[ Downloaded from jeps.dezful.iau.ir on 2025-04-12 ]

[ DOR: 20.1001.1.23222468.1401.11.4.7.5 ]

Journal of Novel Researches on Electrical Power - Vol. 11 -No. 4- Winter 2023

VN gl -yl o)lod —passh Jlo =G 5o (g Slindad (caads - ole ale

Olhiado 4l p dillaie 4l ) S 31 (6510 0 5 (K p 0 2ol T 5b &1 )
SIL 69 95Ny b (haxo Cunn § 9 oLl

st polay T yalhe UL apw T Sleds alsgu ! (Ko peadlal suge

Mahdibeigi79@gmail.com .l 1 eizd o oDl ol3T olKzils (o8 axlg ¢35 09,5 -)
Soodabeh_soleymani@yah00.com « | 1 <)l 45 « oDl ol3T olKiisls «liims 5 pgle alg o5, 09,5 -V
mozafari@srbiau.ac.ir <l »l ;) 45 « oMl ol31 olKisls i 5 pgle alg o5, 09,5 -V
Sharifi.r@wtiau.ac.ir .l ,s! <yl a5 o ool o151 olSils v ye ) 05 axlg ¢35 09,5 -F

VEANYNE Gl s VEVANA el s gl

b o Gy g solamdl Glisdo b p alaiy &by y S 3l 6o e (e ol ik Wlio (nl 0 loduSS
Alao Sy &) g0 G3liudiug Joo o wblgs Al LaSid s 5 (619 120 5 Sgw 391 Burd b s aSud 3y 5 o S oS
csbatme Comn ) (Buapgd (g3lwdiaty Ao o omo gl 53 B9l o0 Ga]0rd G3L 69N 9,Ng) U (bais (gilwdie
&5 2Ll 3wl oads &yl cidwd pdgas i G55l g (So il g pdiie Oladei Al p a Al 2 gl oLal
g 9 @y 655 b 31 6551 s Jols i 5550 5b 50 1M ouy s, Jlesl (o loyS 9 (Ko kSN 6l L (6l 2 (32 )40l dliuno
Conzlad pas (6110 iy as (5] Pl (S 00Ty Ol gl 395 4y az gl g oy ,F Bl (g5 lwdiong jo Lol i 5L 5590
19 500 500 g (i 58) 9 Wl s (1 31 A oo lisiwl gz (69 11 Il 90 (Goleaiion LS Lw jo ATl 5 5O (29,5 Ol o
Otl oo 4ol g $55uwly layb 93 I3l 9 (6551 Hlwe a5 S @ilio I Ao oLl Jol I3l a5 05,5 0 Sledulieny aSlijn )
2 in (Gl (rizrad g Ol)S glaa wiy ;oSN I G ol 50 Sgr wbleS Sl iy ) )10 o p Slaal 4y Jui e o L)L
sLad silwedly b oo gulis g plonil 505 1381 o 55 51 ool b (g lwdumds ol ouuds 00liiuwl (3lwdinte yoliio 41 (55 a1 i

ol 0315 JblS 42 ei JB (im0 a1y dcgazme (2 ld (sladi 3B (2 5oF Al 9 LaSiul i ) (ylee SN SUiS 9 (5,00

(P Wiz (53l A ¢ 2y W 5b (63591 453l (695 oS adgi ilie AT Ay 5 gaudS (sWdojlg
e wlfais aSilyn, 655 Copae @ine )0 e doddio =)
ERV:S Eyo0 Qﬁ‘ 20,5 f‘,ml)é Qi &lp u’J.> oly wb aS o0 L;Io.xg:ﬁ

& Sldllae ol gao50 alaiz gloaSityn ) 6551 Cupse

& y0d 6L‘”W 50 ol oLe,..M.u VRS p...aslm 3 si’ aSlil
rdvasass 65,5 wlie 5l osliinl il )8 g BB Sh a5 wsg

- 0S5 pyaely g9 g oSl g3 1] wilanal
ol o3l la o o samie T RIS 2 SREER LS 5 S &5 LT SR

doe lp 1) (Bolas (b 55 (glgaie S (Y] 50 iy

3l Bas les )5 slpainy alfas sleaSiiy ) 7,b SO (gslulel, 4
oVl oSl 1 (286 50 anpe paile), Sl a4 sl e
oS 5 Sl gl 8 ety pgo maw jo Ll
Y] 55 siphicn chopes gl gl o 008 (oo aite Lo 5
GloaSein, b mss 4o Slbee iyaabin lr b ayk
5 oad (gilwargy ol al [€] s D oo ooliwl alfais

Slowonad 1 (Sl ails ,...L, &8 ot ;0 Shaw (65
Sras giluaige jskiie 4 (65,1 Copas deaSily ) Hea> )0 pie
SLaSlin ) Hea> )0 655 Cupde sl ()l g (S Sl 65
o 097y @ A (al )3 GBS el sl | platlly Sasie
loasod ) 5SS o Slaal Jlis 4 e sla g3l 1 B )b G 5101
s (oS Blaal 3a JLo 4 (535 50 5951 0] 00 (G 5l g 00
J5 izen g baain, 5l o e bl @ azg b les ol

Yy


mailto:mozafari@srbiau.ac.ir
mailto:Sharifi.r@wtiau.ac.ir
https://dor.isc.ac/dor/20.1001.1.23222468.1401.11.4.7.5
https://jeps.dezful.iau.ir/article-1-448-en.html

[ Downloaded from jeps.dezful.iau.ir on 2025-04-12 ]

[ DOR: 20.1001.1.23222468.1401.11.4.7.5 ]

Journal of Novel Researches on Electrical Power - Vol. 11 -No. 4- Winter 2023

OR55  o b lades gleaSiig ) po g5l Cupae sl el
el oa ) IVY] jo i llans! glaazulys

e (P dw (6551 S pe Ba el S5 Wi ol o
Wair glaasSildn) Olles dige snyaebp slp ol )5
Olge & baSily ) (oo sl ygilpl cgoleniny Joo 5o 9 ool il
el anles 1) it (655 pread 2Ul55 3k Lol LRk
abogy o 4Dy 50 (oo gl ,5 0920 WS o (Ao 53l ] 2 &8s
Yolee J5u5 5 ogdle 535 0 L5ilnl SRS g 5l ST e |,
i (ST Dol Wilgy o wdWl 4l g aSiidy ) e (85
0595 35 655 0 il pl g (dome Loyl pl s el 83l 03,91 1 1,
Jobar sl oad (gilwJan olpiinn e dw (6550 S e
Pl 2y 2 solekia Joe )5l asds

-4y S5 Cane @l Bl e iz giluJos @

sl sl

3k allas )3 09250 LS5k MLl SIMPEC (55l Jus @

oty Jow .l oads puilejle 3 Ojse 4 Gaisd ol
Silotcd @B ¥ (A5 )3 g ool dlged ruizmen 5 ALY (250 50
S Gion 50 6pSams 5 GLb OIS coles jo 5 00l ools 7,5
g als> (1) S8 O jgar Gaiodd O lrgld 00,5 o

[ ]
I B I

v

gl Al o sl Joe o dome ST Sy oibea
i e giledie

v

I e gl Ll I

v

ety 5 et GleEl e 2 DPEC ale o oyl el

werast slelgas

v

I T A I

olpiin Joo (gilw and g adod Wg, s (V) S0

oo (B -V
Joto HLis b =¥

Pz alin, S Slles angr iyaely lp iz Jos
U ol ol ols Lt 5 b yme jslaie dy sl o 1) allie !
2 Sl 0aly oolaiwl (V) JSo 50 oo ool ylid oo Lzl
3>ly (COU) Jgone agi axly Jolis aSlii ) o oSS0 Gl ol
05633 e (CHP) G 9 LS plojon adgs wly wsols wlss
555l slasl 5 (UL) <ol sla)l «(B) JLis: «(ESS) 55 sl

el (RL)

VI Glis; —p)laz ojlod —eo05l Jlo =50 50 (ng Dlarizd paass - ole alee

Y'Y

Rl slp g )l aSebn, wix 6551 Lo pae sl Sialen
Slog b Coddge ot lp W OVl a3l SO
So el oad Slpiiy 4z paile) Sl 4 gl 6551 Cupoe
2 &Sy, 55 Capae Glp (Sol ddoe wix gileaige s,
lodSecd 5 sl UMl o Shoe aslis 31 cpl yo .ol oas il [0]
L] 5o ans o) (Lol aSs b (5,01 Jols b g o olgiiy
Ay S5l e gl (ST 655 Capoe Gglaaie S
JS anie (g, cnl o aS ool il 55 15l o siedige laaSily,
S5 00,8 o0 atrine B glial ags cod,b g o, o0 JBlos 4
&l V] 5o (Ssbs oz (e (55,1 oo az LSs (s55090ie
@yl il g0 (658 puilSe 4 az 55 b (65,1 slapb > g5lwaige
g JolS yllss S 5 e (655 G e s Jow el ouls
obes JyaS el oas ail)) [A] o baosls GluiST i cinllsg
JERT RSOOSR S ST S IRV ST S, FCHURVAPPS JU L) IR
‘—i.’. w‘ o Ajl)| 64,.)[) 9 LQM)? g.)lg » Ls.\.uuo &>9S u.:l.\.u
Sleig DC aSny, o sl [V o] o (650 ca pone e 35 52
‘—i.’. w‘ UJLAJ raL>o)‘ f":")ﬂi” uul.w‘ » Lg)‘")""“"‘ u.:‘ w‘ AW
aBly axwy ilwaign 3l osliiul b ael )5 6550 Cu e m oS!
dhie 5TV o Baras g cad oass @l [N ) 7,68 Lile 5
1)) ‘..\3109)5 salazl by, SO Lg')"J.Sl Co pde 6‘}:’ T3t
4 oolazwl o) (655! Cond sl & bl o 1y Dgus golpainn
3 olai (65, o pae ol SO Y o il o ST
‘:‘-'3)f )‘)é ol Sy )-’vUAJv\-”U 63)3‘ &.'L‘*’ Aol b d‘i‘w‘)-') Y
pleal gl ax Lo Cga )l SO IVE] o el Lasil g ana rals
Sazme (G (895 9 Broi (s LA Gy o sl S
ol oals &l )] 59,5 Sloy wbide ;o ATl (655 G e JSie o
95 ante Sy Wiz sbaSiig, sanile; igdse ool
el 95 05950 5 9y0t 3y Jeld Sl el cals &) (glal> e
55 U o9y Dldes (53,460 5 sl [y#l 2 P9l g5kl S
6)5-‘5‘-‘*" &SJ Lol 00l °L€r-“‘~‘-" ) mlfa.o 45.‘..». "')‘.;‘) Lngf“"““""‘““ n
DIV] o aeT)5 51 ol ez oo LDC a5 (6550 S e
SYleixl flowbl clbl cy pae 5l Sl oo sl
Lglo)g‘)‘.? /J.Aa.w 6L®45-53}a) 5 Lg))J‘ ‘_g)'Luoﬂ;SS ‘_ngW ‘5‘).3
Copde S [ral 3 Cawl oas &3l [VAl 30 pdiaass g5l L
slocusgazme 4425 LACIDC oS 5 4l ) slal> o 9 (5551
ol 2 st 5y Capie SO el ol @l ulS 8 il
o0 J S (ol e a5 51 aS” (Glo 3 AC (glaaSiit ) o j0d
Slp o pan was o, [vy] 30 el 0l Slpaiion [v-] JRRRUW
ol alyl aSiils 4y Jeate aSilip, SO 5l A (g4l 0 000 50,5 o
Bad g 00 (6 jladde (6 5lagings 9,509, S Glaie a4 i (ol ol
iz 55 a0l g, SO el S dse aile, JBlas 4 ]


https://dor.isc.ac/dor/20.1001.1.23222468.1401.11.4.7.5
https://jeps.dezful.iau.ir/article-1-448-en.html

[ Downloaded from jeps.dezful.iau.ir on 2025-04-12 ]

[ DOR: 20.1001.1.23222468.1401.11.4.7.5 ]

Journal of Novel Researches on Electrical Power - Vol. 11 -No. 4- Winter 2023

VI Glis; —p)laz ojlod —eo05l Jlo =50 50 (ngh Dlarizd paass - ole alee

@ (w93 dltes (g0l 5 (VL v ol (LSl ) (Slles
Olye 4 altae ool el (e 595100 5 (35 70 9810l W 5l s S
e o dlgayd (MPEC) Jolss slacusgame b ol 4l S
S o gl dlins 0l walg> 00ls sl Y-Y-V jidy 5 0 a8
aSii sy m DYolse Slalill 4y az g5 L a5 ol (onbas ST IS0
laxl anlsl yo o5l y co oo aSiin; Slles (55,40l 4
95 Ol 5l g 055 00 ) (lome glaaSidny ) Slles (ygm¥ g0 8
@ bgye Luly) Coles 50 edee il (altae (VL lan) DL

Al algs ool sl dlins pous grlaw

LI

[ L R P

oSl i)

S | @

1 oSk (B Stig)

ok 5 s

[Expe e et

PP ST PERPRE"S TSty ddasamy

al

SleaSiln ) 6550 S pe (lp olpiing (v v Joe (V) JS2

o Sl 3 5 (65 lwanads =YY )

aSiilfy )y yo odd ol)"l L;.sjﬂ 5 Slhles 4o golpiiny Jos ;o
ol (g lwaigy aliuns cpl ply .l oals a3 )5 a5 o Baw a5 o
TR U RPL USRIV I RESRVES WL ARG IPEREIRVES LA v

g oo i (1) alal) & 50

24 1 2
min z 0. CUC,. x CUG,., + CHPC,, X CHPG,.,
h=1

3
————t—— . :
+ BCp, X BGpyp, + SCEM x SPER + SCAis x SpAis
5

—_——
+ DCBR x DPPX
6

7
+¥n % (B’ = Bait!) | +62 (EMrCnh + EMgy” + EM;%h)

M

oy M &y 5 39, 0loj LA LE o p 4 M 5 h Gl o a8
Shles auie ar bsy e (23055 Slocuyo oy 4 01& 02 (o
IRCCON- S SOV | Y

Yo

Ol Olse 4y leaSiln ;) allie (nl ) ooliiay Joe 50
@ @Al Jols yo 1) 095 dge b dims oo St ) (IS Jins
WL el oals ools las (V) JSKi 0 a5 jahailes caiiln p iSTas
a0 e glaarls ail)l y odle a5 col oS3k N Jels
S Geizmed g 500 slaaSed s b (6551 S¥olos (gjluainge JLso
oS Sgu ydila, STas 4y Bus L aS B pl aiziis ool
Dedse Lupde 6§35 0 ,5lnl bugi el oo LA el
P Olie 5350 slnl e GloaSdyy, Pl 4 azgil;
s 3lyS (i 1) (Vb ASS (rizmen 5 AL G (655
655 lnl s sl oyl s, b giledue jskate a
sl o ol Sslas (53b Ui,

I

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

| Coalition
|

! i !

MG1 MG2

aslllas 3,50 Joo il (V) U5

5 e slysilnl e blie aluly (28,5 ko jslate
e o oSl o 625 preal Pl Grizres 5 555 0,550
el 0ol slgaiion (V) S8 4 az i b oxdans 4w
591l oBass Sl alts gilwJae lp g3k anyk i ol o
Sy ozl o el o ooliiasl B! 55,0 Co e sly 635 5o
Jo aSln, 2 @ldSS G Gln S (nl ) b g0 dllews
SaaSilny 5o 655 Cape (x93 alies (pl B Ho 098
90 gl aliss pl 50 09 o0 plxl (63550 )9l by Al iz
S Fomb zohw g 0sd o0 dlgeyd (535 0 Heilnl w5l YL mha
sl )9 i cnl & Ngd oo ge B (e lo ol nl o
A el gy Alide slaaY (golass L

ol Oliee Jolds 99 mhaws allis Lawsgs oads (ynd Dl
gy dolgs oVl 4l g baSidh; (o

Bogm Vg ) gshaw (295 ol ppgw gl o
JS5 4 azgi b0l oo s (dome sl Nlos 0 5l eaSily,
arlse sl NSl b aaSiin, 5 S e il ()

Jowo gilw dls -Y-Y

O SMala) b.zla.u 90 Joo SO Jolds (golpiian b.xb.u ds Jdo
Syl ) (rhaw S5 oo S g (635 0,950l g (e slo il


https://dor.isc.ac/dor/20.1001.1.23222468.1401.11.4.7.5
https://jeps.dezful.iau.ir/article-1-448-en.html

[ Downloaded from jeps.dezful.iau.ir on 2025-04-12 ]

[ DOR: 20.1001.1.23222468.1401.11.4.7.5 ]

Journal of Novel Researches on Electrical Power - Vol. 11 -No. 4- Winter 2023

Ul S e sgamme [y Blaie amly oy colls (V) o

dgazee (F) 5 (1) slaad bawgs (Jgone 9oly adgi oS 5 a4l
aly Lasgs o0y G pas Cgus 5 IS (olaglS Lal .o oo
CeblB () 08 098 o petd (F) 5 () 3l oolinl b ol 5 &) pgs o
4 CHP oJg ol 5 iolidl SUles .auS o 9gumxa |, CHP oo
CiS g § 00D ol)"| Sl el ool 0guze (3) g (M) a3 b cus
OV ) jloslinad b s 5 4y CHP Lawsgs Lo )5 wdgs 5 (Byae
el 0l 0g05me (W) L Hlgy Javwgs Lo )5 aded ColilB 098 o (yusS
O ) K (Bras Cigw g sLaal
2980 oeetS (V) Loy (655 07053 ponns 5L Copndg 0iS (o0
gdse A n (V) v 59, 2 sl g lal o (6551 Jolas

Lias (VA) by 5,L80 5 5,L0 glacdle o (g5, Jols (izmen

Ol 5 @il Cad )b i 4 (V) 5 O) ol b 05 oo
@s&dbwb(v\)djbl&‘:AJ‘SAOBW‘)LS))J‘OPQW
WS o s A5, o o |y Lol 4

ool b a2 p0 Celw 1o 40 el B rae g ades Jolss
(VY) by aSibn, 12 lp Jobs collB s o Laa> (YY)
Mﬁ)ﬂ)é W) ..\.,Jﬁ.a 6LA)fJSG‘f) 6).\‘)) el 00 Sgdo
B9 oo ymts (VF) 9 (VO) jloolaul b o i 4y aSl gy

(WS Adlno) Yb Gb.w aJluco GJL“JM -Y-Y-Y

il oo JBlos 4y (YY)

Moz 1
min zz CUC, X CUG
m=1h=1

2 3
+ CHPCyy X CHP Gy, + By X BGyuy

+ SCgh x SPE + SCiis x SPAIs

+ DCBR x DPRR
6

b
v x (B = gt
7
+ Yn x (Pt ,buy P;,sell)

(Yv)
A3 G pidd S loads (Bire (V) dolee 0 7 U)ol
Slacusgame .o, dalys acule | woVb aSd b (65,0 Jobs
bl n (Sangn) (V) 5 (TA) Ly, &9 Vs o

VI Glis; —p)laz ojlod —eo05l Jlo =50 50 (ng Dlarizd paass - ole alee

\id

ailisy Sdst anze e lis cui 4 P Y Ll (1) akaly o
a3 Gl alis; ades anse CHP wlis; adss anje asm o 9ol
Wlisy Lol gwly 4 3o (835l (silwo 033 i ilg; (Slles
bt oads piie (ol V (o il e ailis; 5551 Jobs am g
WS o0 Az sy Jsb o |y Al Sl Sl

P ) T & Al (slaas
VP8l tons @595 pow po algs anly (slans

CUGH <CUGHp, <CUGH, vm, vh Y
CUGmh —CUG 1 <CURU 1, vm,Vh *)
CUGn—1 —CUGmp <CURDy, vm,vh \2)
EM S, =CUGp xERf, vm,vh ©
Fon =CUGm, x R, vm, vh )
CHPGyy <CHPG, <CHPG, vm,Vvh \2
CHPG,;, —~CHPG 4 <CHPRU vm,vh W)
CHPG g —CHPGy, <CHPRD, vm,vh &)
EM SHP —CHPG , xERGP vm,vh 0
FCHP =CHPG pp, x FRGHP vm,vh O
HEHP —CHPG 1y x HRGP vm,vh O
0 <BGyp <BGp vm,vh (%)
EM B, =BG xERB vm,vh 0
FE =BGy ><FRB vm,vh (o)
ESy =ESh o+ xRS :dls xSPUS wmvh ()
m
V)

s s
Em24 =Emog VM

s ch 1 dIS
Z“ xspdl = Z a5 *SPmn VM OA)
h=1 m
Em <Epp <Em vm,vh (%)
dis _ oS .
0 <sph spdis < p3 vm, vh (¥+)
0 <DPBR <ppLR vj, vt v
di bu
CUGHyh +CHPGyp +SPAE +PY, +DPER + PO -
_SPc thrF,VI +Pse” vm,vh
0 <phW psell <pide ym uh (¥e)
HEHP L BGmn =H hn vm,vh (YF)
EMS, +EMCHP L EM B <Eqy vm,vh  (Y0)
24 JE—
Z(Fch +FCHP B )< FS vm (¥$)
h=1


https://dor.isc.ac/dor/20.1001.1.23222468.1401.11.4.7.5
https://jeps.dezful.iau.ir/article-1-448-en.html

[ Downloaded from jeps.dezful.iau.ir on 2025-04-12 ]

[ DOR: 20.1001.1.23222468.1401.11.4.7.5 ]

Journal of Novel Researches on Electrical Power - Vol. 11 -No. 4- Winter 2023

“-‘L'-“?“:—.—“HJJ-.-'.-—_A-EH;VL:EJ“—\

(V) iy s s 5
(790 5 (TA) Jalsy Le Coongdos ipguine

Loty Jarll o5 1y e

(1l doa s
(7995 (7)o Cussiaoms s as

] 5 Y sloe Sl

AS By b aban Lo 5l e g

>/

013 4l sl oo h20 s

(T8 5 (T el Cppaome g ]

i Joo (s aw IS il b S

ol 00 &1 (V) Jga3 50 pges po sloazly olss .ol ¢S5l b
-0 o0 il glaaSily ;0 CHPS lo (S5 (V) Jgaz 50
«(F) Jgaz j0 g 00l ools lid (V) Jgaz j0 o ligy Slasin 04l
Bl e co ) (65,50 0 S St Lols>

o 03l Galed (B) JS5 po 4l so 50 (SupSlgla)l U
ol 5 (6Knl) pdyllani slaly Jols 5o 250 slol aig
- oo 03l Lt pdycillasl la b (V) USS s el (ol ) ol
00y (A) JSi jo alirs sloaSisyy ) jo siele ol )T B ran 2igd
o ools las (1) US4 jo aSilin ) 5o )0 ok oty wlgs 05 d e
Jswls @i Jlil @b 51 ool 9oty wdgs (giluaes sl ool
IYAD sl onis oolizu

loaSeud ) 2 JobS eigred g SVl L Jobs <ol p2STa

PSS SOV IRV TR PRVPCE SN ESCH N L ¢
9 ARID (B9 e pd Dedes (B Wy Voo ASLSh, 8 0
ol 0l QLS 1Y g o IA s 5 4y (Sl

P o 395 slaoly sla Sy (V) Jooxr

Microgrid 1 2 3

MC? ($/Kw) 0.11 0.12 0.1
C

- kw) 0 0 0

E KW) 8500 | 7500 | 7000
RU{ &kwih) 3000 | 3000 | 3000
RD{ &wih) 3000 | 3000 | 3000
ER; db/kwh) 0011 | 0012 | 0014
FR(M%/kWh) 021 | 022 | o021

Lg'z.la...; 99 J..\.a L§'~>3)> ‘)‘45 )‘}5|r=).3 I MPEC altuw u;)‘LuoaL:av L
Ol mls 0,8 anls (i 1) calidee sloaSityy ) (e Jols ol e

VI Glis; —p)laz ojlod —eo05l Jlo =50 50 (ngh Dlarizd paass - ole alee

Yy

N
Z(cucmh + CHPGp,p, + SPES + P, + DPPR
j=1

+PI) 4 PO

mh

N (YA)
1
= > (SPgh + PJh + Pl
j=1
+P) + pett wh
0< Pﬁ ,buy ’Prt1 Jsell < I:,t,trade vh (¥4)

bl ss o 5 (TA) sy G el el s Jobs

el 00 390 (YR) Lags oWl b Y1 ol Jols
slo)gilnl 9 6350 s8lnl Jlite SIS Guati (6l (b 50 Joo
59 098 o0 dge,d (F) UKo [0 ol ools las sl ulal 5 oo
s 5oyl e o Lol 3g s JLos 3331 IS Clual YU ebaus
5,5 a5 o e (sl ] lual et oot LS5 Y iz 145
(MPEC) Jols slocusgame b (ool aeliy SO ol pls 05 o

Wolre o b JaSia Ll sglaie ol (sl iamd o aslizisl MPEC

IV 550 00 3%l (558 el

( ]

Bl g5k e sl oxba 55 Al gzl ¥ IS

o g (g 3Lwdands -Y-Y-Y

daw aw LSl @lie )l jo eolpiing Joe s mese jelaie 4
S 90 5 SO zolaw el ool eols las (B) S5 o Jow ol IS
Sy o 5551 JoL5 SIS 45 wtns o LS55 |, MPEC S
e 99 e (29,5 ol 2 oS oo e ) eVl eSS 5 e
CaSiiy olawy 4 az g b Sllas (3,40l dlins pgus xhas 0
el 00 00l Zrdgi V-Y-Y isy 3,0 oS Cwl ol

Goue i =Y

SG e opl 55 g3kt oo (B ol (ol plis jslane 4
Loly Jols CohB L asiln) aw Jold Ay oSl e
S o (V) IS 50 oad ooly lid el sl oWl oSS
9ls G ipge o g als S Jold aSiln ) e el oad a8

ey Sl 5l Gl oS pis S CHP S ol o3


https://dor.isc.ac/dor/20.1001.1.23222468.1401.11.4.7.5
https://jeps.dezful.iau.ir/article-1-448-en.html

[ Downloaded from jeps.dezful.iau.ir on 2025-04-12 ]

[ DOR: 20.1001.1.23222468.1401.11.4.7.5 ]

Journal of Novel Researches on Electrical Power - VVol. 11 -No. 4- Winter 2023

s Microgrid 1
1000 Microgrid 2
Microgrid 3 f
= 800
H
k]
3 s00
2
2
x
T a0 \
200 \—
0

1 23 45 6 7 8 9 10111213 1415 16 17 18 19 20 21 22 23 24

aSbpy 2 0 pdydlasl ola )by s

12000

s Microgrid 1

e Mlicrogrid 2

Microgrid 3

Thermal Load (kW)
o
8
o

2000

O +—F——+—F— 7T 77T TT T T T T T T T T T T
12 3 456 7 8 910111213141516 17 1819 2021 222324
Hour
Mﬁ)p)o@ﬂyéb)b:/\ﬁb
1400
1200 ﬁ/;\\/——/\\_\\’\
<1000 —
E Y/
c
2 800
=]
c
2
o 600 |
o}
T e Mlicrogrid 1
2 400 e Microgrid 2
200 1 Mi id3 -
0 T T T T T T T L T

1 2 3 4 5 6 7 8 9 10111213 14 15 16 17 18 19 20 21 22 23 24
Hour
Al 50 63k oy ader A S

obis el sy ) lawgy oas oals Jrgos 6))‘" o) ISy
Iy &5l po 9 Jol GloaSiisgy ) ams oo Hlis zolis .ol ool ools
50l gldolos god Jol aSliin, AU Y Olelus (o .0 oo Jugos
Al dsly 65l Al sy cpl Yoo g Ve e VA BY e el
oads ool higmd (65,50 A wme oo plis o8 1l aes e g pgo
Ay dawg g 59, alizee Slebu jo ouls 2l o (g5l
obis JSo ! o a8 jehailen .l ool ools lias (V) Ko (0 pg0
SraSin 5l g 59, Olelw plad jo aSliligy ) cpl ol 0uls 0ols
Py psmye Gloazly (g,m (V1) JSKb oS oo 8L 50 (6551 ;500
S 55 Jgl a5 amo e (i s o e L leaSil g
Sy y 90,10 (S (Sloaxly Lawsgs (S Sl (6550 adg jo ) e
Sl ly il o eS g0

VE N Ol —pslez ojled el Jlo =3 ) (g5 Slidod paads - el ale

YA

Ay 9w o 975 (855 paw g Jgl laaSily, 45 aas e

Microgrid 1 2 3
mc “HP simw) 0.12 011 | 013

(kw) PCHP 0 0 0
(Kw) piCHP 4000 4000 5000
RUHP (win) 2000 2000 | 2000
(kw/h) RDEHP 2000 2000 | 2000

HREHP 18 1.95 1.9

(Iorkwh) ERCHP 0.013 0013 | 0.013
FR (m3/kwh) 0.25 0.26 | 025

loyhg sla Sy (7) Jgoz

Microgrid 1 2 3
MC B (sikw) 0037 | 0041 | 0042
HE w) 2500 2000 1500
(Ib/kwh) ER B 0.01 0.011 0.012
FR (m*kwh) 0.18 0.17 0.18

S5 il S Glapinns o S5 (F) Jgoz

Electrical Load (kW)

Microgrid 1 2 3
P (kw) 100 150 150
ES (kwh) 500 500 600
EP (kwh) 0 0 0
s dis
7 0.95 0.95 0.95
ne o 0.95 0.95 0.95
Mcidis ($/kW) 0.01 0.01 0.01
MC " sikw) 0.01 0.01 0.01
14000
12000
oo _-—._-_7_'—7 — \
8000 "/
6000 e Mlicrogrid 1
2000 Microgrid 2
Microgrid 3
2000

1 2 3 4 5 6 7 B 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24
Hour

Sediny 2y (S lal ggee £ JSS


https://dor.isc.ac/dor/20.1001.1.23222468.1401.11.4.7.5
https://jeps.dezful.iau.ir/article-1-448-en.html

[ Downloaded from jeps.dezful.iau.ir on 2025-04-12 ]

[ DOR: 20.1001.1.23222468.1401.11.4.7.5]

Journal of Novel Researches on Electrical Power - VVol. 11 -No. 4- Winter 2023

Chargine state of the energy storage in

6000

5000

2
8
[S]

AN,

g 7
<
2 = Microgrid 1
23000
£ e Mlicrogrid 2
o
o e s Microgrid 3
I 2000
]
1000 -

0 T T T T T T T T T T T T T T T T T T T T T T 1

1 23 45 6 7 8 91011121314 151617 18 19 20 21 22 23 24
our
o a3, 50 CHP oy slaosls A Y S

1
Lal
3z
=
‘é"D\\.\.\\.\.\\\\.\\\\.\.\\
-§ 123 45678 9101112 14 1516 17 18 19 20 21 22 23 24

-1

Hour
VoSt 5 ESS 5yl comds ¥ S
1

Charging State of Energy Storage in

)

Boiler Generation (kW

VE Gl —p ke ojled 235l Jlo =35 )0 (g Olaass caass - cole alxe

&Y S 50 ey, 0 CHPS (S sl slo > 9,5
4y, CHPS L oo oy (S Sl (5,50, 5l el sas

9 ))LM: M.oj OMQULMJ Y Cord = 5 5JS.~: U‘i‘ ).) RV (\f) J_i..:
6)L-’°)»->D ))Lw M@j oW ESS 4..170 oo 9 OM;}UL\M; -\
d.iu-»):) u:‘ 5 Ll 00 00l UL"“'" \0) JS,,,, 30 pow a5 A}-.‘.) 3
2 5he Sl adg .aiS e adgi Loy 5 e oo CHP , opdle

Energy Deliverd by Microgrids

Energy Received by Microgrid 2

2500

[
8
=

1000

500 |

]

2500

I PR djl)‘(\?)JS.w)o o 4&..“1)))

e Mlicrogrid 1

e Microgrid 2

N

01 2 3 4 5 6 7 8 9 1011 1213 14 15 16 17 18 19 20 21 22 23 24

Hour

b aSliy (29> Ol i) e U5

2000

1500

1234567 8 9101112131415161718192021222324

Hour

-200

Y aSihn, 0 )bu Ko ey (Sl 65yl adg N S

Ya

1000
=
2
go 500
§ 12 3456 7 8 910111213 1415161718 1920 23 24
D T T T T T T T T T T T T T T T T T T T T T T T 1
01234567 8 910111213141516171819202122232
Hour
-1
Hour “ - &
Y AS.a...J).)) 605)5 uly AR JK...'
VS, ;0 ESS 5l cansg VO S
000e
1600 / — 0008
1400 /\ / \’—/_\ OOOTP_E‘,
/ \ -~ " V 2
1200 / \ //\ \/__\ 0008
o
1000 / \ / o oooaa
- / \ ~ owor
600 3
I \ 000e 3.
400 I bi1go12iM s A
I \ o0o0s £
200 £ bi1g01iM s &)
J \
0 — € bi13oNiM ==
[ T U T U o

T T i
PCESSSISOSeIBINIALIIPLEISIIIOLI G 8 X
woH

LI B
9 2 p g S I

ol B 5% pyeye Sy glaosly VY JSS


https://dor.isc.ac/dor/20.1001.1.23222468.1401.11.4.7.5
https://jeps.dezful.iau.ir/article-1-448-en.html

[ Downloaded from jeps.dezful.iau.ir on 2025-04-12 ]

[ DOR: 20.1001.1.23222468.1401.11.4.7.5 ]

Journal of Novel Researches on Electrical Power - Vol. 11 -No. 4- Winter 2023

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

Leonori, S., et. al., "Optimization strategies for Microgrid
energy management systems by Genetic Algorithms",
Applied Soft Computing, 2020. 86.

Hajiamoosha, P., et. al., "Stochastic energy management in
a renewable energy-based microgrid considering demand
response program”, International Journal of Electrical
Power & Energy Systems, 2021. 129.

Harsh, P., and Das, D., "Energy management in microgrid
using incentive-based demand response and reconfigured
network considering uncertainties in renewable energy
sources”, Sustainable Energy Technologies and
Assessments, 2021. 46.

Hou, J., Yu, W., Xu, Z., Ge, Q., Li, Z., Meng, Y., "Multi-
time scale optimization scheduling of microgrid
considering source and load uncertainty", Electric Power
Systems Research, 2022. 216.

Movahednia, M., Karimi, H., Jadid, S., "A cooperative
game approach for energy management of interconnected
microgrids", Electric Power Systems Research, 2022. 213.
ShafiulAlam, M., et. al., "Energy management in DC
microgrid with an efficient voltage compensation
mechanism", Electric Power Systems Research, 2023. 214.
Rahimi, M., et. al., "Probabilistic reliability management
of energy storage systems in connected/islanding
microgrids with renewable energy", Electric Power
Systems Research, 2023. 214.

Li, Z., et. al., "A novel two-stage energy management of
hybrid AC/DC microgrid considering frequency security
constraints”, International Journal of Electrical Power &
Energy Systems, 2023. 146.

Chopra, C., et. al., "Power-flow-based energy management
of hierarchically controlled islanded AC microgrids”,
International Journal of Electrical Power & Energy
Systems, 2022. 141.

Dashtaki, A., et. al., "Optimal management algorithm of
microgrid connected to the distribution network
considering renewable energy system uncertainties”,
International Journal of Electrical Power & Energy
Systems, 2023. 145.

Saki, R., et. al., "Interactive Multi-level planning for
energy management in clustered microgrids considering
flexible demands", International Journal of Electrical
Power & Energy Systems, 2022. 138.

Chen, S. X., Gooi, H. B., and Wang, M. Q., "Sizing of
Energy Storage for Microgrids”, IEEE Transactions on
Smart grid, 2012. 3(1): 142-151.

Azami, R., Haghifam, M. R., and Aflaki, K., "Stochastic
Energy and Spinning Reserve Market with Considering
Smart Transmission Switching Action", IEEE Transactions
on Sustainable Energy, 2015. 6(2): 491 - 498.

Yang, P., and Nehorai, A., "Joint Optimization of Hybrid
Energy Storage and Generation Capacity With Renewable
Energy", IEEE Transactions on Smart Grid, , 2014. 5(4):
1566 - 1574.

[Conejo, AJ., Baringo Morales, L., Jalal, K., Siddiqui,
AS., "Investment in Electricity Generation and
Transmission: Decision Making under Uncertainty”,
Springer International Publishing, 2016.

Hawkes, A. D., and Leach, M. A., "Modelling high level
system design and unit commitment for a microgrid",
Applied Energy, 2009, 86 (7): 1253-1265.

Hajipour, E., Bozorg, M., and Fotuhi-Firuzabad, M.,
"Stochastic Capacity Expansion Planning of Remote
Microgrids With Wind Farms and Energy Storage", 2012
IEEE PES Innovative Smart Grid Technologies, 2012.

VN Gl -yl o)lod —passh Jlo G0 5o (g Slindad (caads - ole ale

S5 amus -F

S ae Slles gpyaby @lp war Jao S Alie ol o
b Ak cwl ool slpiiny (Sl Do a4 Alfus 4SS,
sb,5lnl 5 655 0 5 nl Sln 6 S el Pliul 5iledae 12
Slosaad (48l g0 ol Sl Jow (] )0 .09 o0 oolasw] e
Oleyed vy onl 0500 3929 (635 50 y5ilnl s (e slagilnl
Sl 9 So S slajls el aile oSty ) S5 S slaacacs

RS G 3l 0sde 00y5ln 5ylosm 09,8 Sl imes
mGlasl 5l golpiiny Jae jo 0l wales pal 3 5.5 GBSl IS Glaal
"o (e 9 955l (slo sl jga il ealatnl b piiacs (5 3
lg aS MOGA L)L“') CUL».’ R 09'“”(5" oolazw! Q.S))"‘ a;,.">$ LSLD
Sipl Jols sl cenlivn puenas (g5 o0 (g0lpiiin Jow 3l ool
S 5L GLS3L ples Slaal (285 a5 o L) e aSln ) o

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

2,5 JLis |y sl Blawl cus 5wl 4 g 28,5 Loy o

&=l
Karthik, N., et al., "A review of optimal operation of
microgrids”, International Journal of Electrical and

computer engineering, 2019. 14(1): 1-8.

Haddadian, H. and Noroozian, R., "Multi-microgrids
approach for design and operation of future distribution
networks based on novel technical indices”, Applied
Energy, 2017. 185: 650-663.

Du, Y., et al, "A cooperative game approach for
coordinating  multi-microgrid ~ operation  within
distribution systems", Applied Energy, 2018. 222: 383-
395.

Arefifar, S. A., Ordonez, M., and Abdel-Rady I.
Mohamed, Y., "Energy Management in Multi-Microgrid
Systems-Development and Assessment”, IEEE
Transactions on Power Systems, 2017. 32 (2): 910-922.
Karimi, H., and Jadid, S., "Optimal energy management
for multi-microgrid considering demand response
programs": A stochastic multi-objective framework,
Energy, 2020.

Hasankhani, A., and Hakimi, S. M., "Stochastic energy
management of smart microgrid® with intermittent
renewable energy resources in electricity market, Energy,
2021. 219.

Leeuwen, G., et. al., "An integrated blockchain-based
energy management platform™ with bilateral trading for
microgrid communities, Applied Energy, 2020. 263.
Kermani, M., et. al., "Intelligent energy management
based on SCADA system in a real Microgrid for smart
building applications”, Renewable Energy, 2021. 171.
1115-1127.

Kumar, P. S., et. al., "Energy Management System for
Small Scale Hybrid Wind Solar Battery Based Microgrid",
IEEE Access, 2020. 8. 8336-8345.

Ferahtia, S., et. al., "Optimal control and implementation
of energy management strategy for a DC microgrid",
Energy, 2022. 238.

Dong, Y., et. al., "Multi-objective economic environmental
energy management microgrid using hybrid energy
storage implementing and developed Manta Ray Foraging
Optimization  Algorithm"”, Electric Power System
Research, 2022. 211.


https://dor.isc.ac/dor/20.1001.1.23222468.1401.11.4.7.5
https://jeps.dezful.iau.ir/article-1-448-en.html

[ Downloaded from jeps.dezful.iau.ir on 2025-04-12 ]

Journal of Novel Researches on Electrical Power - Vol. 11 -No. 4- Winter 2023

[ DOR: 20.1001.1.23222468.1401.11.4.7.5 ]

VN gl -yl o)lod —passh Jlo =G 5o (g Slindad (caads - ole ale

Presenting a comprehensive management plan for the
operation of a multiple microgrid based on economic and
environmental considerations with a game theory approach

Mahdi Abolhassan beygi!, Soodabeh Soleymani?*, Seyed Babak Mozafari®, Reza Sharifi*

1-Department of Electrical Engineering, Qeshm Branch, Islamic Azad University, Qeshm, Iran
2-Department of Electrical Engineering, Science and Research Branch, Islamic Azad University,
Tehran, Iran
3-Department of Electrical Engineering, Science and Research Branch, Islamic Azad University,
Tehran, Iran
4-Department of Electrical Engineering, West Tehran Branch, Islamic Azad University, Tehran,
Iran

Abstract: In this article, a comprehensive management plan for the operation of a multiple microgrid will
be presented based on economic and environmental considerations with the formation of a coalition between
microgrids with the aim of increasing the profit of microgrid operation. The proposed model is formulated as
a multilevel optimization problem with a game theory approach. At the local level, the environmental and
economic dual-objective optimization problem is presented for each microgrid based on distributed production
and renewable energy resources. Since the problem of planning for electrical and thermal loads is applied,
therefore, energy carriers such as electrical energy and fuel required by power plants are included in the
optimization plan, and due to the penetration of scattered productions based on renewable energies, there is
uncertainty in power. output in the microgrid, in the proposed structure, two practical tools are proposed for
the optimal use of this equipment and increasing the profit of the microgrid operator, the first tool is the
optimal use of energy storage resources and the second tool is responsive loads and the management plan of
these loads in order to achieve The objectives of the microgrid operator will be. In this research, particle
consensus algorithm as well as game theory-based modeling are used for optimization, simulation is done
using Games software, and its results are implemented by implementing a collaboration space and forming a
coalition between microgrids and distribution network. It has significantly reduced the final costs of the
collection.

Keywords: response Multiple microgrids, distributed generation sources, game theory, renewable
energies, multilevel optimization
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