[ Downloaded from jiaeee.com on 2025-08-18 ]

[ DOR: 20.1001.1.26765810.1395.13.1.4.8 ]

@g[oz Suudg ["ON £1[0A SIO0UISUL SOIUONI[F PUB [BILII[H JO UOHRIOOSSY UBIUBI] JO [BUINO[

VY0 =gl 0o — ek Sl — ol il Sy 51 g (5 comuntine cyol oo

39 uf)m ‘5|ﬁ ‘52593 Ls)l.qd’ ‘S)Lzo ‘Sbolfgﬁ.i Soalo uS)Lm.o
Ole s 053 9 S5 sl

F o v o, v L g 1
N RSPIRVE P FOVIRIUWE 4 oMY 7l Wb doxo 310 jro (&5 o

U‘)"‘ —Q\J.Qg — oo Sy oRaisls —).:9.».».4& 9 B (W PRARRY —..L.:)\ G..;LW)LY 4.09.4]&‘0 -\
morteza_mirdar@yahoo.com
Ol =018 —myte Can 5 olRaSDs = aralS 9 (3 (oot 0aSiidls — jLoliwl -V
aleslam@modares.ac.ir
u‘f‘ _U|)'ef —oryde Cao ) oKisls —).:5.....0[5 9 Br (e saSlisls —olw! -Y
seifi_ho@modares.ac.ir
U‘)”‘ —ULQ‘M | - ul.e{jm | ;..’.Ho o oKl —J;}H.nU 9 d).: (5..:..\...@(6 oaSisls —)lg.btfuw‘ -f
latify@cc.iut.ac.ir

bl 1y G o3l 5 S b sy (B byl g J S Sl (g iy Sllanl (ol 4 ouiSTy (55 @le 10 S
4 63lro ol g i pgrio SoS &y 0uiS Ty (6551 @l 0,5 By p ) IS il Ol (o0 53l OB g 18 B 50 @il ol e
olojed G5k o o)l ilmo ol g (532 )40l axdllao &y dlio (] .Wigd oo Cug)y BB 9 9GS (o0 loy (o s G52 5l5b
ol oaiiSe yu5d g oSy algi @ilie Jolis (29 ko (5l (g3lome oS g i ' adsi s 3310 00 5 2 505 d 9 (855
S 00spd oSS 0uiSTy (6551 @l Cawl o Juo gumodue (s (o3 a0l b 4 o)l gilme ol g galiae
6ol 0 e 0928 Ld 65 3lome o9 (I pliy wilonds (B3 a5l 9SUgS b )0 Alie (nl 0 «gilmo oy i g
Sglss 31 Szl J8las b asiuls 9948 (551,85 (B 53lmo o g i (1 (g3 lkeblony (9 0 S (o0 S 53 1) 0S5y (555 @ilie
Gyl (55 lwainaS Bud b g Comslis BT SaS 4 aliuso jgbiie (s el (515 (53lx0 (SLolS g pd Lauwgi 0uibisis yaaliye
9 Wl po Jolas Bud b g0 4 @598 GaSh 3958 9 @abon 1 (5510 popa2 948 (58,5 13 y0 b g oo 3yl Loty

0 g0 S 1 (sOltddiny Sy 52300 1) (53 ldndd 5 sl o Jobo | s 3943

.yl olfg).,} waSly g5, C.?Lbo Byt ‘5..»15 Olols

VWONVYY : o Syl g b

WAYNY/) + callio bg o by dy G )b

VWAY/VY/ 0 o by dy f,b

I ye (50 poiiten 1] gons (G0 g8

G §0aSails = oo S olStils — s i senl JT Pl — Gl — ol i gmme (gosium 9 (Sl

Yo


https://dor.isc.ac/dor/20.1001.1.26765810.1395.13.1.4.8
https://jiaeee.com/article-1-78-en.html

[ Downloaded from jiaeee.com on 2025-08-18 ]

[ DOR: 20.1001.1.26765810.1395.13.1.4.8 ]

INd

DER,,
CVPP,

5 5 a8 el 6,555L CVPP s o e 0 [V-0] s

Obed L Jobss Joiaw 0ld) SHL wmor S5k L 5551
[a 4,0 .,¥] st " (BRP

Cadge SO 0 0l oaiSTy (65, mobe Julis TVPP

30 &Sl soslat Lolay g oasSTy o 4y ases )0 .S

Sleslaiwl g s oo 1) Jlal pinn Co pos slocJled

CVPP,

CVPP,

CVPP §|DER IS alai o s -CVPP 4, DER o &lodbl L3
CVPP & DER o ssiunli IS abaii o pyliee ~TVPP 4y DER o clodll o Ls

WD eanaly st 5 b4 ssd oliie wile saiig)d 5 il e S Job
V@i oSy g8ly el 0081y (655 e
ek (sl (s3lome o505
LosT 51 DNV asS o solal 1) oasSTyy 65,0 mlie o)l
5 PS5 Luils owe (64l 45 coes WLTVPP Jlo 0 40 a5
TVPP il by cpl plo cail ailo |, aS s s colls
Flosy walys (DSO) w5 mhmms 5100 0 4 rd s
-y
s TVPP g LaCVPP a by e sl i (V) JSi
sladae ;315 Gk pobe 5 ,00S L bapT Jobss (rizren
- (SO § )|)b Iag.gj.o )° TVPP SCVVP :(Y) ‘Jm
L aojes el S o (902 8) LDER olas o Jaw ol jo
DN1 s CVVP sock o iman i wn 2 38lg DNI s
45 DER| 5 ) 00iS15y (6551 iy 0iS oo colad
s(u_.wl CVPP1 6)bu 6)[—700 ol_?g).u J.Jﬁ.) o) )| ‘_g},a.c

doddo —)

o s Sl ol 5l (2L Sl LSS 3 sl 5o
e 75 e sleelS g g (5l adg ) Jol>
el lie gadais o ol 4l ud Lad clacs g
(e=zpe 5 (DER) sussy o5l il slocs pslod iy
st an mls cnl Gamnsi sl lacalow (285 L5
ol b pmlodgy (lnd mlie 4 (5550 0y (Sily (alS
Sl 35 e gl L gl (pl @) ps Jited 5 5055
20 8 Sl placialow 5| (S (K0S 6551 @)l
Gl 00 43,5 LS 4y mulie ol drgs (gliasl,y o Lo S
I

“orte e & 45 Glej wasSTy (551 lie ) ke
SU IS endb g s pdydllanl cood b wisd o 55l0
o e el latudlad 5 pless Zo pas plnil 6l
olE g, dB jo mile ol aens Lol |y Sul g ddyo
9 SIS ity 1) @lse (! (lgin 45 el ((VPP) (5bns
I¥] 5,5 wals mlie cnl slp 1) odas b jo ol yins

5 s g0 bl iy 25 63Me Yo+ F Jlu b VPP
5y9ma 3 08 ool ezl s dawgs VPP 5l _egite iy a5
P ST e e S e Ba 85 e 518 ooli
o 02l 5 el 0391 00iSTy (65,1 qulin 51 S LSy S
5 oasbe e goian b1y 053 Slii S S sl
VPP" 5.5 iy x5 365l |, VPP 5 05 o3, "VPP s il
el sl 00Ty (65,0 plie A Sy 5l cibaate _iglod
S0 0 4 g Sy 310yl 3 (g e I3k yo WilgS o oSy
SSw L L] Matens leas g, sleiing uias
Cllad g9 95 Wlgi o0 VPP (e gy a8 5 050
<L o S s slacudledy 5l i le o5 sas plol 1) saes
VPP (55 i Cu oo g Gl
cedlad goaas plail 5 CVPP ol cJlad goamoplxil
I¥] wsi oo 0aiels * TVPP (o0

ol 008 T (65, mole 51 (g0ums B0y les CVPP
S5 gl Sl Slacgogamme (28,5 L o (90 CVPP
Ol s riqcnd; LSl ot )3 08 (oo grei 1) 0usST
Sl slaz g oot pdn el 3 &)l bz )3 il
CVPP i canl so 2alS 50 o0l s i e 5l adgs
L g 00,5 oo Jlil aslis 4y Jain o8 g, G asle Wilgs oo
Sl Sy 4 S pee (ol b g (iludininn Sua

Journal of Iranian Association of Electrical and Electronics Engineers - Vol.13- No.1 Spring 2016

IFA0 Lot =gl 0 lows — 03 s Sl =y 2l Sig 51 9 (52 commwntigge (yol aloe @

I


https://dor.isc.ac/dor/20.1001.1.26765810.1395.13.1.4.8
https://jiaeee.com/article-1-78-en.html

[ Downloaded from jiaeee.com on 2025-08-18 ]

[ DOR: 20.1001.1.26765810.1395.13.1.4.8 ]

S YL s s aygilegi il ol S cdyls cbglas LS
e S =S e )3 bl s ys soplail a (slo eSS
Gau i (5 lwdiaS [v#] 30 Eow 3,90 (§)lre 08, Bun
oLSg 5 atloe At 098 (28,5 i o b b e 30
i )10 yt0 e WIS g0 (e Ol (15 Lapins (s jlne
ol g il oo a5l piadae (510 0 0 Joius &8
S5 5 ol 45 shaid 5 b1, s 35S 5o
DYV s g3 oo JUl saSeds 4y (slabasd Coasd b1, 3LS|
s Ly saiiSo 33 Sy aiile wiadlss pdycillasi gla b
S92 Symas Gy Syl Gl o )k (pl sl Sales (ool
GRlS 1y 095 (Bras §p e RIBI Gy 5o 9 Gl
il o8 g, S s 1) ok les ol Conols 5 wims
59 @oolpiing ol S L [va Al 4o aslas 5,5
Saltns sl 00,5 S8 15 (i) S0 23 9 555 slaylil
S9—d dd e g b Jolw 058 g PBUC 90 oy po0lpiiny
a8 S la j0 0uS Ty adel mlie 068 5 aujel Al Sl
S 0 s e b.sLd‘J,.:} ]I R VRSRPRVL Y JERRW Y, @L:.o
altes Jo wl ial5l basly slass 51 Tees ol oals a3 5
ol Gt Dlea o38L 5 nole; SeBs )Nl Gy 4
IRARTPESSA PO

S lw (V) S8 asibe woYlse [0 9= U ggeome (o
NENENY] el ons ais )3 L 0 aSlisy ) G ol VPP
aSh Sy an aSlbp, M5 VPP oS 0 0 [14,0A
Dgid god B9de #3595

S 39 )0 o gy SYlEe 4y ax i b 500 &l o
So g TVVP G CCVVP SO el Las am 95 (9480
u.)‘ )‘ C)L> (':»Lm l.» .A)‘}JGNVPP 9 Sl J)—M )b).go).gﬁ
VPP Gas £ V8 N Y] o i sais ols ) 3 g e a5
Sl 255 55 4 32 el by b atpze 35 aieS
sl 5k 0 e85 cxs VPP o (g Siage b olas o oS
b e 3l 5l ol ! Ly oYL ae o) ;o VPP
g b jlome 5Ly o dove (sLolis opols 9523 b g pemmosae
hasypbganinl) o ogw bshs 5> lxe b=
33 0Ty (65,50 aaie oylyle [¥] @ as g5 b oauS o S

Sleslawl e ably o .5 10 05 >g CVPP S o Jgs o
== o) sl (b e sl g, b g (LlSS slape 95l
Dilese 90 dge Slox 5l Lo 5wl

SIYA0 e gl o lond —pad i S =l il Sig SN g (52 commeigee (ol e

@9[% Suudg ["ON £1[0A SIO0UISUL SOIUONI[F PUB [BILII[H JO UOHRIOOSSY UBIUBI] JO [BUINO[

\n'4

Ga 3 laaasin ()l pe e Gl el 550 o SO
adie L aS ol L 5 oS o CVPP oLis 1) g 6,15 0 00
&S o0 ST CVPP @ 1) acie 5l (515 100 00 Bod> «(g0lo,1,8
Slonl sl @ie aSed S 88 I 5o (gaw Sledlbl (pl
53 DNV A YT 0S5 e 18 soliiul 390 5 it by p SO
o ols 8 adie L 1) andes o sl ity CVPP Lzl
SmbCOVPP S o e 52 5 Ol 9 sl
w2 plul TVPP L Jalen U 1) (65,40l ol (6 iy oSl
ol i gl 855550 S g sl ] oo a8

~CoaBge 5l oniSTy g5, mlis goules wilsi oo CVPP
Cabye do a9 b ol goesnd Wb Lol il calizes sla
S5 e a5 e S Sy 055 plasl i
DNV Al Wt e iy bl i CeaBan L oaiST
ot (oo oS 5o @Bly sousSTy (6551 @ Sl
SLACVPP 5, Lo 51— sossile) 5 510,00 sl yiol
LeCVPP & 5o iy 595 oo Jlus TVPP (gl il
TVPP sl o ) Howe (gaSiis ;o @8l (oS, (6550 o
ot SlatasBae @je pianns IS p0 0 jle o0 pdiay,
S ggerme 50 WS oo wnli | 0aS T 53l ate 0 5o
@ a> g8 .l CVPP ham s TVVP G ol o595 aSis
LCVVP o 0 sl pazs a5 Conl Comnl S iS5 )]
45 (Shgme ) dpdn o Oy pldl i CoaBes 4 dz g
lacasdse 13 aily SLaDER su_lei ailys s CVVP
IVy -Vl sl (68Us8 oLl s

oS g B lsie (65,51 Co e i VY] 50
(G Sl san e sileaneS Saa L) ply iy «sjlre
Ol Sl ) Climl g slalals slogls zals ol sanse
Ol e e Lol pinas e gabwy 4 sadols
3,08 Joles 5L L g 09800 6500 po e Iome &j50 42 o
Jols 5L 5o &8 15 6l DER puis 3 o pd S5 VY]
V] s ol os, s Slppiny labaxd 4y o5 L g (glalax]
L Sl i 01,18 JU o 10 00500 b (55lme 0595
oSy iS5 JUl asied 4 Sloj slwosly yo (B ol
3 D9 o J S aSb ) S atile aalllas 3550 (g5lne
5 G Jolid) 4y sleing 0aST 65,1 mlis [V0)
LS9y J5 55 p0) oaS Scalen J S 55 50 4 1) (Ceod
Sord 5 ) oS Smlen US55 e aiin Be (S5lxe
) (6o & Jaie 9) (53l o5y s 4 faio 0,57 j2 50 (555
Syl 0508 (28,5 e o b (gilme oSy S oo (i



https://dor.isc.ac/dor/20.1001.1.26765810.1395.13.1.4.8
https://jiaeee.com/article-1-78-en.html

[ Downloaded from jiaeee.com on 2025-08-18 ]

[ DOR: 20.1001.1.26765810.1395.13.1.4.8 ]

Jo B MILP) moeooae Jas g5,a0b 5 by, 5 oolawl b
Aol 5l Byl e g5l J8lo> Bua LTVPP 5o valgs
O 0SS g0 Ml (g5 4 ]y oz &by CVPP (oolpiiny
JS e 43 CVPP ol Lals 3 S 650 ol 51,2
=220 CVPP (gl gua jlislo  Soo ojle o
gl ;o Lapl Cundse 4 ax g (30 mlie grezs 45 050
23S 9o (595 4 Sy dans o L3l ) S JS
CVPP (a5 &8ss 2 559> j0 Jlsd slo CVPP xS
P Lap] Casdse aaz s e mlie e o5 05300 (B2
Oy (g St S b o Ll @) oS S o
29 Ah ;2 83,0 Jlad GCVPP wams jo 0,8

€2 €53 CVPP IDER IS abiis oyl -CVPP & DER ,a ledlbl gl

CVPP & 0sianl S alais o ylixe “TVPP 4 DER o oMbl pols

<P vk A gy olpaieg auile oauis B s 5k e Sledbl Jols

TVPP sac k g CVVP suc j oy Jolss 1 (F) JSCi

YA

00l (hyme (slal> po 93 )b ity oz lr S VAT o
4_1.’>J.o Lgl_ﬁoé‘& ddSu’.o L).».UUPBU(: s J:> l) l) O
p9d ad> o 50 (s 9 Jlwl g jo 4Se lo 0 0 40
g el ;o4 050 gilwaieS Baa b &y o8 aSl 1o o 00
33 on et 1) (g8 Dloleidn (owe 450t 003 618
S g0l il st adgl Slolpiinn Canl (Sow
Iy am)ss a8 098 LaCVPP g oadi g yaelip polis
as 4zl o909 CVPP sl jo e ;o1 ) 5o o5l oo 1,8 0
Ol 5o S oo a8l oy 8000 1L 50 wow (gileati
oS el 0ad Jow 514565 4 CVPP (6.5 voos e ol

SLDER ol PN

ALl S 40 370 oy b

95 &2 |y 82595 /-\

S b :
Q b rf S5yl H
R N e R V
305 Siluanin P
o5ed 8,5 Sl o

S5ed g A (25

Oz @ e
S bk o xSy

—> WDER 3 VPP s cledlol Jols

AR o

D> oabazinly ol 5 )k & (298 dleiin wile eaidy b g lik o Sl Jols

Ay Ky sl VPP : (Y) JsCi

Journal of Iranian Association of Electrical and Electronics Engineers - Vol.13- No.1 Spring 2016

IFA0 Lot =gl 0 lows — 03 s Sl =y 2l Sig 51 9 (52 commwntigge (yol aloe @


https://dor.isc.ac/dor/20.1001.1.26765810.1395.13.1.4.8
https://jiaeee.com/article-1-78-en.html

[ Downloaded from jiaeee.com on 2025-08-18 ]

[ DOR: 20.1001.1.26765810.1395.13.1.4.8 ]

910C Sutdg ['ON €[[0A SI0UISU SOIUOHII PUB [BILHIJ[H JO UOHRIOOSSY UBIULI] JO [BUINO[

Jowo oy -F

iy LSl 555k 5 CVPP (6 o8 pwaai Jo i 02l o
95 o0 g5 TVPP Jlats 5l CVPP (solpiny &by 3,8

CVPP ¢ 1S pnnci Joko —1—F
o ]y boaiSe 55 5 LaDG allie oyl 4o 45 ue CVPP
Y] Koo Slidion o solgiin slaJow US55 .05 o
LaDER LLdl s> Coxdye & a5 9w [V VA VP F
53 0dbgazs Sl A 4 425 b 5 05 e ez |y L]
Ol A8 (o0 8,5 (LB z 03 g 6551 plejee sla)lil
IS 5 5 52 5 a0 alline S8 28, Cews Sl g (25
el (523,55 5 BB soleriia Joe 59 5 65500 50k
DS e ot [ Ghess B lk <8 CVPP
RdSesd (2,8 L) odd (dien laesd SeS 4
ma i Bua L DER lhug sadio pbre Sledlbl g (404
o el emlie (510 o e 9923 (55180 & by yie Sge s3le
Oyge @ |y s (i5u ool 0 S (oo Sl po s Siyebin
Tobigebl 470 5 woalys Joo oo sae (s 55,40l
5 P 2 lalpl SeS a5 00,5 (e ) iy Slox
Ll J> BB CPLEX Lo e

Bun alS-V-V-¥
39w CVPP .0 il o 05— (gjlwaiiny CVPP Gus a0
Sl VF 5o (L2 0,035 5 (6550 G558 51 1) 095 sl

ey e B ST [Pe e

24

Max profit = Z[iﬂg(i,l)+i(—ffm(i,t)—Pch(i,t))}ie(f)

Nag ]

+i[ZRdg(i,m2&(1',;)].40)
‘i[i%(ttﬂicﬁ,m]

i=l

(D

salys sl pyi enl oad LS5 o5 ¥ 5l Gsd Bom &b
Loply a5 sasee olai |y 6550 Gy Sk ) CVPP
e ol DG (2o Oy ggeme oo fel>
Ceod j0 odiSo,d 5Lh g e g oausSe S
ol sl e cdle el Giagses 65 L edd G
S9dsn )l Gy 3 ik 5l ead )L Dl aST ol
CVPP .,\.J)o £y oy Ll e e S5 o..\.....»))Lm) u‘ﬁ" 9

bople &5 wesoe plas 1) gloyz 0033 iy, L S

@\ VA0 e =gl olowd —d s Jlus— ol Saig 531 3 G552 (mssigee (o2l oo

Yq

lg e o1 50 95230 mlin w0353 CVPP S & jamie
3 ol s (1) S i, CVPP iz &

A o imled 1) IS ol
aSedyy 9 Jbd mis D i A dw g g0 i o
slp solerin ladoe plar A )0 Wedioe rog
Uidu 5o goae Slalllas .Wgd o cinoss TVPP 3 CVVP

258 g0 D0 GMgez i (i 50 el okal o2ty

JUd 2598 4 =¥

Ol 5l b ;2 o (6)53le 5iil s bt 395 slaasiad jo
5 Gy JrS sl Lo9) (I8 g s opdion apdis
S S5 6o e saaadd g LSl Gulal el o s
Sl et gadlis aaeh sloasod Mo jud pis oo
Jd 598 sleasil . wig ) oo jlod 4 SwoYb Jlal i
S9lod S 4 g ladizd jo b4y oS atien plaaSid
L aSms ]S ay ol TACT) Slbls,) g ol e
Caxmdy So o 0aSTy a g mle 5 59 (8l sloo 5

LYy 3 V] asl oo oy Gide o pae b g aige

Sy =Y
Slaces U ol L5 ccl oads aSiedy, 5l a8 iy )las slows
1 ol bl o555 ol 5 sadplil stagh bl
SLopis doaSilipy ) 1038 Iy oo aSLS ) pode s
1) daaiae (slags yudo &5 situwn (S8 g Jlad (S0 @595
QS o e WodiiSs 133 5 sanie (50051 aes aulie 4
9 e 00Ty oy mlie 5l on S Al s ke @
el jo jLSog amly SO leae 4 wilgs oo a5 Canl ba )L
IYO-Y¥] 58 6 5000 o 5 o b g oS &y e

S e Gl Dlogaz 4l o VPP o5 J o
Wyl ) asjer aSil e 10 LDER acozs ol aisle
s olgS e A S5, S o saliie bayT o glacslis
9355 Sl poste Sloniz by aSed 4 Jate b g lax &5
VPP a5 Ji> 15 5,1 bosiiSo 53 5l casin maw 4 5L
9 et e oS Dol Cul Jaite aSGd 4 0 )lgen
5 @be 5Ll acgemme G ol aSlyy ) a5 el (ol VPP
algice VPP aS Lo o ool oLidl s odgamme Sy
Joo |y gy (2ldlae adlaie )3 95290 wlie 5l (slacgae
[vo] YW



https://dor.isc.ac/dor/20.1001.1.26765810.1395.13.1.4.8
https://jiaeee.com/article-1-78-en.html

[ Downloaded from jiaeee.com on 2025-08-18 ]

[ DOR: 20.1001.1.26765810.1395.13.1.4.8 ]

Ao 5,ls cdl o)l gogae Cd b ou S e S o
aieS Jlaie S g SOC™ an iy Jlaie S il
239 o0 S9dze SOC™
SOC™™ (i) <SOC (i,t +1)<SOC™™ (i ). ®)
el S Sae o Wlgi o 0050 153 Ky a5 Jlgs e ¥
ol cplplo el dgamme (S Ry Lo b g Ry 5,
P, (i.t)<R,, (i ).m(it). *)
—P,, (i.t)<R,, (i )d (it). )
Cudgasme Ly g (8 Coogaze Jdo 4 0aiiSo, 50 0
| 93 Sl S il g5 JUE s S o 0500
s plais] Cwas S sl
R, (i,t)<R" (i).ans (i,t). 9]
Wiy ydy Ailyl se oS0, SO A Y game gesme
i WS Sl 68 g Raen 5,100 &5 S 1o 5l eS™ il
sl 5, cl ganaS g 5 Lss cls
=P, (i.t)+R (it )<R,, (). Q)
—P,, (i.t)+R, (i,t)<SOC (i,t)-SOC™™ (i). )
o) 995 5L b 5L plejes Silg e 0aiiS 13
Oelple asls 5,ls a0 aS alig e 0,058 Cwas Wilsi 0

:M)‘\b
m(it)+d (it)<1. av)
m(i,t)-l—ans(i,t)sl. ay)

S8 4y 398 Laly, gooome (Sl Slaia bkl |
Ad gzmodse (a5 4l

byl oy oo CVPP 55 o oy allie oyl o
& lade g oS o)l 095 adgi aw ;0 99250 GlDER
Gaad 33l 0 celuslgslS o adgs l5l 4 DER 2 4 Jgs
o=l 5 el Jaw DER G a i 1l j0 aiilys so 0)l90 (0l
aS |, > cwl CVPP & 3laite ool Cawd a5 04 pled &>
el onls Jow ilaig 3 a0l 0 DER 2 54

TVPP ¢l p solosday Joo -Y-¥

&8 S8 6,0 e Aaelsg allie (l )5 (59540 TVPP
Soral 0923 6ol B @i 4Sed o po e Bue 3jls one p )
Ol 5 Sl (505 L bgdas (5 )05 ) g oy 5Ly
Ll (LeCVPP Ly golpiinn) bl oo (65,40l
L2CVPP 3| solo (55,8l &bl )0 of jam 4y TVPP
5 oolil Uy S o 2l o |y olie 51 oo 0,00 (sl ol
S polde iy Al So o g Lo el o

325> Olee 3 LDG (solering 5)5) Olie egome ©pofol>
G5l Sl esdi i Ced j0 oatiSeySd goleriny
DER (slaayjo goome (onianilas pom p3 - onl (A,
Wl ool el YE o o, 0033 5 65, ao,e sl
aolsl jo el jluousd s DG 048 4 aude 398 (55l
T SESE @ 098 5 g p o 50 duje g
g g0

&m0 4 DG SG gan e &b [V VAl ol siile
48,5 5k 50 adg Oliee 5l pgs a0 laler sz &b S
el 00

Co (i) =, (0)Pp i 1)+ B ()P (i 1) +A ()

V(i t)+SC, i)y (i 1) +SHC ()2 (i 1)
ayzp ool anie (ol adgl anse Jold anie & ()l
e s alas Lol 5l ol cadgs auim g (g5laslel,
FS MILP & 90 &y (ad-(61aSS o, b el (b 8
SSSIYAYY] o s3lw das opnl c8s g i ys .0 anlgs

R WA

L ol pSIl loonisSo 125 5l (sl oy o 3o
va Al S48 o0 drmwle 535 ‘;a> &b
C,(it)=a, ()P, (i.t) =Py, (i) |+ B.G). ™)

Sgu8 —V-1-¥
093 9 DG 043 a5 ol 03¥ CVPP (g3l Jow by o
39 Gyl 0 0 058 Wg S o W DER lgie a4y 0uisSo 53
Ols slome i § aeS Jolls DG (sl oubans 57k
Ol Sl it 55 g gl ploy Jlao o255
ool oy Lol [YA YY) 5 DG 4.3 MILP

Sl ploe—bs iUl Gloon S0 ;58 SV (S o
Jame il 85 5 55 (g 5 5,0 5 5,0 Sl (st
[y, 08 VA6 ssle sYe o b 5 [y —val wlows
s a5l s eaSe S 88 sl s eé Joe
sae b &psar by 2SI slhoniiSe 55 alie ol o
Wloads Joo ,lik 55 &858 jslae 4 g o

5o ool 5Lbe lei b g ooy L lei 0uiiSe S o
o celw gl jo oles oddio 33 65,51 L ply el j»
ol cel loa slawl jo ol oadio 23 (65,50 sleo
P, (i.t)+P,, (i.t)=SOC (i,t +1)-SOC (i,t). ")

o aels YT ghoj o3l 0 0aiiSo 53y gl (o8 098

o Py Syl

Journal of Iranian Association of Electrical and Electronics Engineers - Vol.13- No.1 Spring 2016

IFA0 Lot =gl 0 lowsd — o3 s S = 5l 11 Sig ySUN g (5 2 comwrtie cyol elomo @


https://dor.isc.ac/dor/20.1001.1.26765810.1395.13.1.4.8
https://jiaeee.com/article-1-78-en.html

[ Downloaded from jiaeee.com on 2025-08-18 ]

[ DOR: 20.1001.1.26765810.1395.13.1.4.8 ]

Esr

/

k=1 LaCVVP ;| ssle (5,15 0,00 slo yal,b 5 a5y slaosls usL.)a/

/
\/

gl o plowl el YF jo b isey

< Sl 3 k) s 5 a5 553 L

v

T~

D95 g0 dmlie Sl ol lajls
\

Sgden 1zl Slaype Jlas Bus U
4

D9 0 dwbe DY game wa> polis

\4

A

k=k+1
8 53l ol gy (5 (60 Lty oot 55! 1 (F) JSCo

5.8 45 (g0 edd gy aeliy polie Wb oo )85 058 51

0055 yaabp polie 511, Bloul oy S6S g W3l s 80 1,

4 ey Gl 05l Jo gileage Al SO b a0
Sytelip el o oy (oS 5 gal> i s>
Ll ol 5o s walys oolawl oz 598 L Ol ye J8las
dmlne Bl s 4l p 4l Joo Somlen Jlop il po
B> TS Gy e Ol g Sy polie 5 oads
Sl et 095 o0 Jo (§jlmtinge dlimns s g o0
723 dEl (il yste los 45) (JUS la it
Wb il Gz Wgbioe dgatme o8 (hgi L al> e
Sbopitte Slds 03,5 gex b 05 plodl )15 abads o>
A g polde (gl polie b (ilwate Slyz) J5
0az 0a s ,aely polie SeS & TVPP usl o s
pledlac [ sy oo a5l as sledbl s LaDER
I8 (8 958 oS 09 d oo 515 (Slej U o o8l g rams o
byl Ly s lagned 5y Ldgn 29, nl oS 4 g
Sansl S8 a0 03 il o0 S9ue g5 4 oS 5 e 5o 0
cole, 35 asS Lo Loyl |, 15 0,50 dlas wigs o TVPP
3 &S s golpaing Joe 5l BGua les ol lasebl 04,8
O Sles sl oad b Bgile g col L3 5, 150

SIYA0 e gl o lond —pad i S =l il Sig SN g (52 commeigee (ol e

@9[% Suudg ["ON £1[0A SIO0UISUL SOIUONI[F PUB [BILII[H JO UOHRIOOSSY UBIUBI] JO [BUINO[

£y

oyl DER Lea CVPP |, DER , & sa_iss 3,40k
S s

GaSmd S ) 9zrge glie alel ey slajigsy 50
Srybp S g conlond (58 VPP Sy & Blaie (95
S9=d Lad> b g 2gm (giluaindon Boo b mmasas oz d
J= LoSs b @ qje 45t (8 0928 9 LDER ()15 oy
x5 VPP LLsetl o LaDER ogdle as sl 00y 5
A5t Sy 3 g0 gulie oole b 1)Ll VPP (S, 4 aitilss
59 95290 SLaDER L cilys coi g Cong oo 015 1,8 23595
el sl iy 0955 st sl s s o
oo (820 LaCVPP ouls 55,40l slagyle 4 yanisn
oty Slgity (F) S 2950 Blns ol o sl
QS o Soym ol 5l (@85 64 1o 0 ,40) TVPP a5 el

Bl ool 32565 b 4 el ] B A (53 45 oboslan
gD 1By @i S (S8 09 cosdig i yasliy polis
a8 1 LDER 51 (515 0500 9908 il Slpess cal (B350
(4> o) pLS (o 5o Lol 5l g (o0l o581 08
ot B T 3 oS b 98 45 | slags Uy
SleMbl wlas LaCVPP oyl oo cs (25,5 lo—s
ol Lanl oaisyp,aslp polie g LaDER 5l (6,ls 0 00
odd s 3,40l 5 polie SaS 4 TVPP .aiS o 0 plee TVPP
plaslac | i ol asii 5l a s sledbl g LaDER
bobaz 5l gy Oz g el 55 (0d polae b dws o
I 058 ST kigh oo S (1 095 b iy e o
ey Ok 4 sl wik



https://dor.isc.ac/dor/20.1001.1.26765810.1395.13.1.4.8
https://jiaeee.com/article-1-78-en.html

[ Downloaded from jiaeee.com on 2025-08-18 ]

[ DOR: 20.1001.1.26765810.1395.13.1.4.8 ]

o plS 4o 0ol 958 130 005 51 (S0 ST 098 o0 0 plie

D)

Camluns ol o 110 3 dulxo - F-Y-F
595 jlxe oy jlas bglas ol 2 g byt 55 5 6l n
o 5Ly (o3l 5o 8,36 (sla peite Wl wailonss 2 5
la e G355l (ola e wisd J5uS bslas ol
Olo o o dy ()5 98] Ol Mg e 0l (S
b i ) 5ile il i o5 9 B ;2 4 ) 92535,
5l cpl jo a8 cal S5 a0 oY ITE V] sal o Jus
PP Gizen el oad Jlai o gl ghndl 5 5 s
G0 Oles S sloed 4wl oo LDER Loty 05 o
il Gl covlis Colys Al 3L 1o
g 5lds ol poss ol Ko ol 4 el 5L 5 g0 alis
D)9 o (S piie j2 )0 S8 il e by
SISm0 SezsS s i 090 il aBlax
183 (o0 et pj g0 |y Lo Wy (IS sla piie
AV (i) =K, pAP g (1) + K p AR e (1) +K; .00(1)
(o)

O0) gatal) polosls yLis ;ise o p s L, sl
Sogo Ly AVELL) ot Sl 45 ol s 5y (go3lil &l s
WDER 5551 oy (J 58 (slo e e j| St o
plt ey o LeDER (L5, o5, APper(it) plf ol 5o
ools las AQper(i,t) LaDER o S1) o5 g ARpgr(i,2)
Ly 503l Ol i ol )l Kig  Kip ool
Ol 9 oy oST les )0 i 5l (8L 4l slaed
s 02351y (6551 @lie s ST,

Sy § il AI(DE) by as slagl > ol s

ot s 5 o @l gy - S sloeite 3 SsS

el
AI(b,t) =H, AP o (1) +H , p AR (1) +H , 5. AQ(1)
Q)

Syl Sl o)l Hig 5 Hyp (V7) ekl 5o
el a3LE Goamalis b B> aites bghs ol >

[r5 Yol anlo o culon culid slayls anlxe

.CA.MJ‘OMT
dus goli-a-Y-¥

lasol 0,5 ,1,8 a> g5 0590 a5 5l Wb (golpain Bos &b

o by Te)_,o 6)l_76 (_g)l_';u o‘jjﬂ.i 9 ‘5.3 6)l.>u olfB).nJ
S Bl e 4 (Jlojl sleiian (39 (e 5l lirele]
a1 Jow a4y Solai slo Jow SeS a1y 28lgylo; (5,00 0 0
5 00— ol allis i jslaie gaoge () Ll oS aslsl ous
3 Ll 4 g co ol 4 gam sla 5 o

w23 nies w9 Gl Jolie (o 0 aalol o

6999 w8l o —)-Y-¥
DER ;o Jloj (55,400, 5 510,00 02 sl el )y CVPP jo
6Lncsog)s 5l o2 el i a0 e DER 51 TVPP &, |,
aS—b bl g Loools o )0 S 5500 (6995 ol o ,65)
Lge 035 5995 el DSO es TVVP o il 51

Lo gy -Y-X-¥
S yamli ) eaidl o Oledbsl 5l oslaiwl b pgo al> o o
2,80 5L s (a5l sl 5 losls g DER ja Silej
s oFg Sylwlinl g, 4 )l sy sl e plnil el
o=l 5 s o J>runpf g o L s MathPower LS
2l s ez b Slye a JUal aSs @y Jate (0l allis
g balg, wloa i axs ) Lai 0 PQ s lee 4 oyl
L ity ol e el ol [YY] s oSS Sledl!
ol 3o s Ll by s oA F L e e 5L
oIy drnlne g Color 12 50 093 (03,5 S lp (297
A dlgs sslaiwl celw o 10 ol ol s

&3P G (S8 0948 (50 )5 Sz -Y-V-F

(ot Alona L5 4o yn 55 45) lnses Sy 28 155
NERINCRI 2Tl 2R

vorr<yRiie) <y Vtel & Vi eN

bus

QAD;

Lyl 638,k eiman sl ok 1S5 o by sy VA
..\..»L;G;)|),>A>)\)...o5-.\.:l.:

I"(it) <I™ (i) VteT & Vi eb Q)
Ol I 5 ol 1S5 50 a5l b > r B9 akaly o a8
el 455 jlne

Srtebin Ol g wbioe b pys8l 09 )30 0925 S
DER , 2 CVPP |0 al> 1o 0 5o —ouidmlne oo

Journal of Iranian Association of Electrical and Electronics Engineers - Vol.13- No.1 Spring 2016

IFA0 Lot =gl 0 lowsd — o3 s S = 5l 11 Sig ySUN g (5 2 comwrtie cyol elomo @

Y


https://dor.isc.ac/dor/20.1001.1.26765810.1395.13.1.4.8
https://jiaeee.com/article-1-78-en.html

[ Downloaded from jiaeee.com on 2025-08-18 ]

[ DOR: 20.1001.1.26765810.1395.13.1.4.8 ]

g oo NS0yl B kel 6 5 O S0l s
il Sglite (Slej 1o g aie 0 Sl WlE o0l 22
g ol as aiiws Al slogdgys 05, el =2
O3 el et s 4l (ol Bas Nigd (s S e

Sg—8 (g 41,85 Bud wl pl Lol yen Wl aS 604.8
Jolis LaDG 31 (6,0 100 140 9928 .0l c0 DER 5l g 15 150 500
g 39 gley Blax (o295 Ol jlre GakeS g dden
Sg—d A g —dalS g aalidl ol e Jles
el o alies ada LB gl g lbooiiSo uid 51 (o150 00
ly 6,10 m0 0 993 as Lo el sl CVPP 5w jo a5
dogods ;8 358 ol s lo .cd I IYA YVl s e
&L Jo jelaie an allie o) o conl S8 a4 p3Y ol ol
Isqlin jgiss 3 das 058 b Slaypo JBlas golgriny Bun
e o oaliial e l53le 5

oSy ) adlie (il § S iy o3 4 Az gl b (e
0I5 ftr s TVPP age (rels oyions o550
sl anlel as (0,8 00,5 ik 5l 0s3 slolis wls
S5y Gigrd 00,5 M By (3 p ogdle Wiy SCVPP
KWy

OY guazo das polie gawlxo —F-Y-F
L=l Gaa b comwlus (olio la oy awlxs 3l o
Giyaeliy poliae 3l Bl il yolae cdas b Cloz 090 oo
polie b g (piu,65 szl ol dd> 1o ,0) CVVP Lavgs ouds
el 8 sad> o j0 00t (g yaliyy polie ) Bl
polie (o b o 5l edel Caws 4y bl 5l eolainl b o]
Sb oidu o polie cpl jleslatnl b aigd oo annlne 20
GASs o D98 o oo plonl el YF el 2 0
(9 )y B Dpgmo 3 5 058 0 518 a3l 0550 je
b oo aalsl g 555l

a2 DER ;& 55yl ooz polie o268l Lk o
2S¢ o0 0 pl5e DER jCVVP

TVPP g CVPP o Scalon -V-Y-¥
259 a8 sac k o CVPP suej jsa> Silo (V) JSG
023 e 055 olgzds CVPP Ll ;0 WL DER o .ol

5 e aSi k pl 50 09290 GDER S uzxen 00
Cago dn a5 900 CVPP o .05sl;T CVPP Clsel

SIYA0 e gl o lond —pad i S =l il Sig SN g (52 commeigee (ol e

@9[% Suudg ["ON £1[0A SIO0UISUL SOIUONI[F PUB [BILII[H JO UOHRIOOSSY UBIUBI] JO [BUINO[

Y

AieS a0l aSl pgd (Wgd (53,40l L)..\:?u 0als g 3 y4ali y
o gy 0o ploee 00l (g3 ,40lp slaley o ol s
=S LaCVPP  moolgion ;o b oyl 545 4 LCVPP
iyl LSS s o ey ail sud plsl s
Ay 0ol ) Sl e Plas golpain Bus &b solping

205.:.'
. Q e . k(. set ( » 2
min ,E=1 ,-E=1 |:0(”.(AP(Z,I)+P (z,t)—P (l,t)) +

2

B.,-(AR (i,t)+R* (it)=R* (it)) +

Y6 (A o)+ ()T ) +

Y

>0, (AL(B.t) +1*(b.t) ~1" (D) )}

5
(el YE) L o csloojly olass T ala, ol 4o as
S5 £ DER S upas i 0550 DER olass Npge
Gad> oy laslds a5 Slapd sacgesmef dinsd Celu
aS Cowl obaslis gacgare b g jlxe (godguze 3l )5 |

ool (51 slme a2 Sl G e sl 0y Ll >
gt ) g5 Slet s Sy Sel agigal

el olgsds s Wy Vo uioren .ol CVPP

el o0 S5 e oz 5} g0l CBan s
98 i ) Bzl Sl 3 4 pgo 9 Jgl cuand
bwgi gbdead el Jlade 5l LS 2 (g0 25 5 (65 -]
5y 5l Sl s 5 an p)lez 5 pam Ceond 2l CVPP
ol ly el o 5l st 5l Sl g el 2 gane
e olasldy oS places Gl Sond 95 Gl avs
some sl G gLl 2 45T oleasll 5 jlne 0ogaome
Sg8 ;0 1) Ceond 90l T 050 000, 5 4 conl gyl >
e s L puiiie Oy S Ll 1 cogs o Blod g5 el
2] 45 el ISl el Sgamn IS by Sy g (6 jls oo
b Dlg Al a3 g e 130 S8y g g8
B gz Sy 50,5 At Lo Ga bl 4l
TVPP ouge p ool an o cslo py allae ol o .ol H55 3
5 Sl 095 (548l 098 Culey Jotue kais TVPP cus
O S aile solaidl Glaal cul (S pg0 a5 o
anie CSby Cudsiun s 18 Jlaiae 1) 4 gei aSl Slals
odidg B plyie 4 ()b (55lme ol s oge p Wl oo LAk
Wpde g 6B gle ez SSlse b B a3 ol
Oy a2 DER jo adgs jlade b calite &5 & 0lgs o0
Sloslawl b 0,8 mands 23395 a0 SO 0 Jed CVVP



https://dor.isc.ac/dor/20.1001.1.26765810.1395.13.1.4.8
https://jiaeee.com/article-1-78-en.html

[ Downloaded from jiaeee.com on 2025-08-18 ]

[ DOR: 20.1001.1.26765810.1395.13.1.4.8 ]

'o..\_Z.ISo).:_‘;..b u..mja& 9 Yo 20 A ‘_gl.bu.u.u)é W)J
o Cres S y5m0 43 00iS ]y alsi alie a5 sl (53 4y oY
Ormzed load Jow (PQ) ol posmge lgi-coll i
LeDER ;| S e CVPP o gy o a5 el onls (5,8
(_g)‘o),}c]@d ‘505...»..; L 4.‘>9.v l.v uo)ﬁ LJ"‘ o TVPP 90 0990
Slez1,8 Jloaxt ols anless s |y aliws <ol TVPP
LSl al i oyl b 435 a5 5 o)) ol > o,
s 3200 sy il Slas 313 satidin 5 b
9 ~/°\apu Oy )l_..ls )L‘>bo (_gobjd_?bo J_uTsn Cawdy Jl&.u‘
GaS—i L Yol 1le jlome Jlaie uizmen 5 V/+OPU
Ll ol 53T MW oVl
“0, 33 g 0aSTy ady é.gL:.a 31 olo o e sl sl
() Jsoz 9 (V) 59z 50 wi 4 (oloartip 2SI slaoas

Slodw!

003515 aadgi @l 31 6500 y20 50 s ol )y :(V) Jour

DG | p" | p™ RU R™ cosg
(MW) (MW) (MWr/hr) (MW)
\ 0O \ Y \ BVNA
Y ¥ \ Y < VO < /20
Y o Y o Vb -+
¥ ¥ \ A \ <A

2ol g (b et glag i ooles Sl ol (53
ool RU) gole &> jo canlidl cols 75 ol p
oals Hlas (7) U jo sabadlllas pivew oSS pl SLo
b oyl ol s Ve Jold i )l 00l
o0t el [YA] s o 5l i o] sloas L uloel
D \Y/FF KV s VoMW s 5 o Lo 5Ly g oles o]

st by IS (gloousiaSo 155 51 (6,00 y20 540 gl yol)ly 1 (V) Jgar

STR | SOC™ [ SOC™ | Ru | Ran | fw | SOCI | cosp
(kW) kW) | (kW) | (kW) (kW)
| o - v vo- | /A0 | o |
Y e - Y. Y. e X |

e nus
———

o404 9
e

l =
8RN T HR 80 Q0
< T -
1“ (L)
SIS| 13 415 % 7 89 ]l|l| BN I T I L P | HaL DN UE NI

E I R I T

TPA] s gaSud ohas 5 S5 : (5) JSi

(33

oolai sl L s S o0 ez |y 095 DER (L3l 5
I, LaDER s,15 050 sl o)l 5 5L 51 955 ledllol 5]
dalol )0 .08 (oo (s yasbp @i At Sl az i e
9235 9 Ol Ol—e 3 LADER 5l (g ls )0 00 slos el )y
DS o 005w DER (I TVPP & 1) G jo o0 (53,40l 5
aaz polde ol ins o, 5l eolaiwl L, TVPP
I 01 5 a8 4K 953 S DER o osins syl
oLk ,0 .08 o 05w DER TCVPP & 5 dculos | ol
Db oo e 4 1) Wax eddis i ,aeln polie aezs CVPP
&S o el

Gl oals ooy lid O IS 0 WSid (g less

DER (y (ol lo; Slpbe bLs)l 7 (FB) uSitd aax
Jols (Sl a5l oolaiwl b ojle oo o2l 3 |, CVPP,
Lug DER oJg Jyus 3 CVPP 4 DER (s Sledb|
axz> gly oald oolainl S ogd oo pdy el CVPP
2 5keae cpl o Wl IEC-104 [S5s,, s GPRS (S8
Bl & (helering Jlade g Sloj 65,40l J3bs sl DER
Sy oy Jlail peizees 358 Jate 05 g & b
GPRS .cwl p3¥ DER 255 ab pijesslin glp
Lrv] sl sl oloy Jlas! Sid wilgs oo

Real =

ICCP | Alava Data)

NIK Contro .
™

__Iv__ IcCP

APN

O D O @ER%P‘?MW
LYV s (s lomo (B) JSi

Gdde OlzrIlbo -0
9 09d (518, 5l 0 b aslllas 5,50 TVPP i (ol yo
e @i e phyz s 5ty 3.8 STy (653 wlie
Y g 0auSTy ads asls ¥l casaslas TVPP o5l
)| ] 00 J..S_....a (_g))_ﬂ @wjjﬁ‘ Lgo..\....fopb
4 o..\_._ﬂ).» J_Jy (’:’L"" ] 00 ).]a.o gs).c c.‘as J.:L% 6Lb)b

Journal of Iranian Association of Electrical and Electronics Engineers - Vol.13- No.1 Spring 2016

IFA0 Lot =gl 0 lows — 03 s Sl =y 2l Sig 51 9 (52 commwntigge (yol aloe @


https://dor.isc.ac/dor/20.1001.1.26765810.1395.13.1.4.8
https://jiaeee.com/article-1-78-en.html

[ Downloaded from jiaeee.com on 2025-08-18 ]

[ DOR: 20.1001.1.26765810.1395.13.1.4.8 ]

W el 53 15T A (gl cpuid 5L Smivo Sgute gt (A) S5

1Y ccelu j0 WY gaxo W g oul g3 ydolip wolio: (Y) Jous

Ps'@t Pn@w Rs@t ercw
DGl ) Y/0
DG2 ¥ Y/8 . .
DG3 ) F/ANYY
DG4 £ v/4q49vyY . .
STR1 VAL VAR ARY /N A
STR2 /Y </Y44 VAR VAL
A -

3l oy 5l o e Sln wdz logeds @llie cal o
Bop sl Pore aline 0d Sl s)bw 5 (2
Sloz a4 2l ploy Dae yo i CVVP L sl
b 4 Jais oS5, S aslen (55lne oyl ) gl
&> shls LDER (g, ool b Goimmen 057 L3, il
azg 9o LDER aazs .aiog olszds CVVP S Gl
TVPP .26,y &30 CVPP Lisg byl e Conige 4,
a3 098 CVPP (63,40l 51 Blsal o S B b
b 098 b Sluye Jlao golpidn B i b 1) @je8

255 518
2l
e Cavppd o
by i/
Celo o il 1
le ol
Al gouiSTy oy ganie Bl culye Ag(i)/Bag(i)
Pl 9%l sk sauim b culps DBl
pli oaSo 33 sanie b culys G (D/Bi(D)
t el 5 (550 3k onbigmin Cuodd Aell)
telo 8 GB 2 955 bk ead i a4l
Al goasSTy ades el ganjo A@)
TVPP & ;5 59290 DER slows Nper
CVPP sy aww ,5 DG slas Npg
CVPP uJg auw ;o osisSo 53 slows Ny
ol (goausSs 535, Laol5,Ls ¢ Racn /Ren (1)
S ad e Wlgi oo pll ouiiSe 03D AT (59,5, Aiew RS
STy adgs slailel, / iy sanye  SCa/SHC,
ol GoaiiSo 33 5.Ls Clo e sares  SOC™(0)
pli goaiiSepid 5 Ls o jlve garas SOC™(D)

(el YH) )L by slaosb olaws T

(29999 sl ptio

SIYA0 e gl o lond —pad i S =l il Sig SN g (52 commeigee (ol e

@9[% Suudg ["ON £1[0A SIO0UISUL SOIUONI[F PUB [BILII[H JO UOHRIOOSSY UBIUBI] JO [BUINO[

0

Oly= St S las soleian o9, 83 (53 VL sl
Sl Gl sl ouls sguma k gal> 0 12 0 S e
ol 0als 2,8\ il Dleas 5 lgy Ol sl seles i3
0 Jyamme 1o Guizmes g Sloy 1 40 e 2 &S (b o
3Bl g o il ails elae b5, aiiled co Slej
a8 5 by 0 V- FA pu olgsds (gaige 5l 9 O b 5L
38 Slme aiedan 9 00 slme Ly 5l Sl oyl
aiged (§lym il ol (5,8 V/0 pu beasls gads 5l L >
Sy9 prodn Slej soile ;0 A LY slaasls 5y (povie
Sl S 0l eid gadz e 50 0, (o0 )8 (o
SR P

——l—4

1658
=2 1
z l=1
= —b—l=
£
& ——|—2
2
£ —r—i3
g
£
E

e | — 5

—8—|:—0

Franchmumhber

W el 13 1-0 cloaslis ol o ke Sgnte Mg, 1 (V) JSCb
Sladepe o5 (7S o pitie Dl s e (0099500
(_‘;Lbu"""’ )l...lj ‘5..‘79.9 4.»9.@.3 ‘_gl).’ RO PR uo)ﬁ o[ pu Kk
o3l o eols Lis A gV sl S o il 5,5
39 0l o6 LSS 5o ded oo [Ren 1SSV s okt
polie 0,5 e 18 5le (gosguze o 5Ly el 1SS
&5, Z—e B ‘_.;1).3 DY game Jaz polis g odd g5 ,delip

diloads d......‘l.a.n Y Ja.\? 0 p.b‘.\m GLQ) ‘$°)L‘ ‘5‘)4 o..\..S‘).v

voltagemagnifude {pu)

hnsnmber



https://dor.isc.ac/dor/20.1001.1.26765810.1395.13.1.4.8
https://jiaeee.com/article-1-78-en.html

[ Downloaded from jiaeee.com on 2025-08-18 ]

[ DOR: 20.1001.1.26765810.1395.13.1.4.8 ]

(3]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

M. Aunedi, "Commercial benefits and the value of
VPP-enabled aggregation for DER," Imperial
College London, london, FENIX Tutorial, CIRED,
2009.

M. Houwing, G. Papaefthymiou, P. W. Heijnen,
and M. lIlic, "Balancing wind power with virtual
power plants of micro-chps, PowerTech, IEEE
Bucharest " 2009 ,pp.1-7.

S. Kaérkkdinen, "Integration of Demand Side
Management, Distributed Generation, Renewable
Energy Sources and Energy Storages," Report Task
XVII Integration of Demand-Side management,
Distributed Generation, Renewable Energy Sources
and Energy Storages, vol. 1, p. 77, 2008 .

J. Oyarzabal, G. Kariniotakis, and A. Amorim,
"Integration of DER into power system operation
through Virtual Power Plant concept applied for
voltage regulation," in Integration of Wide-Scale
Renewable Resources Into the Power Delivery
System, 2009 CIGRE/IEEE PES Joint Symposium,
pp- 1-7.

M. Sebastian, J. Marti, and P. Lang, "Evolution of
DSO control centre tool in order to maximize the
value of aggregated distributed generation in smart
grid," in SmartGrids for Distribution, 2008. IET-
CIRED .CIRED Seminar, 2008, pp. 1-4.

M. Aunedi, "Using VPP for supporting grid
operation: The system operator perspective,”
Imperial College London, london, FENIX Tutorial,
CIRED, 2009 .

M. Braun and P. Strauss, "A review on aggregation
approaches of controllable distributed energy units
in electrical power systems," International Journal
of Distributed Energy Resources, vol. 4, pp. 297-
319,2008.

P. Lombardi, M. Powalko, and K. Rudion, "Optimal
operation of a virtual power plant," in Power &
Energy Society General Meeting, 2009. PES '09.
IEEE, 2009, pp. 1-6.

K. Kok, "Short-term economics of Virtual Power
Plants," in Electricity Distribution - Part 1, 2009.
CIRED 2009. 20th International Conference and
Exhibition on, 2009, pp. 1-4.

T. Dragi¢evi¢, D. Skrlec, and M. Delimar,
"Modelling different scenarios of Virtual Power
Plant  operating possibilities," 15th IEEE
Mediterranean Electrotechnical Conference,
Valletta, 2010, pp. 452-457.

M. A. Salmani, A. Anzalchi, and S. Salmani,
"Virtual Power Plant: New Solution for Managing
Distributed Generations in Decentralized Power
Systems," IEEE International Conference on
Management and Service Science (MASS), 2010,
pp. 1-6.

R. Caldon, A. R. Patria, and R. Turri, "Optimal
control of a distribution system with a virtual power
plant," Bulk Power System Dynamics and Control,
Cortina d’ Ampezzo, Italy, 2004 .

L ol S ad e 9,3, 1 celo y0 pli goouSo 53,51 ans(iz)
Sl S
SO Ll s jlast cele o ali oauSo 3,51 d(il)
ol
ol S bl e0ps 5Lt cslo o pli ouSo3d S1 ML)
el SO b plpy sl g, t el 3 @i DG S V(5D
ol o bl et slailely t cels 0 @i DG 51 V(60
el K bl 09 hgals t cele o 6l DG 51 2(60)
L piio
t el 10 5555 5 5l 4,0 ol pll DG (san 50 Caglit)
23 80559 631 amdye ol pll gon S0 ,53 ganie Gilit)
toels
2 0Bz oS 5 55 Gt 5 CVPP (sl o5 PIOSIE
celo VY
t el 40 pli DG (goas gy yaebp (29,5 Ol Pyg(it)
t cele o pligoaniSo s oady Los/j,ls g olime  Pcr/ Pen

t celo 10 pli DG (goniis 3 ,aely 5,5, e Ragliit)
toele jo pli gofeuly [ onlis a0l 5,5, Hlime Ri(i0)
tcelw 4o f:‘i 00iiS 0 133 (Goali 53,46l 5,5, ol Ry(i1)

t celo ;o ol goousSo pa35,ls el SOC(LY

D Gilmo o9 0g @
By 098 oeled o 8 (g3l oy (giluagy (galine o
iy g 48,5 i 13 55 (s3lone o5 ed Laagi o 38,5
23705 D90 2 (IS s Sl S
X=X 4Ax M
Jlte lyie 4y i 9.5 55 JS slo i X o5
:M)b
P*(i,t)+ AP (i,t )+ R" (i.t)+ AR (i,t ) S P" (i) ™

&=l

[1] M. Peikherfeh, H. Seifi, and M. K. Sheikh-El-
Eslami, "Optimal decision making for Virtual
Power Plant operation," in IPEC, 2010 Conference
Proceedings, 2010, pp. 625-629.

[2] D. Pudjianto, C. Ramsay, and G. Strbac , "Virtual
power plant and system integration of distributed
energy resources," Renewable power generation,
IET, vol. 1, pp. 10-16, 2007 .

[3] O. Fihrer. (1 July 2011). Main concept Virtual
Power Plant. Available:
http://fenix.iwes.fraunhofer.de/html/what.htm

[4] G. Strbac, "Virtual Power Plant as a vehicle for
delivering efficient integration of DER," Imperial
College London FENIX Tutorial, CIRED, 2009 .

Journal of Iranian Association of Electrical and Electronics Engineers - Vol.13- No.1 Spring 2016

IFA0 Lot =gl 0 lows — 03 s Sl =y 2l Sig 51 9 (52 commwntigge (yol aloe @

I -


https://dor.isc.ac/dor/20.1001.1.26765810.1395.13.1.4.8
https://jiaeee.com/article-1-78-en.html

[ Downloaded from jiaeee.com on 2025-08-18 ]

[ DOR: 20.1001.1.26765810.1395.13.1.4.8 ]

(31]

[32]

[33]

[34]

[33]

[36]

[37]

[38]

1

outage decisions and short-term  security-
constrained scheduling in smart distribution
systems," Applied Energy, vol. Article in press,
2011.

E. Mashhour and S. Moghaddas-Tafreshi,
"Mathematical modeling of electrochemical storage
for incorporation in methods to optimize the
operational planning of an interconnected micro
grid," Journal of Zhejiang University-Science C,
vol. 11, pp. 737-750, 2010.

E. Mashhour and S. Moghaddas-Tafreshi,
"Integration of distributed energy resources into
low voltage grid: A market-based multiperiod
optimization model," Electric Power Systems
Research, vol. 80, pp. 473-480, 2010 .

R. D. Zimmerman and C. E. Murillo-
Sanchez,"Matpower 4.1; User's Manual,"Power
Systems Engineering Research Center (Pserc), Dec
2011.

M. B. Alberto Borghetti, Samuele Grillo, Stefano
Massucco, Carlo Alberto Nucci, Mario Paolon,
Federico Silvestro, "Short-Term Scheduling and
Control of Active Distribution Systems With High
Penetration of Renewable Resources," IEEE
Systems Journal, vol. 4 , pp. 313-322,2010.

K. Daroj and W. Limpananwadi, "Reactive Power
Dispatch scheme evaluation for synchronous based
distributed generators to reduce real power loss in
distribution systems," in International Conference
on Sustainable Energy Technologies, 2008, pp.
1178-1183

H.M. Ayres, W. Freitas, M.C. De Almeida, and
L.C.P. Da Silva, "Method for determining the
maximum allowable penetration level of distributed
generation without steady-state," IET Generation,
Transmission & Distribution, vol. 4, pp. 495-508,
2010.

J. Marti "The FENIX Scenarios — Outlines of the
Southern  Demonstration,” 2009,  Available:
http://fenix.iwes.fraunhofer.de/html/bulletin.htm

J. Savier and D. Das, "Impact of network
reconfiguration on loss allocation of radial
distribution systems," Power Delivery, IEEE
Transactions on, vol. 22, pp. 2473-2480, 2007.

b w e )

Generation Portfolio

? Constrained Linear Least-Squares Problem

© ® N w»n W

Distributed Energy Resources
Virtual Power Plant

Fenix Project

Market Participation

System Management and Support
Commercial VPP

Technical VPP

' Balancing Responsible Party

SIYA0 e gl o lond —pad i S =l il Sig SN g (52 commeigee (ol e

@9[% Suudg ["ON £1[0A SIO0UISUL SOIUONI[F PUB [BILII[H JO UOHRIOOSSY UBIUBI] JO [BUINO[

a4

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

(23]

[26]

[27]

(28]

[29]

[30]

P. B. Andersen, B. Poulsen, M. Decker, C. Traholt,
and J. Ostergaard, "Evaluation of a Generic Virtual
Power Plant framework using service oriented
architecture," in . IEEE 2nd International Power and
Energy Conference, 2008, pp. 1212-1217.

E. Mashhour and S. M. Moghaddas-Tafreshi,
"Bidding strategy of virtual power plant for
participating in energy and spinning reserve
markets—Part I: Problem formulation," Power
Systems, IEEE Transactions on, pp. 1-8,2010.

E. Mashhour and S. M. Moghaddas-Tafreshi,
"Bidding Strategy of Virtual Power Plant for
Participating in Energy and Spinning Reserve
Markets-Part II: Numerical Analysis," Power
Systems, IEEE Transactions on, vol. 26, pp. 957-
964,2011.

M. Peikherfeh, H. Seifi, M. Sheikh-El-Eslami,
"Two-stage approach for optimal dispatch of

distributed energy resources in distribution
networks considering virtual power plant concept,”,
Euro. Trans. Electr . Power, doi:

10.1002/etep.1694,2012 .

M .Bosetti, "Operation of distribution networks
with  distributed  generation,” PHD  Thesis,
University of Bologna, 2009 .

V. E. Santos, A. G. Martins, and C. H. Antunes, "A
Multi-objective Model for Sizing and Placement of
Distributed Generation," WSEAS Transactions on
Power Systems, vol. 1 , p. 1267, 2006 .

R. Biihler, "Integration of Renewable Energy
Sources Using Microgrids, Virtual Power Plants
and the Energy Hub Approach', Semester Thesis,
Power Systems Laboratory, Swiss Federal Institute
of Technology (ETH), Zurich, 2010.

C. Marnay and O. C. Bailey, "The CERTS
Microgrid and the Future of the Macrogrid,"
ACEEE, 2004.

N. Hatziargyriou, N. Jenkins, G. Strbac, J. A. P.
Lopes, J. Ruela, A. Engler, J. Oyarzabal, G.
Kariniotakis, and A. Amorim, "MICROGRIDS-
large scale integration of micro-generation to low
voltage grids," Session CIGRE, 2006 .

P. Asmus, "Microgrids, Virtual Power Plants and
Our Distributed Energy Future," The Electricity
Journal, vol. 23, pp. 72-82, 2010.

J .M. Arroyo and A. J. Conejo, "Optimal response
of a thermal unit to an electricity spot market,"
Power Systems, IEEE Transactions on, vol. 15, pp.
1098-1104, 2000 .

J. M. Arroyo and A. J. Conejo, "Optimal response
of a power generator to energy, AGC, and reserve
pool-based markets,"” Power Systems, IEEE
Transactions on, vol. 17, pp. 404-410, 2002.

B. Wille-Haussmann, T. Erge, and C. Wittwer,
"Decentralised optimisation of cogeneration in
virtual power plants," Solar energy, vol. 84, pp.
604-611, 2010.

M. A. Fotouhi Ghazvini, Hugo Morais, Zita Vale,
"Coordination between mid-term maintenance



https://dor.isc.ac/dor/20.1001.1.26765810.1395.13.1.4.8
https://jiaeee.com/article-1-78-en.html

Validation
"2 Bulk Power System

11

" Information and Communication Technology

4 Fenix Box

910 SulrdS ['ON -€]TOA - SI9UISUF SOTUONIAH PUL [BOLI)O[F JO UONLRIIOSSY UBIUEI] JO [BUINO[

[ 8T-80-G20z Lo wodaasef wo.y papeojumod ] [8+ T'ET'S6ET 0185992 T'TO0T 0 :HOd ]

IFA0 Lot =gl 0 lowsd — o3 s S = 5l 11 Sig ySUN g (5 2 comwrtie cyol elomo @

A


https://dor.isc.ac/dor/20.1001.1.26765810.1395.13.1.4.8
https://jiaeee.com/article-1-78-en.html
http://www.tcpdf.org

