

o~

No N " Noof Iterations
- . < Max lteration "

]

Optimal Py Ppen X
I PS0 Algorithm Update of Velocity and Position Strategy |

]

° l Re — Arrange of Velocity and Position |

it 583 9 5,8 8 Y JSus

3T pldt g, F-¥
(oS S cpl b o S 00 jh SLSL 4 @95 9 299 il slaglej b jgy (o BV Ve slas cellie ol o
(S yox5 BB g oud Sl olgmds @ )ao 4 dlasl pl) Cunl o (5,8 EV VD

4 colo ) bl LB (o5l &g o s o] B g 0l Jlosl 5 (slagy )l (sl (ooloiy (5300000 b
Cawl BV 08l &5 by JBls 4 5 SS)b dgw ke Slis & jolais

)Uﬂﬁl D)}o )l:é) EV Y.~ &M )' EV A- Jl.\x} 4§ 99 L)?“ LY f.ﬁ)b LSBDLGJ )bé) EV OSJLo }1 Juo)) ¥e ‘%)Li.w uil JLl
8, #15,,t%, #t%,, SOCZ, #SOC,,SOCS, #SOCY, (V)
(Liwa BV 58l slaaas > PTFP

ol oddb o3y HLis ¥ S 0 el YF 0 EV o (65,50 (99,8 b 5 5 il suddble Jo 2l lade



<l b | o aidas KLl 0 () (59,095 Syl 9 )L Ly (s stoliyy

b By Cand 45 S am3 e 5l yn o |y (RS )b 805450 s g 0adhld ol A e O S5
(Srae gyl gloj) conl YL G cansd &5 Sy gloj ) 9 55U 1 LEV SGs)l (b sl 58 gloj) 23b 5oliyl oo

3 2590 295 SOC 9 EV (3:8le (sl 4y ey Sl (5Yolo 5 jlade S (0 52y &S ]y 50 SS)L

ol Lag o ba ]

Vgl 3 Jlo ST polie Y Jgi>
LOCP FSOCFP ISOCFP PTFP &)l lp G0 gy o pd dgw K L (alld dgu
—YME —fs¥af YYWYE VaA- £ asof Y-0\YE

Scenario 4

Money Exchanged (£)
o 8

0 20 40 60 80 100 120 140 160 180 200
User ID of EVs

Vgl 0 EV ol 5 Gag 8 5 05 8 SIS

Parking Load Per Hour (Scenario 4)

[ ch Power
I Dch Power
a0o [Tl Power Demanded
400
5 III | l II u
L
-200
-400
0 5 10 15 20 25

Hour

Vgl 3 el y2 3 SISk ol Jols 10 S

Y ol (@

P LEV (S5 oo 4 el oad 48,5 Jlas 5 SS )L gEV xSl (o)l s Joos (gl audls (glude gyl ol o
0B o (ABly lo; 4 Cuns o Celis ¥ puiorod Aiwd (28lg SOC & Cond Cels SlgglS' Y (sllas (glyls 350 ()
o) glane b yieS slas a7 SLEV jlatss o (05 ol 4 g dimlgs sl 590 b ) S (Eq, tg) SiS )b 5o
g g0 dagyp g 0dS Cgmre HS s sl anily yolie



VFoB o 8,Las o 690 sl (570 s loppiunew dolilias £OA

Ly a5 351y 1,8 s duils pdaw p3 byl o3 wo )3 Yo g ,Sas LEV I soyd Yo b go)liw ol 55 o wloolip! y
eopl gl g Bl SOEV VS Cm ilo g JBS EV ¥r DU EV Yoo ol cpl il (g o (82U 0dguicn pgd

il i 3)lge polil o gojlior el b yd

SOC:XP SOC:Ct < 2 (tact EXD) +( exp act ) < 2 (\;)
e KS )b o2 s EV 80l ob a0 ol 1) (ilodinge die o 51 Gy oddainbre Jlo (ST Y Jods

Ao polio .l odd 0ol L & IS 0 WS o y09y8 9 by Celw Y D EV 2 oS snddble Jg (2l e

LOCP FSOCFP ISOCFP PTEP  isS,b glyt Gyt crinyd | disd dgms  SieS,ly s 3gu0

-ss£ -favvE VAYFE fravE a¥AE YY¥of
80 Scenario 5
60
40 o
g
°
o
c 20
m
S
i
By 0
e
]
= -20
-40
-60 - . !
0 50 100 150 200
User ID of EVs
Vgl BV el 5 g g 0 N USW
800 Parking Load Per Hour (Scenario 5)
I Ch Power
-Dch Power
500 [ INet Power
400
300
200
=
3
100
o I
-100
-200
~300 :
15 25
Hour

Y gyl p celo o 0 S8 oy ol Y JSWS



#44 b | o aidas KLl 0 () (59,095 Syl 9 )L Ly (s stoliyy

¥ oubw(z

ol a3 )3 jlas > LEV 23 9 399 yloj 4o s 5 ddsl SOC > Gllasil (g)lade s aidS Y (gg0)luw > a5 jobjlan

SOC o et b ol bl onuis a8 )3 Jas > loj 40 Sllas] gud « K8 ) dguw yidon Judod (glys eq0 )l (pl 53 sl

Wil Al Uad (g)lade VY dlaly )d odicay o5 dgaoe slacdls cpl )0 Wilgi o lioren LEV 5 sl iy B

SOC, —SOC?, <2 (YY)
FSOCFP 5 LOCP) ta3 o L5 et jSlas S8l s EV (5:S0le 55 o oS b gl |y o 2815 ¥ Jois

VY S EV 2 sadable Jo Sals e A JS (1en EV (S0l sladoy > PTFP o ISOCFP o (KiS )l (sladay >

¥ gl > Jlo (2815 0lee X Jgan
LOCP FSOCFP ISOCFP PTFP KuS,b iy Gp gy & s dgmw oS )L Al Sgw

-£ -Ya¥.£ YY\eE fa05E \-OvE fYAOE
Scenario 6
80
60
g 40
3
& 20
5
S oo
oy
5 -20
=
-40
-60
=80 i 1 . . !
0 50 100 150 200
User ID of EVs
Yo D EV oy G g0 g 05 A JSO
800 Parking Load Per Hour (Scenario 6)
I ch Power
500 [ Dch Power
[""INet Power
400
300
200
g 100
-100
-200
-300
-400 ! : :
0 5 10 15 20 25

Hour

¥ ogples 3 cels o 3 SSHL ol ol A U



VFoB oF 5)loid B 630 sl (5 s Lopismmews dolilias £

F g b (o
gl b 005 43,8 a5 )3 adyl SOC j5 (shadlo Jord gt Sl 23 iy b (sl splio al
odd gy WA dlally > lutsy BB slallad g ol g il ansly s z9)5 5 39)9 gloj 5> Wlge Glonen LEV

]
(t —t3) + (o —te ) <2 (VA)
FSOCFP 5 LOCP) ua3 oo oybi |y wituds jS1ad KiS5k g EV (pS0lo 93 5o o5 s 3 1) o jiiS1s ¥ Jgus
(3202 BV 5S0le (gloday y> PTFP 5 ISOCFP 5 (50 )L (sladoy >
alan Mol o o0y L Ve S 0 WS 0 99)8 9 Ly Gl Y D EV 2 &S sdddble Jg QB e
Sl L polis A3 L3 oy 3 1y 395 EV g o Juols (639 sl BEV (S0le | o Lo jis oS 59500
ol ods 03y LS VY JSS p cslio o 50 SUSTHL 55l g 5,

¥ gl 3 Jlo L2815 ol £ Jguia
LOCP FSOCFP ISOCFP PTFP <uS)b lp Gy ohapd | duys sgm  SouS b (s g
-OvE -fYSVE Va0E YASV\E \-aYE 0A¥VE

Scenario 7

8

Money Exchanged (£)

0 20 40 60 8 100 120 140 160 180 200
User ID of EVs
¥ ol D EV jo cly G o985 05 Ve S8

Parking Load Per Hour(Scenario 7)

I Ch Power
[ och Power
s00 [ Net Power
400 4
300 4
200 4
T il 1
0 -_.I_II II- o
-100 4
-200
-300
400 1 L L s J
0 5 10 15 20 25

Hour

¥ ooyl jd cebo o 3 S ol Jols WYY S



d b | o diadge KLl 40 (S S slag 095 55050 g 5L Ay s 3 yaoliy

o g gilo 3T @l .Y
EV uSllo ) (son b 5 o dumlio wn b D Jgds 5 cilies (glagy b ;5 SiS )l (gla ST g dbogsye palys
by QLI el pas Js BV 5:S0e 0 1) (6,505 dovyz b 35 Sk 5 S0 devye SaS)L 4wl s
5SOC Lk 5l 1y la ] Syl g ojlsye s e EV lale 4 kg 0+ YV/AY doo b KiS,b cggaimo 50 205500y
Il Sg YROVE alo SiS )b o) coliw 50,8l EV Sl (oYU sluw s 4y ol 03,5 ool olgs LOCP
odalio )15 gy syl dy Cond |y S9w (a0 0p YL SES)Hb g5l () )3 Egeome j3 S o 8L 3 B 1ad (SEV
EV Sl olasd jads j (x8lg 5o el daled gl 50 SUSHb dgw ol (iolj8l )8led BV Sl dlass (ST 090 0
Do oo cblyd HBas BV Sl 5l das o c8lyys 5l dgmw cpl &5 254 o (RS )b Conad (6 i dguw g i S s

S s 4y .l 05 485 (L5 3 s BV Sl 5506 (glaylid, 5| Lazh o g llas Chllani] (g laie ¥ gy 0
oloj 4 s el ¥ sllas 5 (6345 4l SOC &y s s lgolS ¥ (llad 1l o g0 ks ) 13 EV 5Slo
L oS olas LEV uSlo o Lino ol 4y £zl azdls Lzl 500 cllo 4y o ably b 55 SS5b 5 00d0b po
@SSk 9w e el cul )3 w300 (LI B Joda L ool Aoy g 0ddS Cguine JI S ol cpl (golume
Lo Jbcp bacwe Klas LEV jl aoyd Fro ) gl alie F gyl o cuwl adly galS sy LB o)
dA il Vgl 3 SSHL dgw S5 dopd VY gt s KSHL IS daw eguilus ol jo s g pdsllas]
A prie K55y sy s L5 falS 4 dlss g TSl

gl b duolio )3 Z9 )3 9 39)9 laglej o lad oS (g pdydllasl s 4 «d) oyl & jobilon & g5l
Ol 2 Bibpe it lade p B BV (Sl 5 cusl 03,5 S8l Y gl 4 Gl (g g SISHL Y
Y ogolus ;0 SSHL S dgw (o opl bl bl (iol38 aopn Vev 300 ¥ g lin b duslie 0 KiSHL dgu cg )l
SOk Sipaeln gyliw ja o 15 gy Hlal LB slel ool sl V gyl 1> SES)L o9 S jlaoyd Ve il
b e Gl Sl (8L )3 29w ol @ 4 9 9950 CELPEV (Slle Sl (65508 Aoy Al 4l (gt llas

Sl ¥ gyl & Cond oS glbd (5 ppdydllasl > 4 o 1 o5 358 Jlasl ¥ go)ls g, (lod o 5yl 5
Y/§ 5935 SPL S 3w ¢yl plis 3,15 5959 adsl SOC j5 s (gl (lacils zun g )luw oyl 5o bl dnlgs (g iy dqm
Db oo ¥ gajliw )3 S 39w il il pl

8y 25w SOC L dunlie pd (g iy dgw (yloj o lad &sls b goyliw dimd o LS ¥ o ¥ (slagy s 53 onddd] il
il aalgs Jlis 4 SSHL

g gl (nl 53 1) sl 039 L9y VoOW o 5 ) gl )3 Sk sl Al 29w (b cpgoomo
O le sl (58,5 0L > (g ity SBllasl iz p2 36 3929 BV (pslle (sllad 5l (13,57 jlaidyo 3 (piuise 9 Sllas]
Sy ol g (a8 e e SIS BV 5iSle (8> deyye | SaSl (B3 39w 5b Jlasl EV
oSl JLd, (gl Bllasil yiSlas g5l cpl 50 1y g Hlal LB dguw cpl il B9y YYFA oo 4y 9 ¥ gyl ;0 SSHL
Gl 00 48,5 Ja3 DEV

Sk > (S sIl slag )95 5)L53 5 5)L5 dge (sa)aeby )3 ooleidin Jde (9 CuBge b Jlos! slagy )l Y
ol 035 L2 BV 5Sle pmols i3y jpuin )3 10T diadgn

gyl plod 5 Jou Jols .0 Jgu
gl sl LOCP FSOCFP ISOCFP PTFP  KisS b sl (ot olsgd | b dgw  SinS b palls 39m0

) -YME —-¥SYA£ YYVYE VA £ asof Y-0\YE
Y —55£ —-YavvE VAAYE YYovE AYAE YYYOf
Y -£ -Yar-£ YY\SE YaosE V-OYE FYAOE
¥ -ovE -¥YYVE AREYA S VASVE V-avE MYYE




S5 .F
S)ld) jpa> ot deder S 5 LEV L85 5 55L5 iyl sl PSO y (gte w)of) (o9 cdllio (] 1
S Vb s 9 SISHL BEV G gy Pl el &5 a5 (2lb (g @ )80l ad SLIEV (pSlle (el
o> b Bl CandVl IS 9 LEV (SuS)l Jols sl lacadgiome 9 (35 Sllos (slacadgioes Cunl juge
5 sl Sy 5,Shas 035 sly aie &y opdlesy i 48,5 a5 b 3,Skas g il ol
o 035 4585 L5 1> KiS )b GEV cyuSlle slallas

A5 1l Cudbge b calizee (slagyylw P EV Ver cad )b b SES)h 0 EV VY (gh)aeb (g9) ooleiuiiny o o5
ol 93 1) el 0 CKES 3l s ) syl 33 Bigp Y+ONY oo b s gus (i Mmoo (U5 (5 jlodants gl
Sy oy nl 005 B EV L5 9 5L Jliio g sabrslog 3 EV el sllas: 5 i 5 Cillani] 4558 ats g3l
S5 )k (8L53 29w BV (1:Slle (gllas > Bllasil (]3I L 355 00 S )k ol BV (8l jl oy 2 b3 ) (g i
conylw cpl )0 15 el oo il W YYFD alo bm jlade J8lis 4y Sk dguw ¥ gl pd a8 (gliss &y o8l yials
o il LB aobie gl 505 Lngs i ol 15 el 0 48,5 lai 3 EV cyuSlle sl 5 Collani] oy s



FEY b | o diadge KLl 40 (S S slag 095 55050 g 5L Ay s 3 yaoliy

&b

[1] Kavyani K, Azimzadeh AM, Afzali A, Tahmasbi BR, Saremi MS. A Study of France's Energy
Outlook for 2050 Focusing on the Analysis of Global Energy Supply Trends. 2025;4(4); 463-486.
https:// 10.22059/ses.2025.392926.1133

[2] Ahmadi H, Mirjalali SR, Yazdani A, Razeghi M. Application of renewable energies in the food
industry for cooling and heating. Journal of sustainable Energy Systems. 2024 Sep 10;3(3):303-22.
https:// 10.22059/ses.2024.383265.1101

[3] 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. https:// 10.1109/TSG.2020.3000850

[4]1Sun D, Kyere F, Sampene AK, Asante D, Kumah NY. An investigation on the role of electric
vehicles in alleviating environmental pollution: evidence from five leading economies.
Environmental Science and Pollution Research. 2023;30(7):18244-59. hitps:// 10.1007/s11356-
022-23386-x

[5] Andersson O, Bérjesson P. The greenhouse gas emissions of an electrified vehicle combined with
renewable fuels: Life cycle assessment and policy implications. Applied Energy. 2021;289:116621.
https:// doi.org/10.1016/j.apenergy.2021.116621

[6] https://www.iea.org/programmes/electric-vehicles-initiative

[7]1“Plug-in electric vehicles sales,” Feb.10.2020. [Online] https://www.energy.gov/eere/vehicles/
articles/fotw-1057-november-26-2018-one-million-plug-vehicles-have-been-sold-united

[8]“Ban on new petrol and diesel cars in UK from 2030 under PM's green plan,” Nov.18.2020.
Accessed on Jan.07.2021. [Online]. Available: https://www.bbc.co.uk/news/science-environment-
54981425

[9]Honarmand M, Zakariazadeh A, Jadid S. Optimal scheduling of electric vehicles in an intelligent
parking lot considering vehicle-to-grid concept and battery condition. Energy. 2014;65:572-9.
https:// doi.org/10.1016/j.energy.2013.11.045

[10] Tabari M, Yazdani A. An energy management strategy for a DC distribution system for power
system integration of plug-in electric vehicles. IEEE Transactions on Smart Grid. 2015;7(2):659-
68. https:// 10.1109/TSG.2015.2424323

[11] Abdelaziz MM, Abdelaziz AY, El-Sehiemy RA, Rashad BA. Optimal Scheduling of Electric
Vehicle Charging and Discharging Using two Optimization Paradigms. Results in Engineering.
2025:108768. https:// 10.1016/j.rineng.2025.108768

[12] Mirzaei MJ, Kazemi A, Homaee O. RETRACTED: Real-world based approach for optimal
management of electric vehicles in an intelligent parking lot considering simultaneous satisfaction
of wvehicle owners and parking operator. Energy. 2014;76:345-56.  hiips:/
doi.org/10.1016/j.energy.2014.08.026

[13] 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. https:// 0.1109/ACCESS.2019.2925559

[14] Ghosh A, Aggarwal V. Control of charging of electric vehicles through menu-based pricing.
IEEE Transactions on Smart Grid. 2017;9(6):5918-29. https:// 10.1109/1CC.2017.7997119

[15] Kennedy J, Eberhart R. Particle Swarm Optimization. Proceedings of IEEE International
Conference on Neural Networks. Perth, WA, Australia. 1995;36:1942-1948. https://
10.1109/ICNN.1995.488968

[16] Shi Y, Eberhart R. A modified particle swarm optimizer. In Evolutionary computation
proceedings. 1998;890:69-73. https:// 10.1109/ICEC.1998.699146

[17] Chen Q, Chen Y, Jiang W. Genetic particle swarm optimization—based feature selection for
very-high-resolution remotely sensed imagery object change detection. Sensors. 2016 Jul
30;16(8):1204. htips:// doi.org/10.3390/s16081204

[18] Kelley TR. Optimization, an important stage of engineering design. The Technology Teacher.
2010;69(5):18. https:// 10.1109/ICEC.2010.477116

[19] Eiben AE, Raue PE, Ruttkay ZS, Genetic algorithms with multi-parent recombination. In
International conference on parallel problem solving from nature. Berlin, Heidelberg: Springer
Berlin Heidelberg.1994;78-87. hitps:// 10.1007/3-540-58484-6 252



https://doi.org/10.1016/j.energy.2013.11.045
https://doi.org/10.1016/j.energy.2013.11.045
https://doi.org/10.1016/j.energy.2013.11.045
https://doi.org/10.1109/TSG.2020.3000850
https://doi.org/10.1016/j.energy.2013.11.045
https://doi.org/10.1007/s11356-022-23386-x
https://doi.org/10.1007/s11356-022-23386-x
https://doi.org/10.1016/j.energy.2013.11.045
https://doi.org/10.1016/j.apenergy.2021.116621
https://doi.org/10.1016/j.energy.2013.11.045
https://doi.org/10.1016/j.energy.2013.11.045
https://doi.org/10.1016/j.energy.2013.11.045
https://doi.org/10.1109/TSG.2015.2424323
https://doi.org/10.1016/j.energy.2013.11.045
https://doi.org/10.1016/j.rineng.2025.108768
https://doi.org/10.1016/j.energy.2013.11.045
https://doi.org/10.1016/j.energy.2014.08.026
https://doi.org/10.1016/j.energy.2013.11.045
https://doi.org/10.1109/ACCESS.2019.2925559
https://doi.org/10.1016/j.energy.2013.11.045
https://doi.org/10.1109/ICC.2017.7997119
https://doi.org/10.1016/j.energy.2013.11.045
https://doi.org/10.1109/ICNN.1995.488968
https://doi.org/10.1016/j.energy.2013.11.045
https://doi.org/10.1109/ICEC.1998.699146
https://doi.org/10.1016/j.energy.2013.11.045
https://doi.org/10.3390/s16081204
https://doi.org/10.1016/j.energy.2013.11.045
https://doi.org/10.1109/ICEC.1998.699146
https://doi.org/10.1016/j.energy.2013.11.045

[20] Alinejad M, Rezaei O, Kazemi A, Bagheri S. An optimal management for charging and
discharging of electric vehicles in an intelligent parking lot considering vehicle owner's random
behaviors.  Journal of  Energy  Storage. 2021 Mar  1;35:102245.


https://doi.org/10.1016/j.energy.2013.11.045
https://doi.org/10.1016/j.est.2021.102245

