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Abstract:

This paper presents an innovative approach for enhancing the performance of renewable-based
microgrids (MGs) by focusing on two key aspects: optimal operation of energy storage systems and
reduction of load unbalance. First, a detailed model of the energy storage system is developed, and its
optimal sizing is performed using a stepwise optimization algorithm considering stability indicators,
state of charge (SoC), and battery lifetime, and battery lifetime. Several scenarios with different SoC
ranges are defined to evaluate their effect on power fluctuation. A novel quantitative index, referred to
as the Smoothness Index (SI), is proposed and used to assess the performance of the system in each
scenario. In the second step, an adaptive decision-making algorithm is proposed to utilize single-phase
electric vehicles (EVs) for load balancing and neutral current reduction. The proposed algorithm
adaptively assigns EVs to the underloaded phases in the MG. Simulation results show that operating
the battery within the SoC range of 20% to 80% provides a suitable trade-off between power
smoothing and battery durability. Moreover, the intelligent deployment of single-phase EVs leads to a
48% reduction in neutral current and a 12% increase in the Sl index. The findings indicate that
combining optimized storage utilization with smart EV allocation can significantly improve power
quality and operational stability in MGs.
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Figure (1): Schematic of energy storage sizing
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79


https://jeps.dezful.iau.ir/article-1-536-fa.html

[ Downloaded from jeps.dezful.iau.ir on 2025-10-29 ]

Journal of Novel Researches on Smart Power Systems - Vol. 14 - No. 1- Spring 2025

BT (S Sl g 095 5l oolaiwl b pdyasass sbeaSiiiy ) 1o b Jols pae ials g (g5lwo 53 gl 8,8 ylojpe (5 5lwdings

Ok 429, Y

Ol 00, e Sl aSiln ) 50 )b Jolss pae (2al5 5 Ol )b St sl GRegh s3liin woz)la i onl 0
Wobgd (aadt w9l g lwe 33 516,18 0 g Slage i (995 (b))l slepat s (b et szl
el Sy S gl o5

Silw,lgen (aLo -¥-)

Gy g adaly Sgon 05h oo (e Lol 5158 plgiea Bkl 0 4T pasli (o Jke & sboles

23305 o0 )18 6551 slwo w38 5l 650 po e 5 (g Sllag b dgrlge 50 s 3,8oe (o)l (Slie g 00

n n,

'spikes Valleys
RI'= Y|P, = Pael+ D [P, = Pael @)
n=1 n=1

ez SSlie (795 bsie (lg eaias Lis 55 PAVE g ooy (55 ol (i slaeys 5 Laald (g P )] o oS
Shoporios 5 Lape;She @8ly )0 a5 damd oo GLaS |y (29,5 Ol sloeyd g laoald slass 525 Mualleys 5 Nspikes 5L el )b
ailos (29,5 sy Ole S (e

il Sybgn e 23 S5 5 6 mnl S iy 8 o B o0liiul 3,90 allis sl 3 o RI a5l
Sl 5 5l o5 solone 5 05,5 (6 Sashal ot sleg a5 | (s, ol slabiod Sl oline L
oo oal8 oy

Do e Sy 5 s 5L satas LS 8L YL (a3 ) lake d, R (sl oy Ao lae
Pl O 3l lsem g 0)ls gyt Sllugs sl s iz )0 (7955 Ol Res Oyl el oy Jsb 5o (29>
RYPIREAPES

0y Shas dslio sl Jiias jlas olsieas o1 51 lg5 co g 00 Dy oy Rl a3 Lis axly a5 ol ol as g5 LB 4SS
33 ot G oo sla el )bl JUST 50 (a2l (b o 551 Slee 2 5l 6l po e S (slags Lo
55 Ul 5 5 8,Khae a3l ol ol S )

35300t b 0l o Spnge 3 S e pat G0l 5l lpa oloe JoL bl o b a5l o
Solaed azli (lgs oo IS aslol jo . 08,5 walgs )18 alie sloo g, aslio 5 bagluans s o gl sl
ol slpaion pj adaly & ysoas |,

Sl = 1—L x100% , i=number of scenario )
max(RI,)

Lal 1, Rl s ls oS (iits g o0l iy yoi 9,5 olg 231eSo b g)laan ol olacas ST waksadl | alal) o
PS5 3 s o9t o arlone RI Jlaie (655 5l 1038 s 51 (515 0502 S0,k 2 Sl sz )lzr Gl )0 S s
53,5 o 00l SIjlade awle culys jo s RI a3l g5lecass p sl Max(RITT) o) o lade
Sl (s frondy .l alizee glagy jliw o ,Slos dunlie gl axly (ya0s 5 (oo Hlire SO 0l (g5l Jlop o) 5l Bun
DS oyl aop Ver B o3l 4o ol ke 5 0gd co lo oy O jgods
Sl gadgs g 1o 5 i Sllug g pasad (5 leenl samolis wil FGo5 doyo oo 4 SI lude a0 o
i (7355 G195 e Sk 5 St 6)lsen Nlo il 505 aops Ve 4 S laie azje Jlis o e
Ao oo Hlid 1) g pogllhas Camsg ol coaS Hlaie las ol
Sete 9 Oly Sllug (28l 50 oasi >k slagy L (6 18531 2l ln 69l e S plsrea S a3 lo (alpls
Dgde 3,5 S asbighl (ul )0 &l ) e 5l0k

Y.


https://jeps.dezful.iau.ir/article-1-536-fa.html

[ Downloaded from jeps.dezful.iau.ir on 2025-10-29 ]

Journal of Novel Researches on Smart Power Systems - Vol. 14 - No. 1- Spring 2025

VEF Sl - sl o)leds —p0,lez Jlos —aialion ©508 slapins ;o (ngh Oliudod 4,00

S 5L oS dos dgap slB0 S5, -F-Y
J=los g (2 lb aSitn;y 5o 651 silwe 38 et 3 Shes (b5l ln (oulel Jolie 5 (So cagh cal 5o
=97 Ol ol Dllwg g azrg b cwl ool aid )5 )l 1o (ool aldgi jea> 10 (650 po 0 Alidre slag Lo
gt Bl Sl (alS 50 oS a5l b (5 5b 5L e (sl At e3g05me (n (g0L Slo 8
)1 jleouS S5 jee Jobo (il g Glg5 CodS
5245 Wload (b lagy )l 5| slasgarme 155 JoLs £33 5 s Sblugs 2 SOC o5l S ysis il gol (g 1 ssliaieds
ol 525 95lg0 Jolls gy L cpal 2ok 51 lol Slaal 0 15 o Sl 50 (5L (sl | 5,L0 gl 5l paseine o3l S

(75> Ol Slblugs 2S00 ojl 50 b lusgazme J1 Ll 0

0,509, 2 0 S 3P Ol omin 0

G55l Gl JSew a5 s alS Baa b sl po e e 0k 8L @

o Job Gialidl g RISH slaazlss gl ) oy Sllugh (el galdS Baw 50 (s Jobs 55809 @

55 slwo >

099 slaly Cundg il gy )lw ol wloads (gilwansd 5 (gas (V) Jguar Gillae (6510 po e 925l Said dLiwl) (o 50
L e L) syl) clides glaojly ;o alids slacasgas b 5l poste V> B (Gho 550,be) jluo o3

g oe Jol
Table (2): Different simulation scenarios
Sibwand bz g L (V) Jouo
&350 3lwe a5 31 (5,18 oy Jo &
6551 sloo 23 sloslital (y9n g3k g LS Fro 3,505,
ao Ve b 0 S0C oL L 550 V5,50,
ao, e BV 50 S0C oL L s 5L Y 0,5,
aoy s A B Y 5 SOC o5k b sl ¥ o ,Ss,
aoyw Y BYe 5 S0C oL L s 5L f 0,5,
aoy 0 B e 0 S0C o5L L s 5L B 5,5,
Soyd Ve B0 5 SOC o5l b sk 70,5,

5 039 ouiogazes MalS Layl 15 1 (55luo a3 ey Sl 51 6,1 000 cinbs olS _po iiigy cral> b cnl 5 G
Sjloos o031 piama s3lamdl g b slaasls 5 SOC 8 Slee odgame ,3b Gds bl oSl

SBST lagyo95 bwgi (Jolaol dgmp 419, -¥-¥

4 e @l slasld slal > g Wasldy oyl BT cailoads a5 Jolaiel & g0y jBaw slo,b aS HlaaSiiy, o
Sl Gloasly bl g 065,51 Dlaly ralidl (ol coteS rals el badlie (pl 09l o0 o0 g (e slaadlie Sbx)
Oles Sllwss glylo Ll as 6oL o pmyei aiile Hlull pdhasass 65, mbee jgam o alius (pl 860,85 o S Sl
ablio gl 330 9 (gt lo)l5ol) 51 (S w18 30 cod gaz jsbay ) sl (5l Wlgh go g 00l apdd s
20k il dolaie gl g S g weben sla b plyiea JBSS (S Sl slag 095 5l (6 pS e (Ml (I b
] A 3

\A



https://jeps.dezful.iau.ir/article-1-536-fa.html

[ Downloaded from jeps.dezful.iau.ir on 2025-10-29 ]

Journal of Novel Researches on Smart Power Systems - Vol. 14 - No. 1- Spring 2025

BT (S Sl g 095 5l oolaiwl b pdyasass sbeaSiiiy ) 1o b Jols pae ials g (g5lwo 53 gl 8,8 ylojpe (5 5lwdings

S S slag,095 5l aS Cunl ould Wl Al jo 5k (Jolaitel Cundg Sgnte S by (J50S gy S i (o
Al calizee ol 4 g y0e5 eudais b g alarie Jlasl ¢ jig, cpl (ol oasl . auS oo colaiu] wiedan & goa BT
Lol o Jolsd poe a5 0S5t (laigfay it (s0,Sy e0ddsi 5 L Ll @ aty alasdd 50 )0 a5 psboa v
5800 L2l GuelS al> 0wz )b jhanld sl als
(FOal e arlna g o (laliod ol (g Sojlail b 5t b S L o 56 aseis ()
il sl gl T Gz als b il Bas b ol olagls 4y S 2SIl slag 095 diadiyn arass (Y
o aS2) G2V 5 (aS—is 4 5,093) V26 (slagSIl 5l oalil b oas J 508 5,)La0 5 5,)Ls cubils 65,54 (¥
WS hasi | bl (l > g 00,5 Jee pdyBllasil Bjlas b lis (lgieds lag )35 B (905>
Jlailog25 50 p5¥ Sl i Jloel 5 ot dyazr Ll (bl 2 (sloyg0 &0 (5 S e Gloyi9,0 (¥
bag 29>
S5 S50t Gl Ol p g (g CodsS Sene (Jg Ol Rl aile (63,190 el 0505, (nl (suelS bl
el 50 by (ml iz Cal CeaBlS (Jolaiels ol Dl 4 5L Bde g plynae plie jpa> 3 ohge
el fadpoays e s gabatl a5l SG Sl slag 055 S92 g0 a5 ookl sy (gl sl SO, L
Sl L (B 595095 Wiz (99 (e )3 ke (2laS B sileand Lo 5o Joe (al 385 (silwesly ln
il sbagdsw Gk 5l Jlail 3 s Cobl 9525 5 «(SOC) 5L grhaw jloms o5 5o 5,La0/5,Ls ey Sl o]
s Axsgi el ¢ 3Bs (gt (LSel 1 odle 45 ond b claisFay il ol ol oa 43,5 L o
@l G 5 e ,Sagy o b ol anslin 5 (a5, nl 9,8es @l ol s i 1) (adly (IS Sl et 53 (s3lwosly
ol )8 bl s el 090
Slwand g bs ¥
sl 0o alzsl MATLAB/SIMUININK Loe 5o s30e slasjludnds «golpig o ol o Slas ob5,l jslaea
dlie 0080 L g Jelow (S0 S0l slag 095 Jlail 0520 5 5luo i3 5l ()l po e ogas 50 bt Slag L
iloaus
SFL Cad )b (i —F-)
S o 2950k 5 60 Gmyes Ole Slleg I Slaitay Baa b aS wlsn cnl 50 5L clie Sl (s sl
S 45 sl iyl s oy sl o0y 28,5 a5 10l podsal yo Sleaslons 0] 3 Sy wensl s b b (clalind
4 Olgg LS Ve sLolly S Lblapley (B )0 a5 Conl slaSiln; 4885 Jl 5o Slogl S0 (ol (g5 b ool 88
il 25 Trb 4 5L Syl Gund By 09d o0 a2lge 4l ) - Dok
1398 o0 Al Sl ) - Syl (25wl sl pY 5l e
Required Energy = 20(kw)x10(s) =200 (kws)
Sl Poome Jladie (l g b e (28000 00 Ll (DOD) 4l Gos oadans 57 15 0 5kl @
ool (Son 3 50 DOD Sampseid s 5l 5o 2z pp el gk slags 5L
Cdybs a e (gl cpl ol g b o 4t 5 a3 5 a0 A0 =i cpl o 50 (Efficiency) 5L aojl e
395 o0 oolainl 5 bl 15153550 (ool
Required Energy = 20(kw)x10(s) =200 (kws)
o rmd 5o Celals B v g Celucly Froe glaced b b el a5 cosl oad (0,8 wozge b aazgi @
b a5 lgieds Celucly B0+ (5L wenl Celdly VIV 0505 sabdmls lade a5 sl 5l oiies

sl axsls sgg S bl s 50 (655 el (6l omlin oul il b 3 o o]

\Al


https://jeps.dezful.iau.ir/article-1-536-fa.html

[ Downloaded from jeps.dezful.iau.ir on 2025-10-29 ]

Journal of Novel Researches on Smart Power Systems - VVol. 14 - No. 1- Spring 2025

VEF Sl - sl o)leds —p0,lez Jlos —aialion ©508 slapins ;o (ngh Oliudod 4,00

i Slog LS B¢ (gob pyei jlaS glasiiliny o adl Ve ok 4y Dlgel ST Ve sloley iSlas idey (gl Az o
B+ 53l Pl 3l 55 33790 SYgamma & g b ol U5 bl 1NV el s b (65l & 05 o
20,5 Jol el (Sle Ll 58 s Gialae 3 Slos 5B 09800 a0y 2l 405 plaiea Celus

(o2 yLins 3ILT 3 o 3ssnds 3l ~F—Y

s s a3l (gsluand Gbagy )l 5IUT rrizen 5 b jloaend Ol 4 lis 5l 25 cnl o

g lwaned oy —F-¥-)

ool wl b Wools cpl el oals a1 (Y) S Gillas adb Voo Sloj o5l b asdllas (pl jo oolawl 5,90 ol e pus i
Sl cyu bled oadiaad Hlade jo wilewys )3zl el Ll sl jeiS blie 51 (SO j0 cadcnd 9 (o28ly wledsl
oy )3 4l Ve e o3l (6l ol e s slosly 5l diged Feggame )3 nlply sl lasl VO (Sloj o5l SG e 0L
o

Wind Speed

X
o0

S =33
[T N

-

Wind Speed (m/s)
o
o0

*
foN

0 20 40 60 80 100
Time (s)
(69 o7 a3 o0d Jloe! ol ks y350io 1(F) S
Figure (3): Wind speed values applied to the wind turbine
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Figure (4): Wind turbine power generation values
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Figure (5): Battery storage charge and discharge power values
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Figure (6): Total power values of wind turbine and battery storage
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Figure (7): Wind turbine output power values and battery charging and discharging
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Figure (8): Battery State of Charge (SoC) values
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