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Overcoming the problem of transmission lines or a region of the power system congestion
is one of the important issues facing the operators. In the meantime, in addition to choosing
the appropriate method to relief transmission line congestion, the process should be
implemented with the aim of minimizing the imposed costs. In this article, in order to optimally
control the transmission lines congestion, an integrated method including management of the
production and demand side of the systems along with the use of the flexibility of multi-carrier
energy systems (electricity, gas and heat) is presented. The congestion alleviation technique is
analyzed in the two modes of independent operation of the power system and integrated
operation of multi-carrier systems, and their results have been compared. Also, taking into
consideration the scenario of transmission line congestion with the simultaneous outage of a
power generation unit, the effect of energy storage in solving this problem has also been
studied. The simulation of scenarios and the evaluation of the effectiveness of the proposed
method have been implemented in a multi-carrier energy system including the IEEE 39 bus
power system in combination with the Belgian 20-node gas network and several energy hubs.
The evaluation of the obtained results shows a significant reduction in the congestion
management costs in the mode of integrated operation with the rescheduling of generation and
consumption compared to the independent operation of the power system. In addition, it was
proved that the properly storage and discharge of all types of energy can be successful in order

to optimize (at least 10%) the imposed costs.
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! Flexible AC transmission systems (FACTS)
2 Thyristor-controlled series-compensated (TCSC)
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! Unified power flow controller (UPFC)
2 Interline power flow controller (IPFC)
3 Electric vehicles (EVSs)

4 Locational marginal pricing (LMP)

5 Demand side management (DSM)
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! Combined heat and power (CHP)
2 Unit commitment

Journal of Nonlinear Systems in Elect. Eng. Vol.10, No.2 Autumn and Winter 2023 VPoY Ol 5 5l oY oladi s 09308 owdige )5 b 8 sbaalale 4,0


http://journals.sut.ac.ir/jnsee/article-1-461-en.html

[ Downloaded from journals.sut.ac.ir on 2025-07-31 ]

LolB Caas Sy ke ol i (6551 (S pomn (Sl Sl 3 5 g 53 JUESH Lo shast 05715 2 ke w58 5500

\O¥ 0313 (B sy 5 5 5d 7 o 0

pde Olej a8y badl ) Jols o 0,3 56,30 SOl s 4 Sl ok 5l 5 dbos d LSS e Sl s
AL o Ut 5L 73l Zol 5 Sl 2alS s el 255wl 56 oman 5 58 i L el

S ooty SN ) 4y Ut b ghast oS5 Sy ke 1 36 e (a3 (g 5leaeST ) shate 4 lie )

el o atls y LOE S Sy ke (S 9 AT Sl e) 5 S bl ooles LU A e sl )

< o e T . o . - s T - - o oa
I3 o Gk S ST U RS S o e Sl s e 33T w3 (RIBIOIS o b s 0l 05T 5 0 o s

)Q};.bljiéﬂf)lﬁ.‘\fm:@ow dlas ol 55 by sluand @U.MBVAA{J@;JALgLA&&J{L&ﬁjq)@
JZAK«:N&B @L‘) a)Légij.:Lf_)f‘y D B (@:.19)@&;,;)&;,;) Wﬂ)&)bwt L;U‘,J
.;ﬁ@duﬁ\b‘,hs-rﬂjcﬁiﬁmﬂgﬂwgu@p);@)b&ﬁ
o > STob matdlao -Y
babs i1 (Grge O19 Cawlu Lol o -V -T

b glas 516K 51 6550 015 595 2 (BT L (Gl 31 ST alall ()l &S5 53 wbp s 5 015 Olpee i
Ul b shast TT oo oliol A8 J gl ol s T gl ol b (s 1 (6 o0 aliben 015 Sy 355 (5 3 ST il o

by -
Sii =V [(Vi = V)] —i( U/Z)Viz (1)

sl 35 Vij = Gij FJDij 5 b 65l se el s Bij sl 16K a3y olsp Vi j G b dal s
sl s 5o 03,8 o Sae 31 b 51 K (Zpyys) mildeel s le 0355T oy b il o ] 5T ol 53 o (5

N N
(Z Zie Iy — Z Zjk Tk)
=1 i

=1

*

Vij — ]'(Bij/z)viz (¥)

Sij Vi "

7 Ol T 35 daly 53 bl gr St uilitial o jle o1 ] Dt s ol o 5o Zyj = Ry + Xy o8
_ (Pt Qr
o= () ")
Vi
4 Jsl Lot 51 (650 551 015 oy 4 cdalis Ol 5 i b 5lalr 5 (1) sl 5 (F) ey (6,10 L

525 ot o 2530

i {vi*(zik ~ Zjy) (ka;ka)}yu] (£)
k=1

Pij = Re

Journal of Nonlinear Systems in Elect. Eng. Vol.10, No.2 Autumn and Winter 2023 VPoY Ol 5 5l oY oladi s 09308 owdige )5 b 8 sbaalale 4,0


http://journals.sut.ac.ir/jnsee/article-1-461-en.html

[ Downloaded from journals.sut.ac.ir on 2025-07-31 ]

LolB Caas Sy ke ol i (6551 (S pomn (Sl Sl 3 5 g 53 JUESH Lo shast 05715 2 ke w58 5500

VOV 0313 (B Jgy 5 S st o5 0

ke ol 51 (B e L Ol or b 51 (558 581015 Ol 53 s ol oy 5 53815 018 5 b 5b a5
N .
P = z (Vi) [gij{(Rik — Rji) cos(8; — 8,) + (Xue — Xjie) sin(8; — 6)} + 0)
— — . g
Y P} Vie/ | by {((Rixe — Rjx) sin(8; — 6x) — (Xix — Xjie) cos(8; — 8x))}
AW K b )5 0l 4 Lij L= 5 sy50 05 Gl s b Ol o) 4 G abasly (655 )
135 alos p5adaly o b ) (el ple (a5 015 0oy Law
pl.j) _ (Vi> gij{(Rik — Rji) cos(8; — 8;) + (Xy — Xj3.) sin(8; — 8;)} +

SFf = ( —
Py bii{((Ri — Rjx.) sin(8; — 8,) — (Xu — Xji.) cos(8; — &)}

Vi
S ol gy e 5 b 55 0T e palie plo goa gy p jiws 53 G5 dlaly Col polia Ol gie o b st iliasl eS|
'L".'.TJ';)JbU‘”L'JAJJWQ‘ﬂO‘j@““:’.\f’gﬁ.‘&f@ML@“"MJ’GﬂKg}“l’)uﬁ°)‘4"ﬂ:u‘3f‘:‘“ﬁ""
DS e ¢S5 A Sy e
Sl Sl pogao —Y-Y
Sosb a5 8 o 5 el iz a5 LS (6551 Slaptnm 3 S o Sl 5 Sl Ol e 4 55 ol
JUsl 5 & Jols Ll g o S A o Jos (65,51 OB WS O eme 5 GBS W g5 o Lol 0 ile 4 L azes )
ol 05,8 g Oods (5550 ols S Bl 03 [Y0] dal gl Calitnn Hpo (il 03 L5 bl (it
.AS@JL:.;J‘)LA&)}J}&‘)T&%&%}‘JP&M@}}
Ol (1) JSK 55 o7 ool b (6550 ol (o3l (65,31 4 )LSS sla s )3 i) boshas oS5 o) 52
G Jul oolim Jals (6551 Ol ol .l 0 03 5 SIS0 a5 o b5, 4 Y &S5 Ol s 4 (Sl 0l 030>
oz Sl (s Slgas 5 (Sl 5 G g5 5D O (s Olsie 4 b @l (G s 58 el 5l sagys
Aibgr 58 5 Sl b s s CHP ey pist 5

4 )
K S a8l )4 > S 4L
3~

L9

b U S s

Y

A 4

\ 4

é

—“

\_ G. Boiler Y
Solgly 85O Hlslw - IS

Journal of Nonlinear Systems in Elect. Eng. Vol.10, No.2 Autumn and Winter 2023 VPoY Ol 5 5l oY oladi s 09308 owdige )5 b 8 sbaalale 4,0


http://journals.sut.ac.ir/jnsee/article-1-461-en.html

[ Downloaded from journals.sut.ac.ir on 2025-07-31 ]

LolB Caas Sy ke ol i (6551 (S pomn (Sl Sl 3 5 g 53 JUESH Lo shast 05715 2 ke w58 5500

\OA 0313 (B Jgy 5 S st o5 0

Sy kish 8 s b S8 St 61, By (SKSI S l Rss o b s2s)s sl S

dls v.:ﬁa\‘?- &5 gbsjvfb- Ly,

. [ Y
POt = (a - nT)P,iZ,()f) + (B TISHP)PriZl(f) "
PR = (1= @) Mew) gy + (B nup + (1= B) " ngp) Py’ “

) \é e & .. g

?23b 5 S5 658 Gk g oyl g 03l Sl o5 & Nepp s Newps Neb s Ngb » N1 &S

Al 2 CHP U1y S Sy 5l >~

o 15 S e G J909 9 (Slw dug e & & T

E 3030 (333 20y Do) o o pB s ol oty B85 b IS G b 5l e QUi b shast (ST 5 s o
Lsks o515 IS T8 (b 5o (b B Cead & ulg 50 5 ot U135 00 4 (han Sladiy 3 Ol pe (Lo
;\jm&y‘quﬂdL&a\)Jw}?kﬁ‘b:ﬂ@Q’M\;BJj)J;%uB{MJJJMb@
0515 03k ) 53 )l VF Gl 03 65 53 (W)t 31 5313 5 0 Slat 32 &S mo (3L JSlom (Uil o last
dj:uL:S}fL;LA@‘JAJALZ:LAA.{,Ad‘aML@oMU«AJ:B(Q)@b)>4§)}J@wQm‘aMuf_ﬁ(MJL;acjb)b}

als Al LOLE Coas Sy ke (glatals y Jlesl (sloay 3o 5 (aol Juo) ol wbio 5156 G55 L

T
OF : Min Z (z F(P;,) + Z Pr, - APPR)Y + (Z U(Suj) + Z Pry - APDR) )
t=1 i le j lg ( )
Vl]t 5 Vie € Be(dr) 5 Vlg S Bg(dr)
; Vi€ (Ng—Ngp)F(Piy) = a;Py + biPiy + ¢ (V%)
i Vj € NgyU(Suje) = a;Suf, + BiSus, +v; (1)

e 4l Ll o 58 mhe 5 B 55 ladls s wls o 5w USUjp) F(Pie) G5 Bl o

APR s APRR (P1y « PTy e lods 8 8 5 ,5(Sujy 5 Piy) o A sl W5 Ol Sl pas a3 w5
45 gaes izt LOE Conr g ke (sls w0l 53 58 55 sla 408 Conite slasl i Olis 5 a5 &
Gy i HE s b By U5 okl (5 aSs 6 5 sladly ST Juls 5 @ 5 Ny s Ny o N sla
ik (Slaidu 4 oS5 ag Cu e 6l S pstbn sshie 4 & STk oS omen il S o5 b s
g 4 6 pb e glakia ST BIE 4 e 035 o e 358 s (3.8 553 b st 1§ den
sz e s Sosen U SF)SE 55, 6550 ple am ml5 bl s dlis Ous 6 )3 @it 22
Lis 4 LSS (65155 0,0 Sl 3 oS Sl 358 dor g5 LU oS AT Lol 0l 4 S L 3 (651 M Ol e
Ui 25 31 S5 o )3 dlins o 487 (6355 5 (ol Ll 3 95 0 5 shn F &b S8 b sl 5155 DIl 5 a5

ML r S a4l sb 4 pd el a5 0T L

Journal of Nonlinear Systems in Elect. Eng. Vol.10, No.2 Autumn and Winter 2023 VPoY Ol 5 5l oY oladi s 09308 owdige )5 b 8 sbaalale 4,0


http://journals.sut.ac.ir/jnsee/article-1-461-en.html

[ Downloaded from journals.sut.ac.ir on 2025-07-31 ]

LolB Caas Sy ke ol i (6551 (S pomn (Sl Sl 3 5 g 53 JUESH Lo shast 05715 2 ke w58 5500

V04 0313 (B sy 5 5 5d 7 o 0

B (s 35 —1 -V
o (512 45T A8 gp s S0 8 8 55 5 e 5 A5 sl (5550 5 KB A o S ol 5
4 (5575 5 551 S0l g) a2 53§55 G255 g seame daly ool Gk ol 03 0L (VW5 VY) a5 2058
jk.b Q‘MJW@))M@}WM&L‘SA Lij\ .19‘5.1::- Lgl.hgf-jfj@wdu)bc}aanbj‘j ((\—l) va
ok Oly Ll aalal 53 553 plu 5 (V7 5 V0) mlis (sl 57 LI 5 Ol e aidiy 5 4S5 (VF) daly 5o S gl b

K|

by
P + PIt = P+ P;:_’z(e) + PS& + APRR + Z Vie Vi |Yij| cos(8ie — 6j.¢ — 6)) (")
Jj

bn
2= Qb+ Q;l:_lt(e) + Z Vie Vi |Yij] sin(8;e — 6j.¢ — 6;)
Jj

(%)

Vi.j.t; Ves€B,; VhEB,; Vlee€BI
ymin <y, < ymex (1¢)
Pi‘.gten(min) < Piien < Piien(max) (\o)
ften(min) < then < then(max) (')

S sl sl Sos Sl w43 8 IS S g ba ) 5155 A 5 i a gote o as (613 2 00 )3

$lae gran 15 (0T sl Sl 515135 0138 Slgans 53 55 ) Gl 3l s ballast 5 it S 3T s )

o adlon ol 5535, g ol 3,05 0T s 2 P olaie U35 8 o Jlesl 5 iy o5 ks ol S5 somie 81
1l 0 a3 8 5 53 15308 o 5 S e s Sy sdome (ondls 4 Sl 4k (55Le S0 5 S

Pigen(mln) < Pigen < POZil_l

P9 € { Poz!,_, < P*" < Poz{, s k=1.2....29 (Y)

U gen gen(max)
izg S H =K

Poz
S 133 8 e e 0T (K5 b 5 ools gl B35 b cnlize &yt JUist b skt 51 (g5 Oy b b
.ug@du;;w}hs;uiiﬁ);a\};Ju;;\élﬁjt?udt@;»qujca,ﬁéuwjlwuﬁoﬂ,,_,u\;,:s;\
LS gp N s 13 0 0 JUiSl b slast (oS5 5 85 Jaul 5 53 il gn 03 3w ol Sily (VA) sl cad sl 50
N3 Slme o3 5umn 53 (DI i ST Gl DI oMo a4 (A3 OIS mer e il la R 53 (e Jlesl LU

I@‘a&ﬁb\(\ﬂ)«bb‘)swa‘f.\‘fﬁ

(Po)? + (Que)? < (S[M)? (1A)

Journal of Nonlinear Systems in Elect. Eng. Vol.10, No.2 Autumn and Winter 2023 VPoY Ol 5 5l oY oladi s 09308 owdige )5 b 8 sbaalale 4,0


http://journals.sut.ac.ir/jnsee/article-1-461-en.html

[ Downloaded from journals.sut.ac.ir on 2025-07-31 ]

LolB Caas Sy ke ol i (6551 (S pomn (Sl Sl 3 5 g 53 JUESH Lo shast 05715 2 ke w58 5500

\oo 0313 (B Jgy 5 S st o5 0

2

Puoa+ ) [ARye|-SFS = > |APES|-SFS | +(Quo)? < (572
g )

(14)
VL.t ; Vg€Ny ; VleeBJ

St st ela 53 last a5l 658 5T 5 5551015 KW APy ¢ 5 Qe Prp sla,ae 08) 5 OA) dal 5 5

mo,d L ladle 53 il o s a3l s BB Al 01y Sles ST ldie ST 5 bausls 5 Ol

53 L 428 s (655 (Sl iy S pke (612 63,0 5 pr Sloes 551 (S w0 (5551 e s sla Sl

il o S o 53 4y D58 e S L bz YU 3 B L S SO (e 3 b s L o o)

A3 4 ) il gla e 53 (SO S Sl 3 iz cboshas (515 0 g0 g J ST 1 5 e 0l 5o

I.J}».ZL;«C)L:g‘,i‘jQ)}&Q\AQTSJU:JJSJUJW)J{;BQYJM6@‘5.&54@;

n n PdCh \
S0Cest = S0Ces t—1 + (Pecs.t '7755) - ( es't/ndch) ()
es
Soc™" < Soc,., < Socmex Y
es.t es.t es.t >’ Vt veS e ( ‘)
h
0< P, < pohman) (YY)
dch J
0< P < pacHme (YY)
Bes

ol g hab ok dslie (SLa0I g pll s 47 Bl oo o) 2 3 0o 05 (6551 Cmdy KL @152 50C e
Aol BB b0l 5 luie avi ogDhe 4 55La5 5 5ol 033b Gluo 53 8 (6l B8 daalg; 53 mmmen T o oy 3

cl ok 4 & L s S de Il g s

3 b 3948 V-V
il o el n (535 (SLles 355 b gt e L5len 35 st ol S 4 S s (513 0 2 ) shate ¢
L e a b3 sl el 0 0L (YF) daly L S 58 S bl aan 55 25 5 5 83508 6550 Jals oo
ol 58 a5 M) 0 8 1y Sy gl 53 (s DL fij o sy 1] ) o 51 (65500 58 (488 15l e
S+ ARDR = flem g RO L N f Wt wig € BYT (1)
i€Bg

Ll 55 o0 4 sl o 558 Kt 535k ke (slaael s 3 ok 0313 S5l gl 556 Ol SLASPR Le

AT .. @) ra X e s g . .
Sl plie U5 58 s Ol s w Sy s St St osmen 5 plb (AIBIL alS S se 4

4.34?}3b.Q)JéWﬂMk@a‘ij\f&)jcb.xS@uwabmafqd@dugh)‘}“

:xﬁ¢af,wjgﬂ;¢§o,,.ﬂ,.s.u,m@tf&;;gwt);&uq;,w@@f@uq,z

! Electrical storage

Journal of Nonlinear Systems in Elect. Eng. Vol.10, No.2 Autumn and Winter 2023 VPoY Ol 5 5l oY oladi s 09308 owdige )5 b 8 sbaalale 4,0


http://journals.sut.ac.ir/jnsee/article-1-461-en.html

[ Downloaded from journals.sut.ac.ir on 2025-07-31 ]

LolB Caas Sy ke ol i (6551 (S pomn (Sl Sl 3 5 g 53 JUESH Lo shast 05715 2 ke w58 5500

\ld 0313 (B Jgy 5 S st o5 0

Sul" < Su; < Sul'™* i € Ng, (Yo)
il (1) by Gollas clame slos L1350 sl S35 2 050 58 Uil s oS5 5l (55 S8 (556 0o
Y IVl o Jas (gleml 5zl 53 (0) 58 5L pdaes &
2 . 2
bglos lad J o8 ol 55 or 5l LBl o Jammn 5 5 il (la el 4 sl s S Oy s 5
il oo S8 L Ol (6l (6,8 e 5 Bl o s gutome glyls 55 (36 S Sl jga Lo 5 Jis!
pmin < pm < pmax (YY)

o 45 51 3 55 e o § 50 93 S 5 G b s 4 LS Dy e s Sl el 5 S5 ) slate

uu@ﬂr@p“m.@uuog@4,\3Q,y4{u@6uﬂg,uﬂbg@§4u‘&lﬁ&iw}l.@\
S8 Ol acb S8 (GHV) ¥ 1 palls 2551 8.8 Jai s Lg bl 5 Lok o (6550 OYals aslie (5L
TPV s 0 Ol (S5 A5 L) (15 Sy g a0 (YA) ey G b 515K oSt Sl (5 500 (sl
Pnn = GHV * finn (YA)
S L3l a3 ol 5 GBS s (63555 connb B 4K 5 S8 gt o Bli,1 ool bl I (S
o 4 0T 63,51 033k b ol o8 5 15 58 (3 e S8 D58 Ol L 0 0 pmmn 4Kl (sl BT

2 ss Ol Ll 5 o (Y4) daly 5 b 5 ool
g Oy Ll g o ) &

gen
GfPP P;
PC({ns(i) = <77 (lifPP) (VQ)

Lolgs 5035 S8 s 55 (SC S (gl e 5 ol Ul S St 55 656 ooyt ol 28

g 4N 5 Doy g 4 55 oS

dch
S0Cys = SoC + (Pet, ety — (ot w (+)
o gs.t — o gs. t—1 ( gs.t ngs dch
Ngs
Socg;i? < Socgsy < Socget” L vt . Vgse (*1)
h
0< Pl < P (rv)
dch J
0< Pt < P B (r)

gs
Calises Slelo 53 jlue o3 (4) 3 6o 58 sl Sly dolee B33 Lalsy 3 P51 shte cds oylal &7 shilen

Aol o

! per unite (P.U)
2 Gross heating value

Journal of Nonlinear Systems in Elect. Eng. Vol.10, No.2 Autumn and Winter 2023 VPoY Ol 5 5l oY oladi s 09308 owdige )5 b 8 sbaalale 4,0


http://journals.sut.ac.ir/jnsee/article-1-461-en.html

[ Downloaded from journals.sut.ac.ir on 2025-07-31 ]

LolB Caas Sy ke ol i (6551 (S pomn (Sl Sl 3 5 g 53 JUESH Lo shast 05715 2 ke w58 5500

\#Y 0313 (B Jgy 5 S st o5 0

Lol Cwow 0gud -1V

Sl 538 (B e 51 (5551 oS 15l bS5 oS 5 Glaas sazme o Sislal Ol 4 5551 slacols
Lo syl &:A‘Up S slaols Calises Ol g 5 Shae il ¢l LSl th.a Lole ales u:.ali sy

25 Cse by Lol Glols Caw 5 (935,55 SYslee dius Jo 53 b ol (caaSls L 0T byl o5 5 b 5s

YAl 513 b e
P = Pi o+ Pil: \ (*¢)
i C b
P;zrzlz(li.)t = th.{tp + Pgi.t (*o)
ae * ; Vi€ Hub
e
Phubi.t = ntrPﬁZt + nngP;ff.{tP (1)
d(h b
Phu(bi).t < ngHPPi(f;IjtP + Tlebeff.’t + ngbphgl-,t / (VY)

6.7-})9-Q‘)I)JQ{J}.\Mdb‘)}aMﬁM@LQ}}&Q_&ﬂ?EéJQ‘dMﬁS\jM

s o SIEY BYA Lalgy b 655 slacls js 548 opl a7 sl s

CHP CHP
ie(}nin) = ie(CHP).t <P ie(}nax) (*A)
h_CHP h h_CHP
imin) = Piccap).e = Pitmax) (*4)
+ 5 VYie Hub
b b
Pniny < PP < Pitnax) (€+)
gb gb gb
Pi(min) S Pi.t = Pi(max) (i’\)

b Sl ols ol 0T Olojan 5 JolS ool 53 aSs Cussitons 5 bas ! sl gl Lol 053055, SaS L
51 oo ST 51 (613 2 0 5 T e Sl S5 o i 31 (S Ol a0yl smn oL o Sl (slaaels
Lol sl 2l L 3 el Jlasl L 55 dlie (a3 (s3lgin 0S5 S ke lamalie 1) 53 555 = e
bglas o515 8 (slads ja S e RIS e il il 1 L g Sl ot 3 ) g oMol ST e
(PF) &S )l eyt (58 Jai 53 L3y 5 58 s slajl sl 4l cal sl 2 oS ol ool ok Ui
B g )l B o S5 a L nlize
PREpe = (L £ PFyegye) Plogy: (£Y)

. . ; Vlee Bd". Vig € BJ"
APiegyt = PFiegye * Piieg)e (£Y)

Y8t oks (23 /Y sl gl sl oS sl g i ST

' Demand response programs

Journal of Nonlinear Systems in Elect. Eng. Vol.10, No.2 Autumn and Winter 2023 VPoY Ol 5 5l oY oladi s 09308 owdige )5 b 8 sbaalale 4,0


http://journals.sut.ac.ir/jnsee/article-1-461-en.html

[ Downloaded from journals.sut.ac.ir on 2025-07-31 ]

LolB Caas Sy ke ol i (6551 (S pomn (Sl Sl 3 5 g 53 JUESH Lo shast 05715 2 ke w58 5500

\ Y 0313 (B Jgy 5 S st o5 0

R (w9 G aus ¢

S JSze Jalo iz (655 s &S5 Jliml b sk (ST 5y pte 65ael @0lgiin Bas (L0 ske 4
odd b 8 5 55 (V) JS Gollaa [Y9] &S5 3k 58 4Kt 5l o olil (658 oSt of o o 'IEEE 4l ¥4 2,8 s

(s S 515 510 & Sheane 4y cbshast (S5 Ly pde 655 50 3 el (Slapten CB g S !
78 Sl i s ) o ol ol dlie o L g (S5l ol i (s 5 1 (SO ST A Sl 53 5o

I¥e Jot a5 dy o5 50 CONOPT 551 5" GAMS il 5 oSS 4 st

i . Non Gas-fired power Plant "

| | v

- @ Gas Network Node .

Vs [ 7 N19 3 ——
| > Gas Supplier | 20

| ' Gas Compressor | I 3:
| = i 34 33

=l : G7
! ‘E_ Energy Hub | v

o= i|o N20 v

I o

axdllae 090 (D)l o 9 36763 ) ol 4 U (65 I b - O
Jlasl bl o 5 ol Ol 5o 4 GE ot g b sl 5135 3 e 5 bl o otaline b6 (V) JSC 51687 shailos
33,8 o+ b N6 513 ,N10,N18, N15 bk 5, b 5 55 4 GI 5 GB ,G6,G3, GL ol (.63 1 gt 25 32
Gt S o 25 DDl 3 a2l alS .l 0 43 S 5 53 o5 K clin Ol e 4y S I A il s 56 L
5 S o3 i 0T oMo Sl 0l 1 [V ] o 53 (5551 Glacols (B Slasiie ol jan « 5€

NG PRV ou\ilqdf andllas S0 L;L&Wﬂj 35 (VDJ s Cfl @ szlf

! New england power system
2 General algebraic modeling system

Journal of Nonlinear Systems in Elect. Eng. Vol.10, No.2 Autumn and Winter 2023 VPoY Ol 5 5l oY oladi s 09308 owdige )5 b 8 sbaalale 4,0


http://journals.sut.ac.ir/jnsee/article-1-461-en.html

[ Downloaded from journals.sut.ac.ir on 2025-07-31 ]

LolB Caas Sy ke ol i (6551 (S pomn (Sl Sl 3 5 g 53 JUESH Lo shast 05715 2 ke w58 5500

V¥

0313 (B sy 5 5 5d 7 o 0

%A 9 (S (3l 5 (Sl gralsly 1 S

SOCmin So(Cmax thax Pgé%x Nen Ndach

mMw) | Mw) mwy | mwy | ) | OO

ES: 6.5 65 9.75 9.75 0.95 0.9

] ' - ES, 8 80 12 12 0.95 0.9
Sl sbilee 2o ES; 3 30 45 45 0.95 0.9
ES, 5 50 75 75 0.95 0.9

T ! 48 48 7.2 1.2 095 | 09
S35 bl GS. 3.3 33 4.95 4.95 0.95 igte

el s (Sl ol amele Y (gla)l coie 55 (6550 Glaols 51 &K 6l e Sl ol 0305 toles

[YA] Sl ok 51,1 () 5 (F)

1.1~
—#—E Load
1 =% Load
0.9 -
2 081
[
\;.i 0.6
=y
=
& 0.5+
0.4 -
0.3
0.2 1 1 1 1 | 1 1 1 1 | | 1 1 1 1 | 1 1 1 1 | | 1 1
1 2 3 4 5 6 7 & 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
(e=l) oo
R a & * &
s Sy St Glﬁ)hw—rdiu
L1 IR
Hubs 1&3 Hubs 1&3
1 i Hubs 2&4&S 1 =i Hubs 2&4&5
0.9 0.9
B - 0.8
ﬁ, o7k _1 T
=
4 5
—_ O — O
= os ~ os
o4 o4
o3 0.3
0.z P S O S S O S O S S Y Y S S M
1 2 3 45 6 7 8 910111213 14151617 1819 2021 22 235 24 1 2 3 4 5 6 7 8 9 101112131415 16 17 18 19 20 21 22 235 24
(Sicbur) Glas (Suchar) Glad

S SLOL ST p il 9 (S AT Sl (Joue —f KO
5 Jasl bles oS5y e T s ez Gl GG 5 (oolgiiy oy DS Wulg s

:;;f@wwﬂmuﬁﬁvzw\esaﬁ)tg&g;)tUfuwwuﬂwqxsuduaujuﬁ,u

Journal of Nonlinear Systems in Elect. Eng. Vol.10, No.2 Autumn and Winter 2023

VEoY Olna g 5ml oY o )ledV v 0,93 (3 (owitiga 53 o b ladlelu 4 a5


http://journals.sut.ac.ir/jnsee/article-1-461-en.html

[ Downloaded from journals.sut.ac.ir on 2025-07-31 ]

LolB Caas Sy ke ol i (6551 (S pomn (Sl Sl 3 5 g 53 JUESH Lo shast 05715 2 ke w58 5500

V20 0313 (B Jgy 5 S st o5 0

O3S il (510 90 3@ E1931 38 bglas o515 Co poho dwslio 1 Jol Sl -1 -£
Wﬁ.\;}:49};“@1);,Lg;,'\L;ujuo,:;s‘;;;,?,wﬁo,.\f‘uw,gdzsw,iwﬁC,g,;
Lo Lol ol 53l e 358 o b sl 3590 O i 1l 53 5,8 o 513 o2 3590 (60 5155 Sladls (sl 5
Slowe dom Olae SOF 5 F (Gl ul o Lot) 4 o)led JUisl Lo 51 65 Ol atelon YF 5L i 53 oK el se sl
93 53 b 3l g)pe Oy goeie JSE opl 53 oSl ol onls islas (O)Jﬁi@k}): g5ose o) AS s 3

Wl s )| ol iz ag LSS e (50152 00 9 (AT Jis i (5015 2 0 0 I

Only E
MCES

3
9
ﬁ‘
i .
-
o z5fF
T e e 1 ey Py oyl N [y ey S = =
o -’\ ,/_/\/\ f

5 ‘_/\ /\/ \/

1 "

0.5

o I ! I I I ! ! I ! I ! ! I ! I ! ! I I I ! I |

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

()
(Cebu) olay

1 Csuin b il Gage Ol (gomw -0 IS

J:-)\.Liajls\g?&)\.u;QLGL»G:'-J{):SM:g;QLﬁVfl;Qﬁmj\y\)d)ﬁLgLAQ\:J(Jl—O)J.(.‘L

o S 53 53 0S5 S pite T B lasl b b sl ol 165508 Ol 55 Ol ol iy 513 (o3 Ja) OT Sl
015 0 0 Sl o (= 0) JSK8) Wil ok J 2873 35 Slawe o 53 ol i a5 LSS Sl 5 (SG 801 s (6505
,Msﬁz@wa%;Jujlbuw)tfws‘L#;\jmﬁdtéuguwétﬁ\:wﬁfu&;ﬂ
Lgua;{}aél,)sjamgu|Q}anﬁmMgawquﬁg—)d@jwﬁ?a\mﬁOi\
Oy Sl 53 (610 B Jis s S1 2lr (5015 0 10 42 8 O e c(Q) sl ol o has oo 215311 (503 5 0,40
a.u,r,ﬂjs(9)J§\;)\>,‘4)3,w\»;ﬁgﬁmdw\,«Uuﬁ,sdwﬁv;;b{,:\;;m)p,vs\;
Slaa a5l 4 e (e V0 el 3o 3l a5 S e bt s 1S5y ke (slaabn (5,55 £ 5
dogr Ooa b (615 0, 0Ly JS sk 53 & Con (605 Tol 4 p3Y el 03 S Slebe UL s (6513 0 0 (ol
507 (R 25 93 2 03 LS T o e sl (IS A 53 0 Syl Ll gy Ll 5 by i 2l 4 x5S
ol Je 51 dil ga i ods ale (6015 0 0 JS ladisja U3 53 55 sl ol 4t 5a Sl o Jlasl 5 56
Sty (Fp Mg sl ol 4 015 o 0S5 Sy pde sl 5o Slela (S 0 sole Glaayjp falS

5,5 o Ll as Loyl aig S pte b 58 Lot 3l (658 Oy el Coew s 5OIS

Journal of Nonlinear Systems in Elect. Eng. Vol.10, No.2 Autumn and Winter 2023 VPoY Ol 5 5l oY oladi s 09308 owdige )5 b 8 sbaalale 4,0


http://journals.sut.ac.ir/jnsee/article-1-461-en.html

[ Downloaded from journals.sut.ac.ir on 2025-07-31 ]

LolB Caas Sy ke ol i (6551 (S pomn (Sl Sl 3 5 g 53 JUESH Lo shast 05715 2 ke w58 5500

Y44 0313 (B sy 5 5 5d 7 o 0

tn

W1 o g dojt
&
o

1 2 3 4 5 6 7 8 9 1w 11 1z 13 14 15 16 17 18 19 Z0 21 22 23 24

(Celw) oled
O A8 ke 31 (610 90 5@ (Solw 49 38 51005 1 I
ok o 35 58 5 3 s 4 LSS (615 0 Sl 3 s 3lond cal el (oS5 Ll 555 5 o e 4
a5 bl okl 4o (Y) Jgd 5o Sl 95 p el YF LSLM%}“(C}*’.'-‘)Jf @Lgs@u‘,:ewu”}z;w,
e i Sl pd a4 S i 55 oal S8 5 B Slapien 5 132 0 Slaal 3 £ geme 4 LSS Sl 3 Sl 4
3 U hams glaan sa s sdalin LB Jgda ol 55 a5 Hakilen 5yl (B faes Sl 4 S (6 2t Hlude
s St e el iy 4 )L o (551351 02 I 53 CAVYS/E $) 7YY 5500 55 0515 2 ke e

el 4Bl zals” S S

MY Copte A 9 Gy e 5 Shasp Y Jou

&) J5" wsm
St dlelogt @S5 e dlesll (ST5Cy pde
Sl p o f
A Jits YEOYSY- /5 YEAF-FE)) FIFYY/O
56, eSS Y- O¥D- /Y AYYA- FVIY YYSav/y

D e 53 ) 5135) G5 i SIS p s A ol Y Dk Ol g sdsn S s )

S8 5 Gn b ol o (B8 5ok 4 b (S5 2y e Sl (sl (ks S 4S8 3 56 b e
Jsb 53 18 dast 015 ol S b i g Sl a5 b ol ok a3l i (A) 5 (V) JISCEH (gl s 5o 3
SN Slela) Lt (S5 5l el 53 4 5USG (601352 0 s ecins o DL F 41 0l b 5L el YF
Ly S ) S S ot (5Ll (G853 GL Mee) F by Conw (58 (sl g Sl 5 21531 L (YY JIYe 5 Y

Colo 3 38 S i b jag 6,8 K 5 odi 5 S e b 51 JEs1 05 45U 2als el al opl S e el

Journal of Nonlinear Systems in Elect. Eng. Vol.10, No.2 Autumn and Winter 2023 VPoY Ol 5 5l oY oladi s 09308 owdige )5 b 8 sbaalale 4,0


http://journals.sut.ac.ir/jnsee/article-1-461-en.html

[ Downloaded from journals.sut.ac.ir on 2025-07-31 ]

LolB Caas Sy ke ol i (6551 (S pomn (Sl Sl 3 5 g 53 JUESH Lo shast 05715 2 ke w58 5500

V2V 0313 (B Jgy 5 S st o5 0

cm&)}s“t‘““‘)wJ"M’@&wC}*‘lj4{“:”)"@(’-:“‘:-‘“g‘;@.ﬁ*éu@‘}“ﬂl{)‘}k‘%‘)ﬂféﬂfvf

s e Ol Ll 58 les Sl 51 6,8 sl 5 (658 4K L Ol e st 4 55 SU4 5 SULSU3 (58

(Pou)sSe Sl slaazlg ols ol

6 I- |

. . _.

L14 1 | 1 1 | 1 1 | 1 1 1 1 1 | 1 1 | 1 1 1 1 | 1 1
1 2z 3 4 5 6 7 8 9 o 11 12 13 14 15 16 17 18 19 20 21 22 23 24

(esk) Glo)

D98 s S 951 553 S gF Ol g5 Dl s10 909 Y LS

I ASul

(P.u) 636 e o9 5 ol el

1 ¥4 3 4 5 6 7 8 9 10 11 1z 13 14 15 16 17 18 19 20 21 22 23 24

(eele) Gloy

(b S 40 S5 @lio Dl g slge5 A S

B 3loo 3 ygua b O H08 i JESI bglas o515 Sy g0 ipgd Sl -T-£
AU bl S5 e IS s bt st LSS (6013 20 Ll dulie ad 3w pl 3
2okl S5 Slaste plulp s lite oy dd dal s (s p 55 56 5 G Sl gt 5 53 Sleo 55 5 5 5355
P@rbj@jmﬂss,;,o).\swjm,w D ¥ gl b 5 (S S Sl 3 oK Hlgz ¢ S s
on) o iasOlEs gl () e 3 sl b i sl bl ot w8 L s 38 s GV 5V glae S
j\‘g)xpo\jui)uw&wi&l{c‘\‘b}L;Lg;i\j\.L:{\w}zjm)zhjba_ﬁésom-l—)lm4;’45.,\..2\;.6,:&;:&\}
)s‘bjl»'rs\;gﬁﬁ.u);4?,\:_&L;)bf.e,e6\;:;_.1{\3;‘}»\5@\@)}2;;q\m.@tam)p&ﬁé\yﬁQT

Ay 7o bess S b 1 (5550 Oy Bl 4 e 5 lajlue ;3 35m s b oS (g inle 5 Jumome sl 3 io

Journal of Nonlinear Systems in Elect. Eng. Vol.10, No.2 Autumn and Winter 2023 VPoY Ol 5 5l oY oladi s 09308 owdige )5 b 8 sbaalale 4,0


http://journals.sut.ac.ir/jnsee/article-1-461-en.html

[ Downloaded from journals.sut.ac.ir on 2025-07-31 ]

LolB Caas Sy ke ol i (6551 (S pomn (Sl Sl 3 5 g 53 JUESH Lo shast 05715 2 ke w58 5500

\ZA 0313 (B Jgy 5 S st o5 0

,;«L};lwﬁoy‘wuww;ém}jtb\ja\@fu,z;p.;}:ﬂ@af,z;,; (G8) YV b s

AT o s (O) IS8 oy 0 41 435U 5 s (155 0, I 53

m—Only E
3 MCES

I
Y

(P0) 9 Jad 31 ypa 5l

1 2 3 4 5 [¢] 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 ZZ Z3 24
(Celw) Gle)

G8 95 PP LA &5 3 Goge Oy (oo -1 UKo

3145 5 Ol oF o) & Lot oLl Cean 53 GB 5 5 e 4 45T B r skalin BB - 555 4 () S S

SIS prte Sl Jlos b il 0s il s s (S Sl 4y o st e o 51 015 e el
03 Bt 15 Caline (gla i SO1 S Dok 5 (oo Slaay o (o pas 3 ol 000 5 U 5 Ao )3
3 S s (6515 0 g Sl 53 55 (Gl 5 Gladaly s S Sl i O s Il 3 .l ok 0305 s led al!
s Sle W)k 0l gite b3 o Sedas .l ol 03,5T (1) 5 (V) IS 3 o5 ¢ 36 5 6 p 42 LSS
ol 51 AL A Camte slask SRl Gl ot b cnline a8 ST )L EalS 4 015 s (el Sl 5 ialS
S35 bbb o 5B 5 B skl 53 bl (sladals o g oS5 Sy ke 31 (BU L b sLaBI L 5 LolE e
M&J‘Jﬁdﬁdb))&\jd}}bS}P@oMuﬁc(Lg)rf‘fﬁb}élﬁﬁ‘@wd@&b@‘ﬁ Oljue 53
@ 3n ool 5 Bjlee 53 09y Sl b gl 53 w03 a3, LSG Sl 1 2t Sl a0 Sl 5 ool Rl O
65;!é”j)u.up@ww(ﬁd,k@uﬁrﬁ;;ﬁﬁmg}fqﬁ)sﬂtf;ﬁ\.@lwbﬂlfw
Joe 4 a5 L) S 5L 50 s0Tp) 53 0T i 5 63k o adsl Sl 55 o s 4 Lo jle 55 55 a8l
Sl 03 (B AR e (S5 Ly e sl 58S e Jile S (S (e 2 53 Ls 65 (ST ¢ 85
Slse 03 s Sl e, IS laan e (Il 4 e g 5 sladsly I S s s o5 Ga Ty gdoee Jlas]
T Gl S Sl 55 b tman 238 oo 5 Sl 0 S (515 Sy e a5 Rl Bl e 3 e
o JS e sa 2555 55 58 e b 5 ladsty ple s a5l b 5L 0581 B8 il 5 A1y

S o 5 5e g ol

Journal of Nonlinear Systems in Elect. Eng. Vol.10, No.2 Autumn and Winter 2023 VPoY Ol 5 5l oY oladi s 09308 owdige )5 b 8 sbaalale 4,0


http://journals.sut.ac.ir/jnsee/article-1-461-en.html

[ Downloaded from journals.sut.ac.ir on 2025-07-31 ]

LolB Caas Sy ke ol i (6551 (S pomn (Sl Sl 3 5 g 53 JUESH Lo shast 05715 2 ke w58 5500

V&4 0313 (B sy 5 5 5d 7 o 0

(Pou) S sl sldarlg olgi ol

I 2y Gl
I 2P G2
I AP G3
AP G4
AP G5
AP G6
I 2r G7
AP G8
AP G9

AP G10

8L
|
-10-
1z O Y Y Y e e Y I Y Y A AN
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

(eele) Slo)

(S AT o (5318 120 5@) 3 38 s S 395155 (S5 O3 g5 Ol guudd sl g — )+

(P.u) S sl sy oled ol ks

H »r GI
B P G2
I AP G3
[ AP G4
AP G5
AP G6
B AP G7
AP G8
AP GY
I AP G10

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

(esls) oo}

(ol s 473U (5313 20 @) D308 i SB35 S P Ol Dl 53903 11 S

(G8 9,5 § ilw 0 033 jgia0- b)as 15 S poto 4o 3 9 G109 e S5 4 -F Jouo

$) J5" wsm

Solp o E

(S5 ke dlesl 05y

St dlell WSy pdeaysa

S Jis YSAEYY Y YHEVVAA/A o~
€ 560 ) AR+ DAYV )44 VDY 1114/

Il 53 53) S la oo 3 55 (6551 (5oLa) 03 Ol e w,ﬁgu(w);(mdut}ﬁw

L il o3 bl oo o8 Wt 5 60L 5L 4 S5 sl 53 il o (4 LSS Sl 53) (58 5 (0l o

Glaslo 53 55w LSS Sl 3 0dd 0,53 (551 Oljn Rl il ST 55 (551 5oL @ s cnline b

(S5 s Slele p3 et & g 613 20 Sl (SO G54 Dok e L SRalS e 4 (S S

Journal of Nonlinear Systems in Elect. Eng. Vol.10, No.2 Autumn and Winter 2023

VEoY Olna g 5ml oY o )ledV v 0,93 (3 (owitiga 53 o b ladlelu 4 a5


http://journals.sut.ac.ir/jnsee/article-1-461-en.html

[ Downloaded from journals.sut.ac.ir on 2025-07-31 ]

LolB Caas Sy ke ol i (6551 (S pomn (Sl Sl 3 5 g 53 JUESH Lo shast 05715 2 ke w58 5500

Ve 0313 (B Jgy 5 S st o5 0

S 5sb Olas sl o (VY (JNA Sleli 5505)0S 5 =5l Slel 55 0T 35les 5 OA JNF Slele 5 50) v_f\.w
Slelu 53 0T 555 5 658 laslee 3 53 638 @3 55l bl opl 51 @b Lidm ol odaline b5 (VV) i
oTdy _;.%t;lCLiqus M5 dols 5L 5 50 S8 el e 4 GS2 o guast 55 hbe ) ol 0d el L

i e 5 sale (SO S 0t 53 (0S5 s ke
Pes,)g‘ﬂbﬁ-&@\@m&hjbﬁg(;.w\a-\.::‘\jb‘(\a)j(\?)J&&‘)ch))y‘bJojk:-
S Al o adly ) S gaosn opl AL (Pe24 Pe27)0T linl Coow i (sla b Coew 31 22w (P8
35 ol b (I Ai e sl 5 dey gl Lo (et 5 OT 4 Lot 3 015 ()L & e sl 2alS
dles! Ol (0 = VD JSEE 5 G 4ol s 53 (31 51058 on plad bt (ST 5 agp oy pide o 4 2
RS o g ol e 4 Wl 5 oo 4T (sl oo T s Jits (6515 0,0 Sl 51 52087 oSS SN (gl sl 5o Ol s

il 58 G5 ety G b 5155 e (S S bk 540 4 O e el 5 (656 s (sla L

ES1

0.8 —

0.6
ay
: 0.4
|. ol
3 0.2
4'\
W 0 ‘
:Q o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
5 (<)
3 1
DAl
L |
D osp
4,
q): 0.6 —

0.4 —

02—

o |

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

(=)
(Celw) olaj

(ol i 42 5LS Sl —0 [l Sl —T) (S 51 Sl 3l 0 D 55l Carog slogei -1 Y IS

e
=]

—GS ]

—GS 2

N
=
T

535 sl e ndd ild curds
- [
=] [=]
T I

=]

0 1 2 3 4 5 G 7 3 9 o 11 12 13 14 16 16 17 18 19 20 21 22 23 24 25

(Celu) Glad

(ol iz i 43 )L SIl>) (367 (Sl 0 0 55l Curdg Hl0g0s -1 IS

Journal of Nonlinear Systems in Elect. Eng. Vol.10, No.2 Autumn and Winter 2023 VPoY Ol 5 5l oY oladi s 09308 owdige )5 b 8 sbaalale 4,0


http://journals.sut.ac.ir/jnsee/article-1-461-en.html

[ Downloaded from journals.sut.ac.ir on 2025-07-31 ]

LolB Caas Sy ke ol i (6551 (S pomn (Sl Sl 3 5 g 53 JUESH Lo shast 05715 2 ke w58 5500

WA 0313 (B Jgy 5 S st o5 0

\ I APLe 3 M APLe 8 O APLe 24 APLe 27

.
T

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
(<21)

sl Cetia sl )b ol
1

1 2 3 4 5 6 7T 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
(<)
(eel) ol

(ol i 4 )G Sl -0 [ e Sl - LAT) Comiin (S ST (S 5l Ol gl ldg0d — 1€ ICH

1.5 —
2 | N \PLg7 NN APLg 12 W APLg 20
¥ 051
b 0
=" 5
2 .5
‘Sj) -1
m._,‘.‘ .5
N -2
P .5
=
o -3
o
e .5
0 1 2 3 4 5 6 7 & 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
(k) Jbe)

(ol iz i 4 )L CIl>) CSuin (S (Sl Ol g slogei —10 b

(S 5 4o -0

S s (6515 10 2 3 sk slan 5 (6551 mbie DI 55 55 D o gy Sy e (e (SR a) e 5l s

S ﬁ.\e.wuuabto,.\sdw\b}b}ﬁgt;@s)ﬁ;&dﬁf)y&@é;;\&ud&g?J@
w53 5 QU5 RIS Aal s e 42 58 OT 0113 10 10 4 s 2 4 51T alall 51 s o3l o8 s
Ls?l»j;lal:éu,bﬂfbjl{%&:ei?);x\}:@ ekl 65;"‘&5\“;’:‘*‘:‘”“’,)% db)bW}‘)ﬁa*J&;dJ‘jT
s 53> J) Lot 65 51 (5500 O15 0S5 o pite laan s clinly ol 53 ST ) gl SEE Sl SIS
bs eSOk g0 5 Y ks S8 S b an LSS (6505 0,80 5 Jites (613 0,0 Sl 3 3 [EEE aul ¥4 &y
Sl et 92 0515 Su e 8 Alor s 0l o gl ol 0ld glie 5 ool Loy 6551 Slala ) sl
5 Jist byl (15 8 o sladiuza g3 Yo N0 Jilio alS 4 oie S 5 G (gl 4 LSS

338 o Jesl Sl ks Ol5e g leaige

Journal of Nonlinear Systems in Elect. Eng. Vol.10, No.2 Autumn and Winter 2023 VPoY Ol 5 5l oY oladi s 09308 owdige )5 b 8 sbaalale 4,0


http://journals.sut.ac.ir/jnsee/article-1-461-en.html

[ Downloaded from journals.sut.ac.ir on 2025-07-31 ]

LolB Caas Sy ke ol i (6551 (S pomn (Sl Sl 3 5 g 53 JUESH Lo shast 05715 2 ke w58 5500

VY 0313 (B Jgy 5 S st o5 0

)gupr@;Agdﬁﬁi‘bjh}vf\j;‘ui}avfé)4.3dg.«f):(jlf)dﬁ)&jj\éh)bok&b&cw
@}FMw‘:Mw)j)é)LﬂMﬁ(&lL;LAJD-‘))\é&)‘#‘cjﬁv\dlﬁ)d)bjoﬁw@‘fl
‘JAQTC‘L,S-_gJ})_g4".:.@{".:2.'.3'l.fbCJ‘J‘,;.@,?JL'fi|éyg&\)gchjbe,}Sa‘é\ﬁcJAT@v\fj)u‘W)éhw

Al o DUl Gy 8l Sl YF sk 53) ot 5 58 553550 Lyl 5 5o

¥ty

[1] A. Narain, S.K. Srivastava, S.N. Singh. congestion management approaches in restructured power
system: Key issues and challenges. The Electricity Journal, 2020, 33, 106715.

[2] A. Gautam, Ibraheem, G. Sharma, M. F. Ahmer and N. Krishnan. Methods and Methodologies for
Congestion Alleviation in the DPS: A Comprehensive Review. Energies, 2023, 16, 1765;
https://doi.org/10.3390/en16041765.

[3] T.T. Nguyen and F. Mohammadi. Optimal Placement of TCSC for Congestion Management and
Power Loss Reduction Using Multi-Objective Genetic Algorithm. Sustainability, 2020, 12, 2813;
doi:10.3390/su12072813.

[4] M. Esmaili, H. A. Shayanfar, R. Moslemi. Locating series FACTS devices for multi-objective
congestion management improving voltage and transient stability. European Journal of Operational
Research, 2014; 236:763-773.

[5] A. Kumar Reddy K., Shiv P. Singh. Congestion mitigation using UPFC. IET Generation,
Transmission & Distribution. 2016, Vol. 10, Iss. 10, pp. 2433-2442.

[6] B. N. Bhukya, P. R. Chinda, S.R. Rayapud. A Novel Approach for Congestion Management in
Transmission System with Advanced Control Using Innovative Algorithm. International Journal
on Electrical Engineering and Informatics, 2022, VVol. 14, Num. 1.

[7] M. Khanabadi, Y. Fu, and C. Liu. Decentralized Transmission Line Switching for Congestion
Management of Interconnected Power Systems. IEEE Transactions on Power Systems, 2018, vol.
33, pp 5902- 5912.

[8] X. Zhang, Y. Liu, H. Gao, L. Wang, and J, Liu. A Bi-Level Corrective Line Switching Model for
Urban Power Grid Congestion Mitigation. IEEE Transactions on Power Systems, 2020, vol. 35,
No. 4.

[9] K. Chakravarthi; P. Bhui; N. K. Sharma; B. C. Pal. Real Time Congestion Management Using
Generation Re-Dispatch: Modeling and Controller Design. IEEE Transactions on Power Systems,
2023, Vol.38, Iss:3, pp: 2189 — 2203.

[10] M. Panda, Y. K. Nayak. Impact analysis of renewable energy Distributed Generation in deregulated
electricity markets: A Context of Transmission Congestion Problem. Energy, 2022, vol:254.
124403.

[11] F. Hag, P. Bhui and K. Chakravarthi. Real Time Congestion Management Using Plug in Electric
Vehicles (PEV’s): A Game Theoretic Approach. IEEE Access, 2022, Vol. 10. doi:
10.1109/ACCESS.2022.3167847.

[12] L. Bai, J. Wang, C. Wang, C. Chen, F. Li. Distribution Locational Marginal Pricing (DLMP) for
Congestion Management and Voltage Support. IEEE Transactions on Power Systems, 2018, vol
33, pp 4061 - 4073.

Journal of Nonlinear Systems in Elect. Eng. Vol.10, No.2 Autumn and Winter 2023 VPoY Ol 5 5l oY oladi s 09308 owdige )5 b 8 sbaalale 4,0


https://doi.org/10.3390/en16041765
http://journals.sut.ac.ir/jnsee/article-1-461-en.html

[ Downloaded from journals.sut.ac.ir on 2025-07-31 ]

LolB Caas Sy ke ol i (6551 (S pomn (Sl Sl 3 5 g 53 JUESH Lo shast 05715 2 ke w58 5500

vy 0313 (B Jgy 5 S st o5 0

[13] V. K. Prajapati, V. Mahajan. Demand Response Based Congestion Management of Power System
with Uncertain Renewable Resources. International Journal of Ambient Energy, 2019, Vol. 43,
pp.103-116.

[14] M. A. Fotouhi Ghazvini, G. Lipari, M. Pau, F. Ponci, A. Monti, J. Soares, R. Castro, Z. Vale.
Congestion management in active distribution networks through demand response implementation.
Sustainable Energy, Grids and Networks, 2019, wvol. 17, pp. 2352-4677. doi:
10.1016/j.segan.2018.100185.

[15] Z. Mengting, X. Chengsi, D. Shufeng, T. Kunjie, G. Chenghong. An integrated multi-energy flow
calculation method for electricity-gas-thermal integrated energy systems. Protection and Control of
Modern Power Systems, 2021 ,6(1): pp:1-12.

[16] M. Nazari-Heris, B. Mohammadi-lvatloo, S. Asadi, Z. Woo Geem. Large-Scale Combined Heat
and Power Economic Dispatch Using a Novel Multi-Player Harmony Search Method. Applied
Thermal Engineering, 2019, vol:154, pp 493-504.

[17] Jia. W, Ding. T, Huang. C, Zhou. Q, Shahidehpour. M. Convex Optimization of Integrated Power-
Gas Energy Flow Model with Applications to Probabilistic Energy Flow. IEEE Transactions on
Power Systems, 2021,Vol.36, Iss: 2, pp: 1432 — 1441.

[18] X. Lu, Z. Liu, L. Ma, L. Wang, K. Zhou, Sh. Yang. A robust optimization approach for coordinated
operation of multiple energy hubs. Energy, 2020, vol.197, 117171.

[19] Y. Zhou, M. Shahidehpour, Z. Wei, G. Sun, and S. Chen. Multistage Robust Look-Ahead Unit
Commitment with Probabilistic Forecasting in Multi-Carrier Energy Systems. IEEE Transactions
on sustainable energy, 2021, vol.12, No.1.

[20] M. Y. Damavandi, I. Kiaei, M. K. Sheikh-El-Eslami, H. Seifi. New approach to gas network
modeling in unit commitment. Energy, 2011, vol. 36, 6243-6250.

[21] X. Zhang, M. Shahidehpour, A. Alabdulwahab, A Abusorrah. Optimal Expansion Planning of
Energy Hub with Multiple Energy Infrastructures. IEEE Transactions on Smart Grid, 2015, vol. 6,
pp: 2302 — 2311.

[22] W. Huang, N. Zhang, J. Yang, Y. Wang, Ch. Kang. Optimal Configuration Planning of Multi-
Energy Systems Considering Distributed Renewable Energy. IEEE Transactions on Smart Grid,
2019, vol. 10, No.2, pp: 1452 — 1464.

[23] M. Cao, Ch. Shao, Bo. Hu, K. Xie, W. Li, L. Peng and W. Zhang. Reliability Assessment of
Integrated Energy Systems Considering Emergency Dispatch Based on Dynamic Optimal Energy
Flow. IEEE Transactions on sustainable energy, 2022, Vol.13, No.1.

[24] K. Singh, V. K. Yadav, N. P. Padhy and J. Sharma. Congestion Management Considering Optimal
Placement of Distributed Generator in Deregulated Power System Networks. Electric Power
Components and Systems, 2014, 42(1):13-22.

[25] A. A. Mohammad Aljabery, H. Mehrjerdi, S. Mahdavi, R. Hemmati. Multi carrier energy systems
and energy hubs: Comprehensive review, survey and recommendations. International Journal of
Hydrogen energy, 2021, 46 ,23795-23814.

[26] D. De Wolf and Y. Smeers. The gas transmission problem solved by an extension of the simplex
algorithm. Manag. Sci. 2000, vol. 46, no. 11, pp. 1454-1465.

Journal of Nonlinear Systems in Elect. Eng. Vol.10, No.2 Autumn and Winter 2023 VPoY Ol 5 5l oY oladi s 09308 owdige )5 b 8 sbaalale 4,0


https://ieeexplore.ieee.org/xpl/tocresult.jsp?isnumber=9358032&punumber=59
http://journals.sut.ac.ir/jnsee/article-1-461-en.html

[ Downloaded from journals.sut.ac.ir on 2025-07-31 ]

LolB Caas Sy ke ol i (6551 (S pomn (Sl Sl 3 5 g 53 JUESH Lo shast 05715 2 ke w58 5500

\V¥ 0313 (B Jgy 5 S st o5 0

[27] M. Jadidbonab, M.J. Vahid-Pakdel, H. Seyedi, B. Mohammadi-ivatloo. Stochastic assessment and
enhancement of voltage stability in multi carrier energy systems considering wind power. Electrical
Power and Energy Systems, 2019, 106, 572-584.

[28] A. Hosseini, A. Mirzapour-Kamanaj, R. Kazemzadeh, K. Zare, B. Mohammadi-lvatloo. Congestion
management for coordinated electricity and gas grids in the presence of multi-energy hubs: A risk-
based optimal scheduling. Sustainable Energy, Grids and Networks, 2023, 36, 101153.
https://doi.org/10.1016/j.segan.2023.101153.

[29] M. Alipour, K. Zare and M. Abapour. MINLP Probabilistic Scheduling Model for Demand
Response Programs Integrated Energy Hubs. IEEE Transactions on Industrial Informatics, 2018,
vol.14, 79 — 88.

[30] E. R. Richard. GAMS-a user's guide. Washington D.C.: GAMS Development Corporation, 2007.

[31] M. Khoshbouy, R. Kazemzadeh. Optimization of transmission lines congestion management in
integrated electricity and natural gas multi-carrier energy systems. IET Generation, Transmission
& Distribution. 2024, 1-16. https://doi.org/10.1049/gtd2.13119.

Journal of Nonlinear Systems in Elect. Eng. Vol.10, No.2 Autumn and Winter 2023 VPoY Ol 5 5l oY oladi s 09308 owdige )5 b 8 sbaalale 4,0


https://doi.org/10.1016/j.segan.2023.101153
https://doi.org/10.1049/gtd2.13119
http://journals.sut.ac.ir/jnsee/article-1-461-en.html
http://www.tcpdf.org

