SiP Cupde g pwdigs BB gh oo 4 S

S 5 Wil 35 B Cod B s gl p g S, 1)
oo 45 39 5 3
L
"o e e FMsl Lol S BT e ol

Ol Ol ¢ g g ol (5 ponikige odSLEN3 (6 53 (5 gmiiils
s_hajiaghasi@sbu.ac.ir
Ol ) O ¢ i g o5 (5 pmnikigo 0 A1 sl
a_salemnia@sbu.ac.ir
Ol 05 <Ol oKl (G pmrkige 0dSCEls SLsbia

mohsenhamzeh@ut.ac.ir

= dab Sl asle 65,080 Jdsa plidiow ‘_;Las(.:m,.- 23 G55 oS5 sslwe 3 5l eslinal S sadle s :o-\.:'s.‘:-

S 2 03 4 5 AL S b el gl i s s 5o el 51 a3 50 Oliabl Sl 0 gy 5 LaSle 5
59 0 0303 JUl LS 55 4wt By fodd Sl eslial b B as 5 s g 0l g SN Ll edd &l i iS5
b g A8 Gla Sl B O3 ) B U1 e Sl S P 4S sba o pd s Jol dp B pp B gl S S e b
Job Lol & colio (g 68 ey (o o5 ol 0k plowl (5145 S 0y W3l 53 b b s okl ) 53 39 8 el (6 5L
L g 0ol 5mp | pimarm (63 Shos Snles Wjlus 55 oS 5 Jsa (ol ) 3 ealital 35 28T 5 Wl 55 jee
i LA 53 W3l 5 el 5 g0 o Ars e SRS Ty (3w K 3a g 5L 55LEs 5 5L sl rals
N epas ol ) Ol g it DB S A g ol oS 03 g 4 G i WK 505 S kb S S s A0S

.XJS@ .x_.;\s |) ‘;:}) db}g;}a J.p\? @L‘b‘gs;..ﬁb_,m Wﬁ)&d}) ‘5:\.@'...:;:.3: ‘;JJ‘,OM sl @3‘} Lg)l.ai 6\.&95‘:

i didod mbe amanS By S O3Bl (g5 Glue 33 i, (g AS slael

J s 5.1 TRV


mailto:mohsenhamzeh@ut.ac.ir

B) Jituo &b 3y 30 (o5 5 (S jluvo s d At Cad )b i (619 s gy A,

s Jlas 6w Sl 0l ns | jezn Ol Sl eslizal lie
A s A A 5l S e Sl i e
sdda S s Glllae 3, sl s sl ol el 4 S
s i Bl sl Sl ol s S s e 0L
3l LB SHIV] e 0l S5 53 Ll (6555l
Sl S (rl el el oslinad ol b 5 5 Shoe S 20
Ul o b S st Jolt | a3l (glates o g
3368l oo ) S S e L sl o3 Sl e sl
ooy slanal as e e ol @L:J)e.l_.i osly Sblas 5,50
5 3 e b Ol azdls a8 lsboue 0l (ol
Glasloe 3 slal s 4 [A] o o 3 ol onlin ol 5 Sas
o sty Ay s s O3l 5 oS la &S LSS
sl s, ) el ul A dies i s el Oldies ol
oo LSl 3 e 2 B OBl (sl (5 2 6 p Sl
S oo a1 alad e ) 4

e S 2 B3 A1 5 55 oy B3I s [4] 0 0
Sloesls Tzl sl ol pladl S 558 0t 5 ($3L (55 Jald
et ol 0 A5 L Ak ol (53955 DDl (51 (bl
sl dld a5 L el eols il (gloans oo 4 Laodls o
g e s O3l 5 5L sl psY b b lRs edlesls Sl
230815 5 5 6L Sl b sl STV 5 V2] o e o
o plomil S g b o) Sl el b i 5, S
Olss ol gl L8 3 5 6 5L s Ol VL sla i85 .ol
Ans e 0L e oS 5 51 ol ol 358 e a5 5155 b 5
Sla s am Camd iy ol S esliial b s AVl &y 8 oS
il gt SRR e

Sheslial Ly Sl 55 0t 5 O35l (6 5L A olasl (S
Solwtgy Sa b 53 el ol pbl VY] oo 3 Clbas 58l 5
3 6AL Sl (Sl Ly Sl el alis 5l 5o
el et S 3 53l Sl Bua s 5 O3B

Sl s de o (5 el Sl Ol VY] w50 50
Ales S el (Sl 83505 K 3 (oS 5 e SO (S5l
o) 3 ol el st izl (g 3les 3 Ol s (5L
Gl Uy (6350 U 5l s 331051 S sl 0L s
o 33 S S e S b el s b e 5 Lol

ol eslaiul ).,@YL J,.L_J )‘ LGS)LAoJ.o-: O ij u,a..:ha.zs lef [V¥]

1. Time of Use
2. Feed Forward

PRV

AN A A5 Gl pdoddes sl Hl ol elid o5 el
sl =l sy Ol Sl w s bl bl a5, S
S esliad lel e A0 po Yy Comle g Coalad pho b it
Sl dgliliom) (g ol baotiSd 35l Lol jan (6551 (slaslne ot
2l o2l K5l s i o & (53,50 53 V]
Sl 55 sl 5 IV 5 YT AL o (6 00 el Laslae 55 )
53 S5 A1 N eslial Gl pde w3l 50 53 (551 8,5 gl il
osliid 3,50 (IS 3 J S 5 55 J S Olg i s LS K
5 pbas asia e LB Caliie sl sl , o3 [F] XS o 3
S B 5 i Slae o3 65 S Vsmmn 5 il 1 355 (53 Shos
53, Shas GLac B 58l gl sl 4l s Ly ) il
b ozl e 3 dior oS 5 31 Ysmnn ((3loe 3 (Slaptnm
S5 S L bl 3 LG Ol 5 JBr L gl sle 123 (0]
Aoy e JSCE ) S 5 bl 5 eld oS 5 S LY
Sl 3 6l 1 551 5 U5 J&s 4 b o (1) IS0
s e OLES |y (55,1 cibise
Sl 3l S LSz 5o oS5 lasbue ot Sl esliad s
S Gosme 03 mslasle ity 51 a L b e (e e
Lile Bl 035 peand conbia e 31 208 a3 b b
A Sl 3 B ST 5 AT e 2 s 4 eSS e (55 oS
ol b3l sl VU a5a o5 bl ol lia )
Cad] s 358 el ot 858 lul 3 455,58 s L
o=l alns G a3l Ol ¢ oS 5 sl 1553 ¢ 50 5
(835555 sl ) sl Cilin 3l e say lastls 5 ¢ 5550
Ol G Gyl 5 550 oo (65 2l pend 5 nilin 83100

el a.L.gc.:: 6;&‘ L&)L,Aoj;;-} WLA C,._sﬁjjé

" lwans 1 lwary

wee " oo
- . — = :
s (W : i
™ : o7
o 2 n
5 o e ; _~
'\ L - ¥ -
b1 » = LN T . i
h R i R g [T
.1. é o -
“.
L —
" V- - 1o

(e 51 5 Je
G55 GLslwe b 5o 550 5 018 S dslie :(1) YK

Sla s, ol cidiee warle 5o Lajlae,otd b b nd ol

Sl sl 3 b B [P] o jo 3 ol 0k eslisad 3 slise



S VL Ul IS b Sl s oS 5 Sl eslinad @
(3l 35 1 Vb (55
sl S o Ol e gl Al Ss, BL1 @
s S P b eSS
Sk ol 25 5 S35 Gole 2t Aupn Jals @
71 L2
Al oo dsb B e
el 355 0t 3ladibe 4 g ok 5 Alie ) Babsl
5 aallan 35 4yl galgnig iy T i s 5 sd e 4l
el DY e o il e s (il 5,8
oda S Lo 53 805l o o350 Wlis O jisu 3 (5 Saont
o e a5 S oS 5 sl 25 slal s (6
asdlas 3 40 (e Silwdde ¥
ol LI AC 3t S anlllan ol 3 otded Sl 3 n
o3 6l (V) K3 s golguin s, ol ol 805 51 Jies
3 003535 1 $3L ey 55 (S s S a5 L
s el 0l S5 (O3 ) 5 5L (o 5 slasle ot
ol L 4 DCIAC Juce 3l slia b U slus o3 5 S5 5 43
sladdse ool ol fate ool (b4 50 AC L 5 Lleds foate
LsS e IS 655 o S s 3l sl b 58 S35 S
G o IS i a Lalas 123 5 Lo iS5 den LoDl
IS e Lo 5 e Jlasl J 28 ¢ 50 b cnlie 5 oS L)
D7) dpd o 5SS
.
0

| X131

sE

L SAlyed Pre P
ACBUS (oo
k c 4 Pwi Lasru S
~| AC/AL
Sl iy
i
=
et A |

adllan 55 g0 855 5 (V) K3

S5l Sy g (owiii (B9 ode 4 i B

S8 bl s A3l ol S dlesl Ll 5 Shes o
235b e mal 3l el L oS s e 0L il ol 4 S
Lo A0 35 35 ol iy o 3l i &S b 4
Wl sl 2l 5l

O35 03 gas gelaas (81 O35 0 5 5 5L DO o e
sl s 4 [VP] & sl o d oslinal (o3l a5 g A
Ol 3 Sl et s G ed 50355 3 (e Sy 5 L5
Ol a5 L s odd a8 K5 50 5055 gl sosbe ¥ epr
e O3l 5 (e Sy Ol e L sl 3 a2 Ol s
S5 Js Glra O3 ) 550 I a8 SN WVT e 5o el 0l
ol ol esliad 58 s sddsbl sla bt 6y ade oy
sl G Dl b bl 03 o sasta bajlus o245 S 5
S ASany S DAL w e s 315 3k pme Jib 5 a3l s
ol o3litd (5 5l s &S A b S 5 o 53 e 3l aali
23 s &30 5 (S 5L ee Jsb Sl IS slad el 0wl
53 el il Rl A WP SV S oS 5 aslinal oK
3 s edd pldl D5l 5 5L Sl e sl S VAT
o3bisl Lajlowe 123 sl (sl r mlie 385 Ol 5 4 8 Lo
S b sl ol 3, S e 03 el el
ol oalial (3l Aoy e 3 ealinal jskaady 5 ol = (6 5L
NS NP P P Y NP PPEI (I S O
i oS 5 5 ealial [YYTV] iles 1S aslisl Ua s 503
Ol 5 5k b e sl Y ST 5 3 e
el [TV oo 53 bt 5 63k 55 Jold o 2
O3 B S N2 T 5 SALSTYT oo o 53 el 0
Al b ol 5 5L Sl L & Sl eslial e sl ol
Sybip OF oo dsb 3y ol 5035 (6,8 5kr

L sle o3 alad Sl Jslite (slas 555 b (ool 5 Oliies
bl s Cmubio Ol £y 5o lalllas Jl= ol b ilasls
3 lwe 3 S 5 sy e 5l S IY0] Gl s gdome oS S
A edd ey Slalas js ol s g bl 503 ae Jsb
5 e sk Ologen (35 5 3k oS 5 laslue s o b s
Ao ol s 10 Lol oaid Aty sl o83 s Ol8 s
Sy Ll 655 oS 5 sl S slal gy Sl (6 s,

35 Ol S s O e | lie ol (lacs sl (slans

1. Particle Swarm Optimization
2. Simulated Annealing
3. Flywheel



O o a3y 30 (o5 5 (Sla 5w s d Ao Cad )b i (610 (g0 gy A,

O 3 3y o alol 5l il s Jske s 2 Ol
B T -NUESAPUIPS SR W bl 3l Sy Jol
G0 3 e ) 53 il e line slall o 5 WS
s Lo 15 65,5 51 Sl sl o) MPPT
[YA] Sl 0l oslaiul 6.,\:..:.:)}9-

55 slaslee 53 Solwdds XY
ol osliul (o) Sl glasbue o5 Ol e O3l 5 5L S5
el Sl Sl S g sl S e e
3 SIS s f s daslae s ) il cad da Sl
enladl Joaly I 5 e

R

5 e s Dl S 5l SG La 5L
Sl Ll sla S5s Lsas caalllas ol s s (S sU
Jie (%) St ol o ealizal Las 5L g5 ol 51 ol o
4S Cil el Conglin Ry cas o OLES |y (gl = (550
Ry caglie )l 55y Sl Sos 525,800 canslin Lses
Ot e G s o OLES 1 5505 o8 s L JUast 550 olils
03 Uy bl Gel Gl ol idas o OLES 1) 5 ST 5 Y o
IVAT 35 e 63531 3 ramnd O3 il pizman 5 3 Shos oS
213 0L (0) Ay o) soas U155 o 1y ailsy Jales e b

Ci
lbatt Ro
—_
R1 +
+ VRo -
+
VR1

¥ vt
Voc

[TV] 54 Jsban loe 2(F) J

V=V, + :\/1 (t-t,) ©
-1
| = Voc Vi
2
Rl
dv 1
d_tlzc_l(lz o)

VT :Vl '(IbanRo )

1
SOC = SOC - [ 1z

Voo =V, +K,S0C

1. Lead acid Battery

Sl g g o Solwdde MY
Lo 5l el ke Jolse o ey 5 Glad sk )55 0155 Ol
= o=l olmdds fLs 55 48 5ls (St ol &5l5 G
candllas cpl ysadia § L8 55 Jie 5,8 13 B e b EpE -
0L o pse S sl Hle ol (1) S dslee e illas
PN o el 3 .S o I 5 1y Iph OL o &S il ol |LSS25
i Ros Ry 3l 5 6 e ceslin s o 0L s Jue
PN L 25 Ol Slie ($3lpe Canslie 5 a fow s sl

IYV] s e OLES 1

S
AAA |-
\AAJ »
+
Ien 4 Ip ipY lo
>
QQD Yy 2 Rp Vo

[YV PV] das dslas 1 :(¥) 2
3,5 ales (V) dlasly 51 Ol o 1) J sk slos

=T,+(NOCT -T ocr )GL ")

NOCT

T

cell

TaNOCT ‘slj_fdquijLm)l&LL;)l;feﬁ la.i\f.i)a
@)?&UGQMMJJ@J,JQT);NOCT S e gles
g"M\cJJbQJ.dQIJJNOCT JJ?})?&UQ\J'?AGNOCT E)

ot (V) dasly o) o Ol 0 L 605 Ol

G
G_(1+aisc (T -Tot ) M

1, =1 .

p scref

ref

e ol Gret (D) e sles 52 elS Jlasl O o scres
Il o m slos Trer ol S Jlail Ok slos a2 Gise 5
sl (G 5

T s (F) il 1y 5L e 31
Voe = Vocret %o (Tean Trer ) )

ot Ohoe (S 5) 310kl Lyl 5 53 5L sl SU 5 Vocrer
e (S3) 5L e 5 sles

oaliial 3550 Ob o = SWy Al Gl oS o (o 7 0L
ITV] ol Szl 5 (F) Bl 51 05,8 oo 13
V +RI V +RI
nk-?'ce” D NSS 2= RPS 0

KD o sy S K 35 58BN (I 9) 05,501 L g
ol (S D gm0 fuaie Sla i 3la3 N

Io: Iph-lsat(exp( ] (\c)



R3 R2. ESR

EPR§ Vucap
T T “T°

[Ya] 05t dalee Hlie :(0) S

w_,.v
ESRZ% )
t, Vit, -1V,
= [
(v v2 vv e
L =2kt Ye
( vv e
It
c —\j S(Co+ =5 )Vyy
2f
R =tc_2
2
C2
EPR = \;4"[3
In(=%)C,
\/3 capR

Sl AL G Jos 5 plad e O3 ol Sy Sl ks AV oS
Sy 5o ads e STt Gl Jos s olad o8 05 1 O
Vo sl ol 5 5oL ad e o5ty dy s O3 ) SW5 Vi ol
O3 Rl 5L Oles te 03l ol 5oL 0L e dp s o5l 5W
gars Obsly dy 5o (a5 Solis S, Vg dep 5o 031 4l W5 Vat
S b Cucapr dg 53 031l ole 55Las W5 Vi O3l 5oL

o O3l b
3L o s solwdde XY

¥ 5 SO (5,50 A ol 55 B b sl slag 5
ol o5 2l Jde S o ol 21, 558155 Ols Al 55 sl
DTl 0Las (A) daly ooy oty Ol 55 o0

0 V<, 1)
3 3
V-V
CP(E) v <vsy,
PW - Vr -VCI
P vV, V<V,
0 V>V

o= 2B Ol Prdly) ol o s Ols Pu
Vei eimos= SV o S i Voo mn s (U oo e Vr ()
Ol 5t (b 20) 5l ooV 5 e o s A
sl (Vo) daly s 55155 s
=R, xA, xn, )

S5y Cup0 9 (owdigeo (iR ook 4yl OF

I s 55 Voo () g 5L Jis 5 55 Vr cadaly ol s
Ihatt (el = ) (6 5L ol o b AD (&) 5L L Osk
sl 55 Ol SOGinit «s 5 55U Ol SOC s 5L 0L >
Cnslis 31 st Ol |y SOC o s a 305 Ky s 5U
3y 5oL b 5L LIS e 5L Bl 4w S bl 51Ry
R WSEY o R RUNTCOUPRIPLS | PR TCER VRGNS LS -] PR
sl Ol pnS
SAL L 5 5L slacys g
5 o sty s 7l 3l oslinad oKn oS age 350 31 S
el 5L ks 5 3L Ol 0,8 1 B e il el
AL 3ol oL 55 5 Pear™0 Jlaie s 5L 55Las by b 5o
3 50Ls e dgb s s 3 (655 s Lol Ppa<O ,liie
sl s 4 (B) sl 5l 015 e 1y g 5L 5L
Et)=E{t -1 —Psy AT /74 Po: >0 )
E(t)=E(t -1)—Pay AT 77 Py <0
o S AL s edde 13 (551 i E (1) ccsle 4 Sl osbt s
Ol I char 5 5533 Obedsily Tisch « Slo 530 p» <28 5
Sl 5oLl
Slacus siowe o5 5L A 51 i oL 5 5L 51 S e sl
b e Bl (V) dayly Gillas 5L 5 55l
Pra™ < Pag, (1) < Py, ™ %
SOC,, <SOC <SOC, .
Gl Ol S P Gulds 01y STus Pigen ™ 48
Sl 656 55l VL A= SOCmay 5 558 el 4= SOCpin
356l o
&l ol s VL Ol S xdls O3l ol age S e
5 SLilpe 5l Llbin 858 Oloste 5 YL 015 b las o lS
b pde (ol Yl 5 Jab il e 4 Ol e O3
Sobds 5 5La YU jee Job VL )l 5 pds iSO
25 okl esle (310l 5 a5 m e
do Sl dde ol ol el 6,51 (0) IS s G5l ol Je
sl gla ey cnlias el s |25 (65150 RC s
1 sl 53 3 O3l 4l ), Wl ESR i a5 Jl 2515 .5 s
55 03 5L ol Ry (5l o 55 s [YA] s e 0L
o WL R0l 5 g LS s e DL L adds Gl a5k

Aas e 0L |y gl ) )



B0 o &b 3y 30 (o5 5 (S jlwvo s d it Cad )b i’ (6190 o gy Al

o=l L sl b e s 4 (V) S 51 6,8 gl S
o 5L e sk st a5l Ges axa &S Sl sgde
350k WU e b a0 Gas U 5L Jle sl b e
e dyb 0d 5,05 5L Yee s 51 e oST 555 e 5500 050
() a5l eslisad b Jlo 53 65k e dsb bl e OLY (6 3L
N U U g W S P U | RGN | N BT I PP P W )
s ga eslizad (V) Haly Gillas ol (sla Ko
Life =— 1 im an
n Z, xo
LCF,
5 s 5 5Ls JSKewsllad Zi (s 5k e Jpb e Lifepy «
4 050 g0 plad AL e Jsb oS il (55l 5 55l slaws CF;
ol U L e 65 sl IS 3405 55185 o sl ke
5o 5l an a5 L b s e ml Al JS0 51 5L Gae
e S e Sl A4 S 3 ee b g andllas
33,8 o gl g 7 1y OF) By & oty o sSolr
KLife = CFI * DOD* NBat * AhBat*VBat / (EDiSCh ) (\Y‘>
Crop = Sie | Kiie

life

S s ek 3las (6550 s Episch < 5L ol 2o b ANy

= b Siite s 5L L5 Vaar lJle G 458 sl 2 Sles 350
Sl el 3Rl 2 Crep 5 o Jsb i Kiie o
Goe 52t 4 S 53 Il 0 5L e es Jsb STaipel
dw S dsb L3 5L 5ules (551 slie 5 Al Ao 200 5iLs
Gl il Ve 65U Lbcw by cele Sl S Vo & o
VY jes dob b i a5 K s sde Y e 5L sl
A s A 1y 5L Gas Ll ea b ST T e s
i 5ol Gas b im0 Jrol VY s 5 i S

Spd ol s b 6L

88

Al se IS ol

P

0 M = b o 1o

e s

D] 5L 50Ws s 65U oo b o (V) S

slacad 23l 1y 5 usss ol e e Ay oS
e OF 0 Juate Cilizes Sl g 5 adds ol S Sl
IS s il glace o gl 8155 s 2 Ol e
I Sl 555 ol el lacs s o ol sdal (7)
Ol 5531535 e ol s s Oy 5 3L g 1331 L LS ool
ZJ}J_xA)\u,L.:_:u:b@&ﬂ&\ﬁ\b)mdﬂ@};b&u
Sl 51 OF sl RSP UV W - G Pop Pl S WS

AL dal g i 5155 s Ol I s ged

12 —

0 I I I I I I
5 10 15 20 25 30 35 40

(m/8)sly oo

[VY] cs w536 o5 (o P Ol o 1(P) S

B S sledae XY

330 33 01 Ol 55 oS sl oS 5 (Gl 0SS oy 5 S s 55 Sun
IS WL 55 Ko st g ol g5 i b kS i
f e WIS Ay ph g el &y B8 B Lol b
Dya s und (V) daly Syt Ol s 55 S0 & 50
e oS 2350 53 Ly 5 Sen ol 2 [P] dites w58 ol
e 5 83 s Al ol 53) plidides et A5
s o lde Sl B an 5L IR SIS (e 55
C(P)=a+bP OV

SAL e dsb Je OY
35 b s Jld sl s Cloay 8 SO a2l
Ges o G AL e dsb (Saly ol s i e 5 5oL
5 5oL ks Jsb 53 e Lags 5L 53 (DODY) 3L
S s e il Sl o ST 3
S S DOD S o i liamdle b6 sba sl5n o seases
Jsb p Gl Jolge [TV] LS o sl oo (555 6 208 i
(lp Las Dl S 4 Ol oS LS 8E 5L Sae
Al e Jsb e Gl [TV S oL ey 5 o
DOD ilsen slie ulul 1 (Z) 5,135 5 5,00 S slaws

>\M‘§;pj)u>wgw.xp¢@?¢ap}amWLN

1. Depletion of Discharge



el 00 sl LS (gla LS 5 (g5lme o3 5 el (sl
Slapis b5 G 5 055 Olime &) 4 4 55 L e
e gl psbas los 5 U ol la bl odi b it e
s 33 5 ,Ses 3500 o g0 (551 LAl 3 S 5 S s
el D5 Olsn Al a8 B (IS5 Do a0 2500
O35 SMie ks LS5 0 a5 L s ey iy O3 L
ot Ol s $ g b Al I (L by el

el 0 03,51 (A) S 53 uilS 3 355 55 s
_ubej 29

o B s

0 200 400 0 mo 1009 1200 Rl 1800 1800 900
[ada) =)

05 \"‘-ju’l ?JP T T T T 1
o | —
. T - |
oy 1
ek, At A, . 4 . Frwe -y 'l o

0 9.005 0ot 9015 o002 o928 003 0035 oM 0045 003
(Fpl -t

oS A 4 0l e JaS b 555 pamass (M) SO

J=s lm A b 5 S S A S
Ol 1y 0l 535 3 IS G iy LS ol
.J)}I Cewd 4 (\O) :\.Ia_r\) Q)j‘,ab

X (k)=DFT (X(n)):l\fx(n)eﬂ?ﬂnkm (\0)

k=0212,..,N -1
Alk) =X (k)|

N-1
f(k)=2k.f /N

n=0
ol S lacie F(K) (JUKs Zols A(K) i a5 sldas N &S
s opl s T o s 0 Ol 3552 53 (ko b Ol 1z
Cla_'égw'ljféQ\J-.:»uia'qwlﬁ;oxiub;ﬂiﬁ\&lsjéij-t.,
du);)j)ea)bjés&bw‘cwlsjﬁdx.ﬁ)‘wJ}.\QL;&M;
sdd paend Waslove 3 51K slaas 5 (65 51 U 558 e el Jla]
Sl S A L (0F) il 58 aales w58 U

e o A1 Ol 85 a4 iS5 65 e 5l Jlax]

N-1
K =2 XEe N n=012.N-1
n=0

L e slme s B s o) S JS 005 - b (1) ST

S35 Cu pd0 g owiien (R oode 4 ld OF

Sl p33 &gy olal Lrend (gl (g0l S, X
=S5

Gl 1l 45 ol &) 5o oy @3lgiien S 3 LS B
3L 5 S g ) A 3 e S s s il
G5 Ol sldae s e (giledie (O3B ol (5L coms 55550
Ol am a5 b 5o 0l by 5 old asie OS5 Lo s
5 OBAS U 5 Gl ed e S a0 s sl 35 e (il e
el 0l 03551 desand i 53 s jlue b Slasiine
ol LSl o3 Jas 5 sl o 55 0155 5 UL Ol e BB
S 5L Ol 5l A 5 Ol e &S S s 55 sl 0,3
S b s om0t d (6551 Slaslue s 3 Ol ol LS
lsosls 3 eslimal Uy (8VLo b Slals —l355 &) smsy) Ll 5 s
o=l 03 5 A (55 el S sl S ) eslinad L L el
a8 s LS 5L sl G 5 5 glaesls axllles
S P S IS SO o 5 (IS PO [P PR E
Ol wsdle S G50 53 350 ool DL Ols 5 5 Ol
s laslae 3 55l we 4 3l e bajlue o3 oy sl
=t (5 Glaslae ;203 5oL pms 4 g () 8 53
By 03 O 3h3le 5 00 als sl 53 a5 0155 3 S
s o QLS ol 5 5 A 55 la0ls bLIIOVY) e
Puess =Ps —Plow (Y
P =Psy +Ryr +Pur
Pigss = Pea +Psc
Sl g kv g g Ol Jlucie P L Ol s Jlu@s Proag
s A 55 0155 Py (s sl 05 0155 Phiss e lS1 5
A5 Ol Pur ool s I 5 Ol P o Sl 58
L 5 OsPse 5 o5l e b s 015 Paar o 55,5
el 3l e 3
Sl o U5 e gl S g b )
4 lajloe ;03 byl 5l s 00 Ll Ol oy toeul ol eslanal
S ol o3 laslue 3 o Ol jarass 5 et (IS 6 55 e
Al ole b o sd e s b S5 e 5 B S O
S e el cidee slis Sl Ly S e s
S o e 533 A3 G Ol e S B8 bas Ll S
ek @ cbe (Salas il 5 55 e sk 1B G
Jm8 dle (93,050 03 s omlin 058l 5 e Sl b
AL 5 m SLa LS 3 i ts 5 s (sl 3l (S 5



BY o &b 3y 30 (o5 Sl jLwo s d Ao Cad )b (i (6l (g0 hgy Al

Eqe [1]= Y (P IE)A) 1 =0,..,N )

Esc =max(Esc ) —min(Ey. )

Esc
DOD

Syd e ad S L 53 VAO 58 O3L pl 5oLEs Ges

ywdlsjéaz.d.\.\'

3 2o Ol Ml 5L 5 Dbl e b b B Ol 6

SC-min

Do o350 ol 5 5 el esls JUSl (IS 5 655 4 Waslas 55
Ol 5 5L b a5 L sl s el gl S
oslil Uy ol sl S 3 5 03l ol Sl eslinad U VU sla L3085
O3 ) el S il ol ol ol s 52 e (5 5L )
oL 5 5L sl e 5 035 S m sl S 5L 4 Do
o el s Bl GRS e Jsb s asl el s 5L
g el 0155 Oln i LS5 ok bl on 25 L
Uss U5 m eo58 So b (iS5 518 on ki Lajlas 3
Sl s 1 S (al 53 3 g el O3l law g
5 MK 5 e L3 (OIS wle By ga Jals) Lajlas 3
o b s ol a0 S s (el R A5
L i sl odtid Blod 03Kl 4 by e s a6 03 550
s dsb (V) IS0 e 4 ar 5 L5 5ol 5 5L sl 4 a8
REWCNTTRETI SN § R R PN APy
el Al a5 5l 5 Sl el mals 5L S S
DLl 4 sislas 5 55l jaeess Ll ol o5 5 5d
e Al Sl el sl 5 mw OLag b glaolas 5 5L Sl
e esls JUl o3
Ol 1y (s5lwe s Sl g Al (6518 e o &0
28 s (V) Al & 50
Ceap = Ccap (SC)+Cc (Bat)+Cc,, (Conv) ()
CCap (Bat)= Ny * CA.
Ceap(SC)= N, * CAy,,

Cap

iy Cogp(Bat) el o3 (o1l iy 32 Cogp
O3l g8 e e a8 Ceap(SC) s 5L (s, 1S wle e
sl N e yds So g 501 gladiwe slaa 58 Cegp(Conv)
CAsc (s 5L Ay a iy 58 CAgar (051l slaws Nsc o5 5L
sl O3l Aty o Ay e
Ol (YY) ey o Ol o s e 5 pens &30

:als

T T = =T P e ER
= o

ady gla ads 5y

il KLl e Sl e B (i

h}baﬁis :L&ﬂ ) JS U-’Cib :(4) JSJ

S5 A Ol s b Waslae otd o B Ol (s 5 5

Cd b g sliay A loe Ol B 58 LS (g3l 53 (gl s ()'V

el 5L g b &S sl e 33,8 s Lajlae ot
ol Ol J..La V) i, o) geods D gl

Esu [n] :i(PBat [nI®.4¢) ,n=0,...N ()

EBat = maX(EBat )' min(EBat )

(il a5l e Solas 5 5L 5l S sl Gl raeen

Dlis [Y4] 5,5 Blsd ol — 5ol Sl 5 0lg Cus g
3551 s 4 (VA) Wil 510155 1 s 5L b b

Eoa (\A)

DOD
DOD = SOC,, - SOC,,

Bat—-min

2> (V) dkaly O pon 5o 5L 5ol 5 5L Sl U ol
Syhp 4 S
gt -min (fOF _Ch arg) (\9)

My
Us E Bat —min (for _diSCh arg))

min E
Egess = max(

Sl j)\.& QLG.,\J‘) IZC} j)L:o (_)LOJQ.‘) IZd L(\‘\) ijb DL

Bgd e eslaal (Yo) ddaly 5l ol l b b oas (1 5



b bbey 9 sy oy
A-1)g(-F)Lalg,

A 4

3 990 (ol g5
03w 0 53 brwgi
(VF)adal,

!

WS &3 398 Jy 0
(08) ks,

v

S (S 3

v

498 Jow (use
05)ala

v

A

oS Gadgs oy gl !
(£3{™

|

5w 0 3 (65 ] dumlxo
OV-Y)bklg,

&bd (545 s

038 2 9 5L Slari dlors

@ 3» @il dlxo
(YF)akl,

A 4

S 7 sleilee 33 b B e Byl b (1Y) ISS

S5y Cu p0 9 (owdigeo (BT oode A pld OA

Coem = Coam (SC)+Copepy (Bat)+Cy,y (Conv) v
Coam «s3lws 53 s (54 5 end 4538 Cogu
O3 1l 6,146S &5 Coam (SC) s 5k 5,146 & 5a (Bat)

el 8 S5 S Je slaas 5 (Conv) Cogm
2,5 s (V7)) Al &y g Ol 1y (0 501 &

Cup =C,_(SO)+C_ (Bat)+C_ (Conv) (YY)

Rep
iy ya Crep (Bal) (5lmo e el &y Crep
Crep 5 035l Sl i 3a Crep (SC) s 5L sl
b &Sl s ol 0,08 Sy 801 Jos glaas 3o (Conv)
o Shaesl i Sl die 5 5L 4 Sl O3 ) s
el s 308 o O3l S
il (YF) By & st (IS Bl U e s

C =Cpp +C, +Cogm (")

Cost - Function
Ol 48 Cal G yomiany wlad ilS 3 (pnnd Wi Jo s
Olys o ke sla o, 553,80 Blas (550 (g3lwe o3 &y 38
e BB R 5 Jap OLal S s 88 e altes -l
LS b sspdmee it a Bs ), ol ales S eSS uv.—w,ﬁ\ﬂ
Dl (5ol a0 Ol Ts a5 (g sbas Sl [0,1/27T] ey ke
a5 0Ll S s Sl pdad (8 55k Do pakie 4 ax S L
L ausa Olge S eads 5 sbay .ol o oslinal s > (6l
GalS G wdad il d i wlad IS 5 Ol ]
L b e aslsl Lg, cnl 253 28 55 ACcostFunction=dfe 5 b
sl ald IS e sy aS e 4 e 16
G S 5 ol dloes al e a3 a5 W65 0l 0l i
Ao il 35050 w2y S ds 53 T e s & Bl A
g Sop 5ol 5 55l 5 Ol Slme d 5 S5l 5 SOl ke
el o €1 (1) S 3 o5l b
308k IS 53 b4 o S el CllB L s &Sl Wy
B3 55wks Sl baslae 1t (5 51 s il 2dls
s el i 8 3 e S 55 S b ek a8
ba sl b slas 5 (65 =1 Slds odlw 555 0 Gl &S Djse
Loosm dalys 2l basle o83 sliad Calg 03 5 0 ) e
s s Al (65505l s sdelaasay slass o 2l
L B T e S W I LS JH SR F AT R S E

Byt G A b AeS e 5 iy pe



08 o &Sl 50 (o5 55 (s 5Lwo jusd By Cudjb (rnd (5l (g0 g &1,

5939

T T t
4755 4760 765 | 4770 4775

| | | | | | | |
0 1000 2000 3000 4000 5000 6000 7000 8000 9000
(celw)ybe;

SV L e (V) S
23 P s Sl m SO 58 s Sl ol 5 0l
SIS 5 Ol e ath e, byt AU Ll sl (VF) IS
o)luss S Sl LAl L g ey ey ST Sl 4 5wl 21581
A mlgal s Sl a8l a8 s b A 5 0l
Ll ol o3l (s g 5 Sl S aalid (6l Ol

7000

6000[~

5000(~

(Slo) sy oly
AR
g 8
g 2
g 8

2000

1000~

0 L
0 5 10 15 20 25

(colw)glo;

390 SR Gl S e s 5 015 (V) IS5
el 03 S O0) S s (o3l 8155 densay M8 Ol
BE) el Q‘})L_S \e jb Qb} Lgl)b d’b s_r:{)j; 4,<,,,..‘\ 4 4;-)_,"L,

e olde 4 Ol Al lal B8 a5l a4 sl e S (63 5

'J"""’)j
ﬂmj“ﬂ“ﬁw “ﬂﬁmﬁ
S
2
Heono
\
e H TN
\MH\ il | HU h e e \“. kil LY W
(dhs)ole; ’ -

@b oo P 015 1010) IS

Sy 255 el Al Wajlae 153 Lau g o 5l 55 Ol
U‘—"prS S ol 1/2*Ts j")’ Wtsjﬁ e)l.: ;‘}Jw JLZ.A um;lgjﬁ
Em e Aol (ol s sad pLSEs 5 e LB o (615t s
SO K3 55 o3l S 6l ooil8 3 i 3 S a8 S SO
Q@,\;‘Soﬁﬁ-ﬁ o ks sttsja RS (0 ) ¢ O‘i‘ 33 Sl 0l
LS S weizn b a5 U ok ol oS 1S3 e
>}“I'L5° r‘au\ LA)LAo]&-: sl 6)");' ube.q‘ 9ol ub:g\ CE}

zB o 5 sileans ¥
@l el (1) S e (3l (gl 0ddat § 53 55 s
L sl oMbl 5 o oslizad VY i Lol 5l (3l 55 (3l e
s (Sl omen (ol ol eslinal akds ) Gl Aol
Aol U les 5 5l oMbl e Ol Lol Sl esliad b S35 53
S5l s sk 4 by e Sl Lol sl oliiad agds \ Sbe
SO bl g DLl 5l el 0l 4SO, Ol (SlaelKiu! |
e Golwdde (gl ppoman sl ol eslital (giluand gl Lo
ol 0l o3l o3 sLaS L3 S B a4 by e oDl |
dogad Coamnd 53 (G5lman 5 Cilises (gla al )l a4y bgy 0 Dliasiin
0 el iy ey S b e et S el 03]

j—’j—:‘b’—"‘“}j’bbu"")_ﬂ Q‘ﬁﬁ(\Y)Jg.&C,wu‘ a.l..::db](\\)Jg.:-

l |H I H“mhlmluHI\HMIHWJHM“=.

A g5 g;,.gb(ga; (V) e
el 03,51 (7)) IS 55 Jlw S sk 53 b 4y bgrje o
G ean Sl sd b a3l L S 4 by 35 0L e
5 Gbbe (1l il el e S s S 5ls N0
Slelw ool 53 48 Ao o & okl Oy lele s L K 5 ony
PERUME NS S N P R O P I U Py R
S 33 CrosSs S Dol ol 53 w;v S o SO 528

XY .\..A‘f)l.a ;_L\.Su,:.au Lﬁ)béf}j LSJL’ J:‘)j: Jb S48

5 B
I

IS

3

©

S

(‘wb" 2 )b ek g

<

Jn Hm.m\ M 1 e Mk

(W‘M)u‘*:
Jlo dsb s sl 55 015 :(VY) S



wa

A
s BN
f |.'\ A vV \
z PRY, |
w1000 R PN
L 4

o s’ o e

MI oMM M W e B B

o
N

-

(ty)lo sl 0 0md Sy
z b o
8 =
FEF
§

(oo yle;
e jlus 53 Ol 5 :(VA) IS

Shele S Jsb sl — 3l ol 5 5L slass (V4) s
(-_lafa oolS 3l 4y lagsls ol slaas s e OLS 1 (g3l
035 B L5 015 Sl g Ol Sl a5 L 5 Sl 4l
B ECHPSE PPN | FIW I KV SENP JPCR IO JCOV L P RN PS:
Ol SalS Loy sl (S 0T sla S 5 5 45 5
A5 Ol e J b Sl (s sl s L s Ao AL
Slve o3 S eS b i Ol 4 5 03,5 S Wt (ol Ja 5
Solwo 3 b b 50 Sl Ol R emen S Cdils el 5L
Idsas Lls o VU 1 ag e ol (SKe 25 00l ROt
2l ey Sl a5 L e Olebl S LB
ol 2Bt (g el it lagsl S

S e S Ok Ol 5 W55 e 4 a5 L e S sluas
S i bl Jle 8 b sl 03l Al 5 550 S sl
e 4SS bl Sl dalx Jle O oe gl salcsss
5o e dlo dsb o lild o S 6l Laslae 153 sl
g el s el S (sl lin a3l

1 3

100 b [128
90|
80

19 70k

11 FH:

QMHWUWH

I I
085 09 095 1. n5 1. 15 12

( R )ul‘} x10°

u)l>)..l .s\.xu

by 5,93 sl O3B pl 9 5L sl :(V4) IS
(Vo) JSb 03 O3l 5 5L ol s & b e i 50
R | P P PNy VRS K P (O VNR K TCI PN  SN|

G| aJAI L) J)\J} BE

G3P oy g (owdiee (bR ool 4yl P

500\ q
At Ay "

o 1 2 3 4 5 6 7 8 9

(55 ) omilS 5 *g?
oS 8 o ke b Ol Hlae :(V8) YK

Sl Lol Ul 5 Bus 5 by gd 55 015 (V) s

Ly Aol el desls OLES Ol Ol aas e LIS 35, SO
e 5 Ol A5 e a5 b g 0,03 b el DS S s
35 g s NS 03 b el b W sl 3 48 Sl b s L
sl s b b e 5 edd S (6550 & OlF ol e

Al e s 4 3 sla i 53 ed20l Ly, ol

(] 200 400 [10] 102 1002 1200 1620
(s} sl

595 S dab 3 Wlae 53 015 5 gl g5 015 (1Y) S

U5 Garass 5 Sl 3 5 el Sl S5S 2558 0155 s
I8 g b el oas S OA) IS8 55 O3l 5 s 5L oy
5 S sS O3 8l 5ol 5 5oL e 530 4 el st
a3y = 3 AL Sols 5 5L sl e Ol 5 e s Sl A o
I 23l sy 030l el 55 O3l & S 5 039
DS e Solis 5 5oLe e Alasd ol (ol Ol e VL Ol
Lol 5L g5 Solas 5 5L Shals o e 051 4l Sl eslinal
e e B U P P T
el Al e 28l 5L sl usa 5wl 6L
35000 U el sl sl 036 1 s 55l8s 5 5l sl &S
sl 093 i (o 55 5 s 5l O3l e Jsb s 5oLas
S e 3 Al 3L ) Kl & 3L s b
o s s dal e S 55 5 Slas 35 g (S5l 3
Glls 48) pdoies QBS54 Ol i s 5 5L Dk
e Ol e 1 (A5 5 0L s b clize A5 5o Sl oS
2S5 JAS S 5 bl ot 5l eslizad b



PV o Sl iy 50 (oS 55 (S5 lwo jus 3 By Cudyb (rdi sl (g0 g &1,

By o eslaal 6 5L 3l s a5 &S Jloy a4 Cand oS 5l 503
app S e Sl Epe 8,5 o b Wl sl (3 oS

Isb Bl o il 5 il omen ol il (a8 e Sl

o =l 48 Sose s3 i d J O BT sad 5 g L gl s

Sl Gles 83k 8,5 8 5o b nlby sl VL Sl O3 4 L
LS gl 1B oy oas oSl duge (5L jes Jsb

5 e Sl WSS S 5 L & i a3y ies il s

G el O3 S b e S s WSl 13 Lo 5 (6551 6 0

S el e S a4 5 S e el 1) 5oL 5 5L
u_ﬁsj?Q@maﬁbqﬁwélﬂéz%uﬁ”}\umﬂl

23 g e 3 Shas 3500 5 (3le 3 Sladpa EAS s

2510

T
— st
— oA

O
3
.n 15-
X
3 1
=
Y
o
7 05-
>
0 I | I | |
085 09 0% 1 W11 M5 12 125 13
- 10°
(adid2)oj "

S5l 3 Ey g (Y1) UK

(V) dsdmr o s 3L sl 36 2550 O3 1 5 (6 5L oS

j_a.b\ j_ﬁjb Q‘ﬂdw‘um.hd}b@d}jb@\ AJAT

Loy Q@JJJSAJ?S slaas (V) J}-‘?

$) Js apm $) Kbt | (B) ilwo sl dnga O3 4l sl S AL slaws S5l 3 s 5
YVen Oern YYovun . Y. $AL
YEQe o YO YYEeo Y \o# O3 a5

S o S5 G DMl 1iliS

D

A

-

Lasle 3 5 OB S 5 Sliaseinn

851l Slasein ((Y) Jyd>

(Maxwell =s ,2) 056l gls sl

S S e 0
233208 Gl O3l 5 5L e e b s e s
Job s b e U iy (slages il als s 3035,
2SS e sl il 1 S e a5 b ol
Ols VL iS5 (la ol 5 55l 5 55l slan (s 5L e b
Sl s A eli il O3l 5 5 S Sl el 5L s
S S d sl S o o gy IS s

Waslas 3 5l 3550 &u 38 Ol e O3 2l 5 5L S5 L &S das e

NEHE o bl
APRY PUEER
PNRA (ESR) (5 s slis
Celo Sy Y b a 5o 551 e
<Jsvor S S ST
AL olasin (¥) J g
(6L o) o83 5k sla bty

<Y Syl
Sl el Ve b b Ol
b0 gl el v olas oL Sl

63b o8 Slaseine (F) i

(AEOLOS) 5,5 (sl oy 5
Slals sbols
asl/ Y Vi
asb/ e vV,
5/ 2 YO Vo
e VY Ay

s 2,Sbas 5 4l SalS (5L Rl Ol el Jae
S0 s 5 5Ld rals oz ge O3 il Sl eslanal Al s 5 5
apr w0 6L e b (B35 B s g L el 5L
Al el L Sl A sl Rl L e b
AU il 3 Sl 036 s 3olas 5 L5 sl o il S
o33 Ao b s s e 5l Db es dsb s Silas 5 5L
e 35 Al 55 B3 ) Kl 4 b Sl el
Loslasl i o Saal S b rond sl oddailyl o) 5l eslinad
LB S 5 b S esliial Aas e sy | e Sl
oS1,y ol g & Ol S rK;as); Silwo o3 3 gy o g0

"\5&("“\)‘9\)‘-"”‘\"” y@b)bjufwbéjuof}}jérly

6 5

Sl gs gl Ol g Ol wlislon Olosle 51 dlis OBty 6



e sy 32 (F) Jgr

G351 a0 g (puditen (Shpgfy ol 4 Pl FY

PV olasein :(0) Jya

(1]

U3 WENEC 3PS TN (Yingli Solar) =, a5 Ly
2 S|V NS PRt TN PR aR e JS U 0I5
Yo $ AL s e SUALE Ju 2 b0l
v0:$ GAL Al e Sl dy e APARAL &b 5
50+ RFIE I PR PRNNSTSC G{PE (AN el AV oS Jlasl 0L
APR VYA 53Ul 3,
o/ o33L

Pflaum, P., M., Alamir, M.Y. Lamoudi., "Battery Sizing
for PV Power Plants Under Regulations Using
Randomized Algorithms", Renewable Energy, Vol. 113,
pp. 596-607, 2017.

it 9 A1 b (e Jo oy «SSL (ke Lo, Ol [Y]
S A s 155 Jpem @SSO (o5 5 e S

\:Aiﬁv\_ﬂj u—“"‘)‘"@" L;MAJJ:: LS“L; :.J_JM.: g((&‘aﬁk S;L‘éb‘,;i\s.,;

ATAS Olisls OV aois ¥ 85l ciin Sl 53

d}:JMUJg)) (B3l doas nul.:.n.ﬂl.,.w g)\)ﬁa gj.]é.'y gf:"lt"" (s s [v]

g el cS e 5 plad S Glash o pde g

b5 S FSN 5 3 g 55 Sl 5 G Olayes

¥ et s S (55,01 Sy e 5 g a3

[4]
(5]

(6]

[7]

(8]

(9]

[10]

[11]

AT Ol AYLY ais

David Wenzhong, Gao., "Energy Storage for Sustainable
Microgrid", Academic Press, Oxford, 2015.

Vladimir S. Bagotsky, Alexander M. Skundin, Yurij M.
Volfkovich "Electrochemical Power Sources: Batteries,
Fuel Cells, and Supercapacitors”, wiley, February 2015.
Chen, S. X., Gooi, H. B., Wang, M. Q., "Sizing of Energy
Storage for Microgrids”, IEEE Transactions on Smart
Grid, Vol. 3, No. 1, pp. 142-151, 2012.
Ghiassi-Farrokhfal , Y., Rosenberg , C., Keshav, Adjaho,
S. M. B., "Joint Optimal Design and Operation of Hybrid
Energy Storage Systems", IEEE Journal on Selected
Areas in Communications, Vol. 34, No. 3, pp. 639-650,
2016.

Hongjie, Jia., Yunfei ,M., Yan ,Qi., "A statistical Model
to Determine the Capacity of Battery—Supercapacitor
Hybrid Energy Storage System in Autonomous
Microgrid", International Journal of Electrical Power &
Energy Systems, Vol. 54, pp. 516-524, 2014.

Abbassi, A., Dami, M.A, Jemli, M., "A Statistical
Approach for Hybrid Energy Storage System Sizing
Based on Capacity Distributions in an Autonomous
PV/Wind Power Generation System", Renewable Energy,
Vol. 103, pp. 81-93, 2017.

Xiao, J., Bai, L. F., Liang, H., Wang, C., "Sizing of
Energy Storage and Diesel Generators in an Isolated
Microgrid Using Discrete Fourier Transform (DFT)",
IEEE Transactions on Sustainable Energy, Vol. 5, No. 3,
pp. 907-916, 2014.

Dufo-Lopez, R., Bernal-Agustin, J.L, "Design and
Control Strategies of PV-Diesel Systems Using Genetic

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

&l
Algorithms", Solar Energy, Vol. 97, pp. 33-46, 2005.
Galvin, M.E., Hurley, W.G., "Optimisation of a
Photovoltaic Battery Ultracapacitor Hybrid Energy
Storage System", Solar Energy, Vol. 86, pp. 3009-3020,
2012.
Atia, R., Yamada, N., "Sizing and Analysis of Renewable
Energy and Battery Systems in Residential Microgrids",
IEEE Transactions on Smart Grid, Vol. 7, No. 3, pp.
1204-1213, 2016.
Martin, 1.S., Ursta, A., Sanchis, P., "Integration of Fuel
Cells and Supercapacitors in Electrical Microgrids:
Analysis, Modelling and Experimental Validation",
International Journal of Hydrogen Energy, Vol. 38, No.2
pp. 11655-11671, 2013.
Yuan, Y. Sun, C., Li, M., Cho, S, Li Q,
"Determination of Optimal Supercapacitor-Lead-Acid
Battery Energy Storage Capacity for Smoothing Wind
Power Using Empirical Mode Decomposition and Neural
Network", Electric Power Systems Research, Vol. 127,
pp. 323-331, 2015.
Feroldi, D., Carignano, M., "Sizing for Fuel
Cell/Supercapacitor Hybrid Vehicles Based on Stochastic
Driving Cycles", Applied Energy, Vol. 183, pp. 645-658,
2016.
Abeywardana, B.D.W., Hredzak, B., Agelidis,V.G.,
Demetriades, D.G., "Supercapacitor Sizing Method for
Energy-Controlled Filter-Based Hybrid Energy Storage
Systems”, IEEE Transactions on Power Electronics, Vol.
32, No. 2, pp. 1626-1637, 2017.
Lahyani, A., Sari, A., Lahbib, I., Venet, P., "Optimal
Hybridization and Amortized Cost Study of
Battery/Supercapacitors System Under Pulsed Loads",
Journal of Energy Storage, Vol. 6, pp. 222-231, 2016.
Liu, Y., Du, W,, Xiao, L., Wang, H., Bu, S., Cao, J,,
"Sizing a Hybrid Energy Storage System for Maintaining
Power Balance of an Isolated System With High
Penetration of Wind Generation", IEEE Transactions on
Power Systems, Vol. 31, No. 4, pp. 3267-3275, 2016.
Wee, K.W., Choi, S., Vilathgamuwa, D.M., "Design of a
Least-Cost  Battery-Supercapacitor Energy Storage
System for Realizing Dispatchable Wind Power", IEEE
Transactions on Sustainable Energy, Vol. 4, No. 3, pp.
786-796, July 2013.
Sharma, S., Bhattacharjee, S., Bhattacharya, A., "Grey
Wolf Optimisation for Optimal Sizing of Battery Energy
Storage Device to Minimise Operation Cost of
Microgrid", IET  Generation, Transmission &
Distribution, Vol. 10, No. 3, pp. 625-637, 2016.
Bahmani-Firouzi, B., Azizpanah-Abarghooee, R,



PY Jwo Al 3y 50 (oS 5 (G 3Lwo judd Dty b (punad’ (510 v (g )

[23]

[24]

[25]

[26]

[27]

"Optimal Sizing of Battery Energy Storage for Micro-grid
Operation Management Using a New Improved Bat
Algorithm", International Journal of Electrical Power &
Energy Systems, Vol. 56, pp. 42-54, 2014.

Zhua, T., Sun, W., "Optimization of Battery—
Supercapacitor Hybrid Energy Storage Station in
Wind/Solar Generation System", IEEE Transactions on
Sustainable Energy, Vol. 5, No. 2, pp. 408-415, 2014.
Sudha, G.N, Senroy, N., "A Unified Approach to the
Sizing and Control of Energy Storage Systems", Electric
Power Components and Systems, Vol. 45, No.7, pp. 693-
704, 2017.

Wang, X., Yue, M., Muljadi, E., Gao, W., "Probabilistic
Approach for Power Capacity Specification of Wind
Energy Storage Systems", IEEE Transactions on Industry
Applications, VVol. 50, No. 2, pp. 1215-1224, 2014.
Unamuno, E., Andoni, J., " Hybrid ac/dc Microgrids—
Part 11: Review and Classification of Control Strategies",
Renewable and Sustainable Energy Reviews, Vol. 52, pp.
1123-1134, 2015.

Rekioua, D., Matagne, E., "Modeling of Solar Irradiance
and Cells. In: Optimization of Photovoltaic Power
Systems", Green Energy and Technology, Vol. 5, No. 2,

[28]

[29]

[30]

[31]

[32]

2012.

Kim, Y.H, Ha, H.D., "Design of Interface Circuits with
Electrical Battery Models", IEEE Transactions on
Industrial Electronics, Vol. 44, No. 1, pp. 81- 86, 1997.
Zubieta, L., Bonert, R., "Characterization of Double
Layer Capacitors for Power Electronics Applications”,
IEEE Transactions on Industry Applications, VVol. 36, No.
1, 2000.

Ogunjuyigbe, A.S.O., Ayodele, T.R., Akinola, O.A,,
"Optimal Allocation and Sizing of PV/Wind/Split-
Diesel/Battery Hybrid Energy System for Minimizing Life
Cycle Cost, Carbon Emission and Dump Energy of
Remote Residential Building", Applied Energy, Vol. 171,
pp. 153-171, 2016.

Dufo, R., Rojas, L., Bernal, L., "Comparison of Different
Lead—-Acid Battery Lifetime Prediction Models for Use in
Simulation of Stand-Alone Photovoltaic Systems",
Applied Energy, Vol. 115, No. 15, pp. 242-253, 2014.
Fossati, J., Galarza, A., Villate, A., Fontan, L., "A Method
for Optimal Sizing Energy Storage Systems for
Microgrids", Solar Energy, Vol. 80, No.2 pp. 578-588,
2006. Renewable Energy, Vol. 77, pp. 539-549, 2015.



