Ol 5 olCii s
Lgé L;odg.ﬁ.}‘b

Gt onkige 038
° N ' /:. Al
LlaZan P PTG (o s

L8 4 )s Salys gl aabipll

. é - . -
Q)Aéﬁ‘;_dﬁwww))é

Laaly st

e e 555

VAV ole ags



posle 5

Ql..i:;ﬁj)\{ﬁg;.é-):ql.w):U&ump.})lf!u\ééjsbj)u\g ‘6;6,,51456;&&1)6\45.
el .ﬁuu;wg:;\wrx;%,uso\,,wmﬁ)guj\”;jﬁycu T aio, 515 mlals
‘,L?;)Mj\maﬁ”;_ﬁlmﬁ‘rbﬁﬁwidg;oumujvﬁ@\wumcuougﬁ.S
A AT e s Cocs 3510 51 0 (S5 (g3l ol s 1y by ety g bms S, (s (Llod gy pl St s
535 Lae 1) 939 olusl 5 ¢ S5 ﬁlj‘s@\,tfjﬂ



ATy,
d’)/,w/u

PSS ol eaged Wl ol [y ledy Ol o)lgen & o ST | S5 Lslus
2 4S lad § S geo 6305 5131 ol 5 ST L sl ol pledl ! Colys 9 8 33 8
e S5 T SIS Sl s 595
(a).a\ﬂjpﬂ.a ok
S, ol 53 & (i 355 ROl wly 4bpll ool el T 6y 5 Sl 9 Lk
Celas ‘¢§>v’ Shiy oylpen SW5 slaisylsds 5 b s pled 03 o35 o sl sk 50k S
S el @l plodl 4 by (pps welpbly ool ol Olial Al 4o glacslom by Wlosyy ol
Covw Jolyn 53 457 (653050 5 035 lo sl g0 @l 1y s 0 B alS” Jgs a1 la siew 51 (0L oo
Wl 0393 LS 53 0, pen S
= e S BT ot
skl ol giear o p)ls ) wy.;;s;@TQL;?P\;,M).@‘;;@U\ Ly sleads Sl 5 S
b asbobly cpl el 5o oulS 5 ALSS s 85 polodal L3505 65k 4l cpl plaeil 53 1ie Lol

Aolizey e o



SAS>

- «

3 s 53 o (Kol 5 ot ak 5651 G 5 Kk i3l dala sl sladle s
Sl L el i Glagt (gandllae ol e g 51 A b e 53 (gl QLo saddllan G s
D3 ll ok w8y a5 3550 (G551 e Bl Lo (6551 Calisee Sla el DU 5 0 55 (oS
Il Joes (658 laslEs 5 5 onls 63,50 ola ST 2O 28 S8 S 5y Sy e
Ll g 5oy 8Ls Slelu 33 )b oo (31555 pote G Sl (ool S bl 0 655 53
Lo S O 058 ool HL g mal 6l (6551 Sl 0,55 Slagt 1 sk oy
0,55 3l oslinl 3G aslsl )3 (Aol psbsn bl g0 ala )5y G5 38 S (et (655
Y s 6o anlllas 3550 Sl (oaSB Bl o DL (g5l il ) slie 4 LapT oLl 5 sl
b Sl 53 e ;5 oad S Ll Gla b Glsie & Lol 1 (31uns oS ST s o IEEE aul
Llod

G il G Sl (bl (3lutings 535 e Glue 53 1 gals” Slels”



Zood o Rl LB e Jald S jgb

\ dodio 3) fad
Y ool sy DR G5l s o) 53 in g andllas Coenl V)

Vv L A S8 vy

¥ L R A, T b T e TR o855 Yo

PRIV T SINNCINZ . IR AN VI LS 085,01 Mivra )

AUV N A V. ol o s s Yovoy

YOG A OISR S Gyl Fo

Voon BN e et W s B me D)

NG/EZON 2 L0 - B 0 IR B O (/Y 7 PRI 1/ OV S la fas 4o 71

1 ool Pl Oldllan 9 (55900 2V b
AN Do hei sy Aisserblii Ty peand (i oo dells oy . vmasatslell il ssom, aedars 21X
DI AV Y A 38 55, 4 )LSC aSs ys a3 S S gee Sladllas Y
10 Gl L § a5 I IYBLro ¥ fad
[ S O Y ¥ PSR SN (O U adas Y
N e S8 s SY¥slee oY
YA T T L RS G aSs O¥slee WY
Wbl T 37000 5kt s s N 28y o annb\T 3 rns 2. Ll 33 355 5 ¥slan F_W



LT SRR Lh)Lwoﬁk-b L}JL’"L" JR)QYJ\&@ (AT o
Yo .. ... T T 5038 sla asly a5 ol 5 B mae S8 Gl dslas F_¥
@I TV A TANR VLI FNE W B S VTN SO Y - NG VL VIV 1= VNS AL P A WO d.Y MJMGB VLK
Yar oo b, M oan . et e b M e, SNl p s dma ALY
YY oGNS . wf}%@)bgjb%‘ﬁ‘ﬁ}) Yy
Yo & of b
|~ T o4 xS awdes V¥
YO L L I s nguwda.bff@bdjb‘ Y_¥
f &



T Sosb 58 S S sl
T S SN IEEE 4wl ¥4 4 andllan 3550 5 (o450
F LI SR I 4 oS 25358 ol sl JS sles
A e Wld T~ A5 A o B o5 23358 ol sl JS sl
KNy il s O s s b2 ST s mad o it e S8l gi5 53 oS dloa s Lo
1 BT ST VR s 5 Loses 43 505 Ol mws (gl >
YY ey B P 508 il ag LU
AR AN R s (il degs (gl uSed Loses 3 ol i g asl
YA ESS s s ESS CJl>= 55 Bus ¥+ (sud & ol 5 anslas
YA 0ass (STl ESS s s ESS Sl 55 Bus ¥ sud & ol 5 anslas
X 2 oo .. [0, .. ESS 05 s ESS Sl 55 Bus Y'Y sud & ol 5 awslas
Ya.....,,....0 N .. ESS s s ESS &> 55 Bus ¥Y i & ol 6 anslas
Yoot .. ESS s s ESS &> 55 Bus ¥F i 8 ol 6 anslas
\ RSOt S ESS g5 s ESS &= 55 Bus Y0 ) 8 ol 6 anslis
\BI AN o ESS o5t s ESS CJl= 55 Bus ¥# s & ol 8 awslas
| TP ESS g5 5 ESS Sl 55 Bus YV g & ol 8 anslas
1 AP ESS g5 5 ESS S 55 Bus YA g 8 ol 5 anslas
Yy S ML ESS s 5 ESS &= 53 Bus ¥4 sud 8 ol 5 anslas
Y7 ibls oes 8-y ESS st 35 ESS Sl 43 6, 4 S g aia Oyl
17 Y S ESS o5 5 ESS &Il s 58 4 sy 4 Oyl
¥E ESS 35 5 BESS Sl 55 G 5 58 aKa Ssgu IS aipn Ol
) R R T Bus Y+ 3 jlee o5 5L 5 5L Caasy
VO T332 (s A s leal s Bus YV 5 jleo 53 5L 5 55l Cuns

:\_\JSJ
Yoy K

Doy K
Yoy S
3 A
Py S

oY &

oy S
:\_T'Jg-i

Yo S
oF S
FoF S
- K
(L]
Y- S
A-F S
4_F S

D F S
Yo K

VY_F v
AT P &
A i i

NOLF ‘



& ba IS g
FO o Bus YY 55 jlue .53 55Las 5 55l Condy VP IS
| N R SO Bus Y¥ 55 jlae o3 55ls 5 5l Candy 1\ K
WRE s pnsabab ] Qoand (Futes Bus YF 55 jlue w3 55las 5 55l Candy 1VALYF S

YA . B . b e . Bus Y0 )3 jlue o3 55Las 5 5, Caady



Jolor a5

Y e iigg e e g B g eneeaeees Gl s b Olasiin 1Y) Jo
Ao Mb&(pu)ﬁﬁuﬁﬁWjﬁbwcdeQw (Yo Jas
QDR 02 RPN e D L Redox jlus .53 Slasein (V) Jod>

oy p3lie el YF 53 lao, 3 o258 by blay 055 e ol 1V S F o

AR, A Y S R ST I IR ST P | 4 M"’u‘ (pu) “:".‘."fd
YY B gt e ege e B eanne e e e e G )€ s St g JS ania YIF Jpus

Cdg g i palie (ol YF Job 5o bajlue ;o5 55Lhs 5 55l Camdy 1V F o
rY Y T e T T *‘W:"LL;‘ (pu)

palie (el YF 3 jlae a3 298 b 55 e bay gl 35 (gdd g ol (P ¥ Jaue



| o

*

A0 N0

ORI O L) 40 84850 g dxdllao ot V1Y

Ol 4 (535 ola Ail g Julo i (o Sl o3linul (g1 conlin oy SO (6551 ola o s
Ol mly 53 o8 spi e @ SN 53 T (G3lud 5 T s 2UIS L35 el cpin L S
2551585 B 68K plojen gasllln il o (65 Calisee ol ol Jauly G (goutia
S yailen. [V] )ls Cato 53 52 3 G 8 IS suupr RS Gl bl solal files
Il Loy b iyl (b pae g pl & Sl T aks S Loy 5 ol g ol
L1 il cpl 3ols 1y & Jae (25 48 08 5,5 e 9 0k o313 JUass a0y 5 4{5\?@5@151,5‘
VO ol s 651 pl 5l steps oo b g ST s (G SUI g3l T ol (8 8 b s
S Dl p 4N sk nlpl. [ Y] A Jie e S0 4 JUH bolas 5 b 1) e
w5 508,05 0 58 JUisl Cs 5w ol 55 ol & ol (6551 Jolo 93 JLsl injls B o el o7

e S A et ysb 4 L5 53 8 Bk e Do pae S0 4 TES1 5 50
B{Ea0 L O I
e b S8l S8 (5 e e o5 355 0 S S8 T4 Yaens S ki

b il mle e 5 2505 (dod (G g 4 Lo (608 15T 5 Ygons "

35 deoyd VP KTl oS cans o S5 ks 5815 (550 Slemr o pmas deoys Yo Lol Jl> s

‘energy hub " converting Ystoring ¥ natural gas ®converter 9 efficiency Yloss




LYo Y

el s el b 58S 0850 5L ) g0 L il 0 45 shailen ol ) Ul
b SE 5 S 5 el fa s o5 5 e s Ol 4 b 5B Il e
33 Sl ol per UL L It byhas s 5,y Jmle Sy slaals 43 S philan. ol 85 5 4
b by LaSs ol 3 SUL Ll ol e SUE L E glad s 58 Jlasl 5 Sy B el
Cudyle Sl ol cars o s 51 I L S Els! 51555 s b s 58 S Sl (655
s S5l Lol (65 51 b ol 487 5,15 pU (45 5Ks) (63515 4 08 (65l plp 53 o Suaslia
Gl I el e 0T 58 Cs e 4 (S s 085,05 b b3l (g 5 o oslinl 3,b 5 5 348 0 56
ol (Ul s (Jo 55 oy 15 Collan b ae Cpun (a5 585 Slomn 2 315 (6 Sk
bl o g 93 5 Ul glad ) g o il g aS

s enS b il clad ) o

(D3 eS O3 )orl JUES! sladlyl @
23355 g0 03l s oS5 VL (3570325 (g1 S (ST 20 L g g enS S eils 0 45 plailen
508 353 05yd 4 e b 1)l (SIS (6551 oo b o s (Lilag bay g eSS
a3 g o b S8 Il glad g 5s Sl j1 U HLas C I 53l o 03,55 |y T s
N R B DL S0 g

(S 5 sis)wedis sk 58 HELS 520 @

(5155 Gais) pE5,5 sl o

il SOl 5B S Lo )50 58 SV S

ol g Y-

S S 4 e S 5 6 Ly 5135 3 e 5 5135 a5 0855 03 Y same i 7S
St 5 55055 i Jomn L U3 55550 ST L 55 SG Bl S e 0l )1 5L SIS
t’}a 93 4&..& w‘).} olds w”}su* L;\Aolfjﬂi ML@ a\fjﬁ..'v b OT‘U Jo}.cf

é)‘fﬁ@jj;\; )



PRV

DY e

Algerian gas Loenhout

I
|
Zi‘l‘].‘rll'_'."-‘:l‘ l/ |f

Dudzele .’\\*

Brugge

Antwerpen

Zome I\.,t]ll
{ ;r‘ﬂf
\ Anderlues
'\.
) From storage
A
\
Péronies

Mons \(}

_,r/ From storage
Blaregnies

To France

Namur |
i Wanze

-
-

p .r.‘/}qnnngi:m gas
-
o r
“ Berneau I‘\cwrs-]]
-

Litge

Il_ Sinsin
LY
\ Arlon

L &

\

To Luxemburg

R P S L W TR B (-

3 eyl s

1S S PRI [ (g

Losl Ja.;:u Lg‘j.:b .5}.&& UT-"')JS U’:""-JD: v 45&;\7.4 LSJ\f L;\.Aolfjﬂ; Br)

Sioll 1y o lad 5 63,5 03,80 1y I9m 555 (93 4 a,m Slsp A b &S 545 0 03linul 5 gus oS

s 58593 5 s 638 Soyslas 11y (63955 (slen o 5 5 ekl Eol53l 6l Y game das

Sgh g é‘;}-‘éu‘b‘)‘jjrujsaf‘)b ol 03 3 ‘5'}“"?‘(’;”"?‘5““5’3” Slsa B as o 55

c&a“y-"ﬂ\f.ﬁjﬁ@ C)B- J‘?‘dB‘J\YLJW \gébj\f‘g D) g o 9 ok g_,\:fj:a o g L ldajbj

oo b 38 ol 3psT50 S o 1y 0T (ot 1 psmac b 4 (53908 5 U 58 Sl (gl sl 55

Fls 5ol 58 b 3,8 0 s s Ml 3L o fee cnl. 35 il s 3,05 5L

255 S35 CS i 5355 0 B S A e 3 XS 0 355 s e 4 5L e u b

s & Y - e I . - . - - - w( ea P -
J5558 558 ¢ Sgile Wollg 5 pl g 358 0 B 5 4 53 5 55155 S cow s

55 0yl iaylse 4 o5 e 38 el 5 Ll 3wl

Ayl 5L g.'JTA.:v o\.?)j:s e



c\f)ﬂ} Y_\ ¥

(°u9)¢,ﬂlv§QT¢,'.u ol e
(A8 sl o 15 o815 a5 03,5505 5 083505 (VL sle ey 0
";Q’:’)J 9‘,33@ b}jksl:é- b alfjf:ﬁ w‘ ®

)13 5 el o€y, ol Ll

OB;JA.Q

Yool G gausn @

Gl s s e

Syly>olfgpd YY)

G5 ok a5 Glayle e 5 Sl o S B ST 95 S D?ﬂ ol 5 ol LI ol
C fre Jd g g 2 s UML?)J:J ol :)}Tdejs S ly MJLQ\ GoiSud &5
s S b 4 b Kos 0 ST 0T by & 5550 S Sl Sgile s b 56
5 0T 53 T (g0,h8 48 mn 5 il (58 Do) WalS & ()l pnr ST a5 0
b5 55 5 358 b s 3l Kas b opl sl 518 le gam)s 00+ VL o sles
R she IS B s S e S 4 p 5155 e e S A 03 5 208l 05 AS
1 a5ke o (sl Al (2blie s colan hls el e ale 55050

&8 B 0 s VL Lokl

38 o855 4 s SV S s

38 o0 4 Sl iy s
: QT;.,.:lM}

Lhlola e

3 R S B S PGP

58 o8y 5 iy ol plej @



o dadin 1) Joad

38 e85 51 ey G I sizzn @
@J@g;:-j.w‘\fg;.w‘QTw)jb)yd&&)béj\fjé)‘ﬁegjﬂaJ)}A)J‘\:-}:JJGLS&CJ‘
O pan g 1 3l o (Lo S g Lo Sl oy 5 g Ll 03y a5 (658 08T

RGIW P4 4:3;)1@ BE Lg)lf o\fjjtﬁ dLo.h )\f 604.'.5
Spdl  Fo

2 B 0l )13 0kge 4 e B 5 A e ) Ly S (6550 e i (5 (5T
32550 G el 53 b SV 348 glailen 358 g0 oS 55 5 JUiSI 5 oides iy 4
S Ol plomle bl 3 ABl e g ST Y B I gkST VY o Vieme 0 iy 57 355 A5
kS5 L g 31 (SO (6551 st Jols Vgmnn sl p ol kS 0 (SO 800 (6530 Uil
4 (oS 6551 Japs a2l 51 5 el s paz S0 b agd SGn5 i slal @
4 B sz ol Lo (SO SN (51 ISl (SO SIN (51 )5 B3 sutomn 53 LS e
03 s g 25 sl 0dd a8 S5 IT 51 o i o s g o B 58 0 05y 5 (SOl
Lol wiile (655 mlie JUEl 3050 51 (g5l 53 o7 0T Il .mif o e SOSN8yl
i bl 3 a8 pabge bl Ll (SO (6550 Dl S oy g 5 Sl e b b T
el G5 wby Sl Grae balie 53 G5 B 0l 035 o 5> 5 Gl sa5Y Sl
sl a5l Sl i Ly oS 558 13 A5 5 o ae Ole Salen Gloj dilos Lol
25 S5 4l g Sogean ) Lyl 35 sl 03 5 el S Bls e (ol 4 e 2l
5 e 9 4515y (9 pan Lo sin o dS sl (3T 545 o 0nd 41355 5L (gla st 53 Legas &5 (1 4SS Ll
a s o5 a5 S )3 (gl edide MK 3590 ol 45 e 3 e 31 AL Sy Sle e

S )l ot 0 1y (YU (ga5p 5 2550 2es

Mqﬁéaﬁwq}JMJ‘Jbg&Qbu)bbSw\a-u&;ﬁbtfﬂyw‘

SM\J)‘AA)‘ Cjb- os«\,&wk’_‘:&})‘ 6;L3))l4b LSJ"’ QL:A)&)L:er')LGL#)J))}Q ol



P yoxe Ob gomails

Sy 095 0395 ollsloiT b 9 wikigo OALLIS LS 4 Bdob S Jolf™ (o dy (g ywd Cagr

Ao 8 dx>l g0



[1]

[6]

[7]

[10]

[11]

&

Mohtashami, R. Mashhadi, and Habib, “Utilization of thermal power plants under the con-
ditions of gas field in the context of the constraints of the gas transmission network and the
energy losses of both gas and electricity networks,” in 23rd International Elecrical Engineer-
ing Conference, 2008. 1

A. A. E. niya and M. Z. Seresht, “Optimization of gas and electricity transmission (gas and
electricity synergy),” 1

K. Divya and J. Ostergaard, “Battery energy storage technology for power systems—an
overview,” Electric power systems research, Vol. 79, No. 4, pp. 511-520, 2009. 6

P. J. Hall and E. J. Bain, “Energy-storage technologies and electricity generation,” Energy
policy, Vol. 36, No. 12, pp. 43524355, 2008. 6

J.-H. Teng, S.-W. Luan, D.-J. Lee, and Y.-Q. Huang, “Optimal charging/discharging schedul-
ing of battery storage systems for distribution systems interconnected with sizeable pv gen-
eration systems,” IEEE Trans. Power Syst, Vol. 28, No. 2, pp. 1425-1433, 2013. 6

C. M. Correa-Posada and P. Sanchez-Martin, “Security-constrained optimal power and
natural-gas flow,” IEEE Transactions on Power Systems, Vol. 29, No. 4, pp. 1780-1787,
2014. 11

C. M. Correa-Posada and P. Sanchez-Martin, “Integrated power and natural gas model for
energy adequacy in short-term operation,” IEEE Transactions on Power Systems, Vol. 30,
No. 6, pp. 3347-3355,2015. 11, 12

M. Moeini-Aghtaie, A. Abbaspour, M. Fotuhi-Firuzabad, and E. Hajipour, “A decomposed
solution to multiple-energy carriers optimal power flow,” IEEE Transactions on Power Sys-
tems, Vol. 29, No. 2, pp. 707-716, 2014. 12

C. Unsihuay, J. M. Lima, and A. Z. De Souza, “Modeling the integrated natural gas and
electricity optimal power flow,” in 2007 IEEE Power Engineering Society General Meeting,
pp. 1-7, IEEE, 2007. 12

A. Shabanpour-Haghighi and A. R. Seifi, “Energy flow optimization in multicarrier systems,”
IEEE Transactions on Industrial Informatics, Vol. 11, No. 5, pp. 1067-1077, 2015. 12

A. Martinez-Mares and C. R. Fuerte-Esquivel, “A unified gas and power flow analysis in
natural gas and electricity coupled networks,” IEEE Transactions on Power Systems, Vol.
27,No. 4, pp. 2156-2166, 2012. 12

f



ol ¥y

[12] S.An,Q.Li,and T. W. Gedra, “Natural gas and electricity optimal power flow,” in 2003 IEEE
PES Transmission and Distribution Conference and Exposition (IEEE Cat. No. 03CH37495),
Vol. 1, pp. 138-143, IEEE, 2003. 12

[13] C.Wang, W. Wei, J. Wang, L. Bai, and Y. Liang, “Distributed optimal gas-power flow using
convex optimization and admm,” arXiv preprint arXiv:1610.04681,2016. 12

[14] C. Liu, M. Shahidehpour, Y. Fu, Z. Li, et al., “Security-constrained unit commitment with
natural gas transmission constraints,” /EEE Trans. Power Syst, Vol. 24, No. 3, pp. 1523—
1536, 2009. 13

[15] C. M. Correa-Posada, P. Sanchez-Martin, and S. Lumbreras, “Security-constrained model
for integrated power and natural-gas system,” Journal of Modern Power Systems and Clean
Energy, Vol. 5, No. 3, pp. 326-336, 2017. 13



Abstract

In recent years, we have witnessed a significant increase in electricity production from natural gas,
which requires more dependency between the two industries at the same time. The study of multi-
carrier systems with the ability to convert, store and transfer various energy carriers has been con-
sidered as an energy hub. In the present study, the gas and electricity network together form a hub
of energy and gas plants are connection of these two networks. The main problem of power net-
works is the unevenness of the load curve overnight. For this purpose, energy storage systems are
used to correct the load curve. The goal of the optimal distribution of the integrated network of gas
and electricity is definite. The main issue is the continued effect of using storage and location to
minimize losses. The studied network is a 39 Bus IEEE distribution network, some of which are
intended as Buses supplies for storage.

Keywords: Storage, Energy Hub, Optimization, Allocation, OPF, OGF
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