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Abstract:

This paper presents a novel two-level stochastic development planning model that addresses the
challenges of development, transmission, and battery storage alongside the natural gas network. In this
model, high-level decisions for generation, transmission, and storage are integrated with the lower-
level modeling of the natural gas network. A key feature of this model is the incorporation of high
wind penetration and solar energy integration. Given the increasing uncertainty of these factors, our
model offers a comprehensive solution. To solve the optimization problem, the lower-level is
transformed into KKT equations, which improves efficiency. The effectiveness of the model is
examined using two test networks: one with 6 buses for electricity and a gas network with 5 nodes,
and the other with 24 buses and a gas network with 10 nodes. Analyzing the results under various
conditions demonstrates the model’s efficiency and robustness, providing valuable insights into the
interconnection between electricity, gas networks, and renewable energies. The findings of this study
contribute to development planning and offer useful insights for policymakers, operators, and
stakeholders in the integration of storage energy. The proposed formulation suggests comprehensive
strategies that account for the complexities of the evolving energy landscape. The innovative model
and approach proposed will provide a strong foundation for future research, offering practical
solutions for sustainable and integrated energy system development.
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Figure (1): The first integrated system

el ) 2 a8 Conl oad 48 S L5 s Julo sl it 3,90 paiz ool sy 5 S S ool Gl ol
Y0 (gekee ¥ azogy (085 a5 o bk /950

Slegi Ogekee Vot Az (28,5 A 0 s ego )50

pdyeaas 655 @lie (8 1A )0 (gt age 990

s a8 oulaSls y Glisee cdls dan bl aslio 5 Sldi> cwyp a Voo j0 ouls &3] giloand b oo gl y
S,lg— oy Jolds el pl losls 158 slaian |y pduasass (65, mlie 5l oolaiwl g azogy Hlai 51 Jglase Loyl )i plaS
el )

o s ol b o 8 e 4 dgs sy (sl 5551 533 < JUil bglas 55 s Jiale s B
JPEC OV ON PN SV PR PRSP SICH | -3 PRCIN P RECET SUUNIE O PNPURSR PR BPY IO

oaies5Lis a5 sy Yo Hede YV ¢ jlade 4y Bue mli el 00l s Yo ygudie Teo ol JS ax 09y ¢ Jgl 0550 50
byl |l Jlasl by las o 6,JaF ke o .ol onlicay ;o5 slacoogasme g ladis j a5 dz g5 b pisaens digy o Slac
65 53 reis 15 (5 JiT ey el 3 pate 4K 5 Shas 5ut 5 s () B 1 45 D55 ca A 5 oo
Gl SlglKe 0 F s )0 el Slgle Fr oY s jo sl Sl Fr il 1) 758 4 bl S5 4 (ESS)
Sl a8l )0 (6551 (ilwo >3 y0 yiles dloul gl I eaums lis aes ) P i j0 Gl Olgle Fe g Y ol yo
azog O bge ) et 5 Ol 00+ Jold addsi slaasly )0 6 IS ke s cirizran 058 Jolo a3 Sloe U
Olimebl colblB 5 g lauly (sle 4 a5 sl oaid 5138 Jb adad aisSzad g 009s LYo auko YFo o (il j0 00id a0
Slogs palon T v S a3ss 050 3,90 53 by A3 42 Jgine 45 039 gl 0+ 305 Alins Jo (he) el s (5
Bae b el ails b ezl ple g Bos 2l 0 s BB S0 (Jol 0,90 b (65, gles Judo 4y a8 cel ool (yuss
Jds an cnl S ali8l Gl g el YL ol 0550 4 S a5 Sl o) Y5 gelie YRV 3550 (0l o
sl V¥ g7 by s foli Jlasl by las 0 5 ldFasle ) o il ;268 (590,40 4o 5L 5 lazog slocgdgase
35 o3 0oy Lis 45 as 5 Oyg o O fud ,0 el Sl 00 e 4 (ESSP) (655l (s5lwo 3 0 (6,135 W o puo
° Sl B0+ Jobd gy slauxly )3 ()l ale j irizmon ol 551 (Glwo o35 sl (o1 alals S i
J= ol sl oais (B)155 )l @lad 43S 5 035 )Y (orkee VA0 8590 (] 45 008 a0 axog Bl e T
o Py S50 ;0 3,10 )13 Jod Ll oagaste jo lioren Lol il Jgl 090 3l i soS 4T 009y 4l OV alivs
59 laie o YL S s (Yo ek T 4 a1l el ouls (gilwand pdiasass (6550 mbee 1 eslaial g
bz o 6 a5l s .l pdsasass slass il 5l oolaiwl pas 51 a6 3L slads o oamsylis 5 Cawl 8,50 a5
Sl 5 oslisal pice oy (sl A 0 ey Ay S5 45 3530a 1T 5 A Y 5 Lgkas Ll i

Y4


https://jeps.dezful.iau.ir/article-1-516-en.html

[ Downloaded from jeps.dezful.iau.ir on 2025-09-06 ]

Journal of Novel Researches on Smart Power Systems - VVol. 13 - No. 2- Summer 2024

b 999,509, Soigreb S Al 4 az g b 65k 5 Jl gl anwgs 55 a0k 5

SO o 7S i aS a8 S Giso Vol j0 el SlKe 00 e 4 ESS (o (6,138 ale js om0 lid 1) pduasass
SISl (irizran WS o0 Gl 1) 6551 Cu e 55 Folite STl g wad oo Ol ol 3550 4 S 1) (ol alals
g5z g 039 ;Y8 aks YA+ 0500l 50 0ulid pas azog cl ) el 0 Ol Fee ol saldes slaasly yo
03gazme ;0 lizrad Lol anl 090 as (s oy (o yidin a5 0090 4l OO 55 alies Jo> Loy el ouis (5155 )L alad
A wles o pdasass (65,5 mlis g i ax g 5l oolaiul a5 wes o lid 5550 Al dislie oy J1 3 o8 LB
byl )3 NS aleyw Glote @95 9 Sk 4209 b Jol 990 015 SeS laay jo 20l 5 pians 3 Shos (55ludinge
Hlas 1) i lacusgame YL Baa @l g aS 409 b pgd 590 sl at8ly s (5,540 0,Ses 4 ESS 4 Jlal
5 lon 5l aigs colaiul ol bl wl ool (6 YL slovai 1o 4 i« pdyauass molie Bdo L 55 paws 950 000 oo

Al asls ax LSy pitaw 3,5kee 10 2l 550 Wlg oo 409 calio o pote
Table (2): Simulation results in the first integrated system
a2 LSS, e (gl 50 (63 lwds g LG :(Y) Jgua

V ose Yo ARCITY
Y2 (gelee) Som 2l - YEY 14
L 6,155 4yl A& A VEA Y S
) f- )0~ (¥)0-
) ¥
(e el g8 o ESS (6,138 ayle s b
¥
(o) SlglSe ) 9dst woly (135 yle s ()b () 00+ O)#e-
(Yo Gaekeo) oolaul > jo a0 Yf-. \q. ¥q.
(215l50) L alad
(4:6) J> ol - oy 00

4z LS s (ynog =YY

Al e el 0)lge Sel0 5V ¢ 5 ASed 5 5l YY1 Sl ol o 48,5 )15 ) 4z LSy s (r0g

A G 8B VY 5 VeV els (e 50 00l il jem 5 a2l s el oad 43S L5 55 e (ol koS (sl

LS5, 5Y) 5Yr A0 NF A AN Y 6l i 5 PV mlie s s o Jaio 55 aSti A o F1Y sl 6,5 ) i

YE 10 OA Y AY Y S 6l et il oo cami TE g TF A OV AT ) &0 el s 40 iy 4 o0k gl

= g—mo o8 g i el alS Glo s GIYY gV A A D F Gl it aiis 5L (6105 Ao al Sl sl

Trb oS ol oad 43,5 a5 0 Julo sl iz )90 iz csleeiiog 0% 5 St 3 (ool (LS (sl gt

el 5

YO Gseke Ar e azog (28,5 Sl 3 b ol o)

Y0 Ggrkee Fre az gy (58,5 Sl 3 b pg0 950

st 655 @le (8 S5 )3 (et age 990

45 plails il 9590w Sl @l Aslie g SL3pz oy 4V Jgu 50 00l il (iluand s Julow 6l

U5 oyt Sl el () a5 8 L5 131, uipnans (5551 clie 1 ooliial 5 acmgy Blow 31 i Ll plaS

o e 5l o e a3 sl cslnioly « (ESS) 55 il sln s s JUsi Lghas 55 (53S0 ccbitn

sl o alie

A ol Y0 e YNIY e an Bae s cwloa s a8 5 s o Yo ada Ae e JS az0g ¢ Jgl 0550 40

JLal bgdaz o o IS aile y s .l 00l iy 0 slacadgazme 5 ldinjo 4 dz g5 b i dige 0,Slos onipo iyl

el Al 0 ,Sloe 39 (Sl s () CagdT 35 a3 oaimo)lis aS 0gd o0 OF 5 FYLFY F . o led bglas el

Jade VO el o Sl DIyl Ve v sl Oy cpl 4 (m0)55 sloolKiws)) s S 4 ESS 5 (6,138 4o s
Y.



https://jeps.dezful.iau.ir/article-1-516-en.html

[ Downloaded from jeps.dezful.iau.ir on 2025-09-06 ]

Journal of Novel Researches on Smart Power Systems - VVol. 13 - No. 2- Summer 2024

VE-Y Gl —pg0 0)lods =20 juw Jls —diaigd 508 (ot jo (g8 Dlidsd 4 i

e ] a6 Il D9t g oo (65,5 (g3lwe S (gl W sas il aS el 5 jlae lu 31 SYL
O+ 5/\ ").:_:«))O Q‘sl_i‘o‘”“ ‘YL').:_:))«) u‘slio Yool L').:.:«'J)O u‘slio VO~ Jal.«.: 6&.».]9.’ 6L®A>|5)é Lg)‘dqul.‘o].w
aS Cowloais yo,l5 8 b alad a5gSon 5 009 Vo eakeo £o 0 5550 1l 0 00l B ras dzog cwl Al o Oyl
S,lgme plow dy o 4 0090 4l DA jd alivss Jo (le) sl picmns YU el ClilE 5 (g luly onio lis
Wb oo bl ol 5o 0,6 YL oS samsylid g sl JiolieS

A4S oo, LY ede VIV 4 0550 ol jo Bus Al el ouls 48,8 i 0 Vo el T IS Az 09 g0 090 0
) 6)14544LAJ_~4 J_wla )...05 5904 A )L..u 9 6‘4}09.' 6[&%05“\2‘0 )‘ LS“Jl) S| u&o.a 9 S| JB‘ Sy94 )I ).»YL kSJ
A (o mattioo G e Co gl yiion 35 3 odiaojlis a5 09l 0 OF 5 0F FA Y bolas Lols Jlasl bglas
000y Lis g sl e Jol 0500 45 Cnd &S F s 10 Sl DlglKe B0 il o 758 4 ESS (o (6,108l s
o Q‘sLia Y- J.ALM GJ_JJ}J tgl.:upb o tg)l:)._fd.il.af..; (yprad | 63)3‘ Lg)‘l.ucﬁ:'-f) BN 6‘4?09-.‘ dbuﬁosm
Sy9— C).)“)b 0L 5_9).»4.0 4092 ML’LSAR L'),:..':J)Q Q‘jliaa“ 5/\ Q.z..f))é Q|5lia\‘~ Y Q.z..f))é A_:ljlia Yool U"‘“’
Je‘ Q)}_A)‘M@SdOQ?) Mb?\& A.LZw.ALPQLA) R P w)|;)béh34\asi7;~bso$y)yé uyJ*QVA‘
2,0 )13 a8 L eogasme jo lisres Lol wocsl

od—w ) ;Y8 adis VYO & Bus mli conl 00l (gilarss pduasass (65, mlie 5l oolatnl 9oy pivaw o Sy90 4o
Aib oo pdiasass slass il sl eslaul pac 5l 23U YL sloas 50 oaasylis 5 Cul 5)50 dw (y ;o Jlade o YL &S
Sl 4 jls odioylis g el Jgl 0590 aslice a5 090 o0 OF o TV FY (F - Lglas Jols Jlasl bglas o o IS4l o
VO il oy i 4 ESS jo (g i Fale s el pdiasass slass il 5l eolaiwl pae o (gl aSlils oo s
g (S50l (gilwe S (gl i B saues lid 5 Cawl 3550 A s 0 lade p 3YL AST Al s Cele I
30 Slgl K Voo ) s 10 OlglKa YO ol (sadss slaasly 1o (6,108 ke s ¢ yuimad .l pics (5l Sgups
5O i £955 odumdlis S abl oo VA e (0 Dlge Yoo 9 il (o DI B0 A el 0 Sl Yo Y
Obey el oaid 155 )b adad 45g8ed g 009 Vo ygdis A e 3590l 50 00l B pan ax g ol adgi Cud,b a5l
ML:GA .EJ‘)...J L))‘ ) f""")?fﬂ WLA u’_,l)lf oMéuLuujw‘ Ja.wa.».a 990 duw (o 450&9_\ 4.».:[) Fev MJ}

0, Shos (g3l du Wlg oo pdnaasd (65,5 mlie g yiion 4z 09 5l eslaiul a5 wes oo LiS 990 A (pl s lis
ay ESS g il balas 0 g laSale,w yileme 2595 5 5YL az00 b Jgl 050 .0l S5 laai jo ialS g i
A3 oo Hlid 1) gy slacosgase g Ay (6 JYL Bad mli (yiaS ax0gs b pgo 8,50 Conl Al s (5540 9 Sas
Co e g maloe 3l agy ool wl ol ply canl ouls jorie (6 3YL ladiy s 4 (pdyasasy mlbe Bds b 5 pgas 9,90

Al Al 4 LSS i 0,8 loe 10 gl 130 Wilgd o az0gs cuslio

P99 pomwew (rdl 53 (53 Llwdnds gl :(Y) Jguar
Table (3): Simulation results in the first and second systems
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