[ Downloaded from ieijgp.ir on 2025-12-08 ]

[ DOR: 20.1001.1.23222344.1397.7.1.5.9 ]

Vol 7-No.13 Spring and Summer Iranian Electric Industry Journal
Of Quality And Productivity

Sipl Copon 50 38 @ G Jowo ypas Sl YS! w0
6‘6.{.& ‘5&9[&

.
Jetils o slilal goemma aligy ¢ bl o SUL el ! gzmils (| JuST aus

Olpl= 3y ol&sls - ygealS 5 5 (e oasiisle =
m.j.vahidpakdel94@ms.tabrizu.ac.ir

e-babaei@tabrizu.ac.ir

Q‘)—.’.‘ P oisls —).:wlf 9 By (swgo ouSlisls -Y
bmohammadi@tabrizu.ac.ir

00 yiuwS yqub>r 1533 (G 3l Cansl 0 (6551 Gy ke 0352 )0 (G Sl oy dlml el (53 Sl Sl oyl loduS
ol (Bolai g (FYLiol (29,5 Lol oul (G551 G325 wlip g Lo pe Colio ;0 SHp LUy el pdyasasd 655 gle
° S5 GLOE (ol (532 Aol (g ouagiy Casly bl puSodierr (6551 (oli (598U 53 @l (2 ke &5 (il 5 qulio
(5S35l Slo 0uiS 0SS (51 (S Mg (o0 ol Egdge (1l ln (o o)y Blgne 4 G5 Gb oS 0SS 008
el Jlodo! g5l a4 Alio (1l .091 (g0 @2l 1) (b JB Al 53§32 05235 (Il &5 Sl 55 4 § 2 Jono
4 @y Juwo dlio (pf 5o Cowl a1 5 (goLaidl Bua b 9y dy wua @il 9 515 4 G Jouw plww jpao 50 gl 4l gl
Juro jgas 45 a8 (0 lid e (pf .l onl Juo (Fig uad SOU 3929 g A Ay (359 0B ellionme (@255 el b 1

20 (pals gl aisMo JB Gjgo a1 20y woami @b @had ylime 9 b Ole 4l 6551 40 38 (5o Wilg (o0 55 4 B2

2y oz @il )8 & 5y Joumo (Il (6315 4ol ¢85 51 oy 165 51 i gIlS s o319

WASIVAY : allio Sl oo,

WAVIYID: e wpdy &,0
Sl el pl 255 5 Jsts o ol

Olnh 5= 35 oIS S90S 5 (3 (guwdigee 008N 1 Jghns (g0 gi (LS

Yo


https://dor.isc.ac/dor/20.1001.1.23222344.1397.7.1.5.9
http://ieijqp.ir/article-1-473-en.html

[ Downloaded from ieijgp.ir on 2025-12-08 ]

[ DOR: 20.1001.1.23222344.1397.7.1.5.9 ]

slsal (gaazme pligs (JuS|y sy Pl o ¢ (SLL el

doddio —)

LglmuL..wL.: QA"] Sg>gs el ‘63)‘3| sbols ol ‘ﬁ.}l sl Lo »
b sl sl oS ol Gl el 0ad (6551 Ca e A )3 G
5 il e Gldel> & S 5 B b et ikas [V] b
Sy lapiars wilen 6551 b slaileSS 1 eslial b
i . ' . ‘
ORI el ol g (B slaoysS s (CHP) "wjli> 5 5 lajos
S )3 el 0l gy 6551 S e slagl il (6 iyl
97y (Foliie Sy ¢ 5551 alite Sk (el sl w53 Sl
szjﬂ slols LS)LM)‘L».‘-QA .»))'qu;a QS.M |) 6)L~udu.~e‘) NPy o)lo
Gl pope Gozen Slaal 0pd o Dhge S slados L
o ojgpel [V] Jameciw; sla Sl Lzals L [Y] (solasl
skole 5l glasis 6)L-’“-€f Cow A gdj)ﬂ slols LQ)L*"‘*Q“
ol oled [F] el by Gty 005 G 651 Jols Sl s 55
ngjj‘ 6L“’%“L‘° 6L‘°°“'L’L9 )'1 ng.‘lfl..\> oolazul Lgl;.\g‘) 5 Lm‘s..:)ﬁ
Dyidy (g0 Oy
Cangy OS2 5 0oz 53 9250 5551 Gl RIETL s 5o ]
el o o gu I oslitul b g5l ol drgs b6 lasme
el 0 pdiasass (65, b ) eoliul 4 o,giS 08 2l axg
2 &b (nl mew 16551 Dl @l nl Gllie i ad aSls
S8l 6 pKaiir Oygo 4 3 sloans (o Lol 050 (55 uels
el 03,5 lay
wls o1 o1y s o oS0 (650 el (55501 0 o S i
09> Q_ﬂ 5 oMC)JaA 6L‘°6}l‘““";-.'r9r.‘ 9 63)‘“ sboly cou b el
@ gbe onl o5 Bl il grhe pdinass wle jpa> 0 1,
LngLg‘)’.'{‘)l.J 431) 4 e ‘l.g‘.;‘ 6“5)'.”)'9(). uol:} dLb g;)"ﬁ o|JA.a>
8] el onss (o531 slacle ojs> 5o (Jslite 65,8l ca oo
SloSogll 285 dlaz 5| pisnans glie Gl Ul sprs
SiAl (Srly 28l )ls o slaanie falS (dae o
Slp o 1) 8 M b ol 005uS g glejslS
Lasgs oad ool JSie sdas sl aLil ol jed 4y 55, (gloaSiuts
pasil U doSillognd b ool sloimsi Hezre ndyiaad abe
0092 nly S & el plie ol bags oad Sdgi ol Copalad
sle onl (s 5 ol Lyls a4 piiasass abe sad oJg (5,
[Pl Wsdoo 351 ool iyl S ol 952 4y sl
Sk o (a8 Sl daolSg s (nl e ad (295 00 O )ke
Adgr lei oLl b 95ueS 4y yoie g 0dd (B ran g sodsi g5 Jolas
5O e C).]ax: OIS ie u.:‘ GALN as coul st u‘ ..)o)fsp 03D
e s (55wl oS a5 65 slaptens
el o 45 g il adb onge ) 6550 5ol Sl 6 pReinr
SWie iz bl 52l pdinass e Sek cops &
doolS'y s nl (Bolal (29,5 500 om0 )39 walsS Lo Loy
ahad 0gd o oyl golal cd bl g Slas eolitul poe el

& yuiio g b piol by sy

o by yiolyly Y
t oley Silas
S, S g2yl Slas gyl SSLES
k ol Silas

9,k o Jlazs]

Q

P,.P,

TTo 7Z'g

A

PCkHP’ PTl:‘an’ PBkoil
N ﬂglr-luv

Uggn ' nﬁ:an

Ph Ph Pe e

in? "out?"in? " out

min max
P PCHP

CHP?
Poai + Peoil
Prean» Prven
PRy
R B
\'
Vin , Vrated 'Vout
Pr\;\ied
P\ Pin
pe p29

p2g,min p2g,max
LR

H p2g
P": P

77Electro ' 77Methani

P P

Direct ! ethani

P H> Hy
Tank—ch? ' Tank—dis

nch ' ndis

H, H, capa
PTank ' PTank

ﬂmin’ﬁmax
amin , amax

&

S5 5 Gy a5 3l (5955 551

B g G ea

Sl bS5 (S sl 5l slolis
Shgrg il 5CHP 3 as ls
CHP L5 4 55 5 5,0 2 515 o35
o5 5 kg oo3l

)l o0 é)‘j/ o C)\J u’_i.lJ..S.H 9 L;ZL")? ulf
5500 s ola e ol

CHP (55 o 3SLe 5 poies

Hs Ol o Sle 5 o

o5 Ol e SLe 5 prenies

Jole wiole i bS5 S stl il olss

ol 51 e S 5 5225 il g 5L
ol
ol sy

60l oy dasiine &5 A o Ce

&L ety oSl oy el jlade

3dst ald (liee 5 63k Gepst S Ol Ol
3 Y98l (6995 B Oliee

Y980 6995 3y mor Sl 5 povine

S5 5 5 Y S eadgi (59,00 oliee
il e anyl 3

il b 5 ,5Yg xSl os sl

Sile L (5955 5 peiine 32,35 OFsNed Olee
o S 5L 4 55l

5902 S 55l 5 5,LE 003k

S byl g Gigae S 3l

S 5l Ol perSle g o <l 2

52180 5 5,L8 6551 Oliee a3l 5 ot il p

03900 orianns 82555 ()l5ee YU 0>

WAV el g 5o WWoslecd i Jlo ol 30 Cenbio (59 000 9 S ooy —gole 4,80

¥7


https://dor.isc.ac/dor/20.1001.1.23222344.1397.7.1.5.9
http://ieijqp.ir/article-1-473-en.html

[ Downloaded from ieijgp.ir on 2025-12-08 ]

[ DOR: 20.1001.1.23222344.1397.7.1.5.9 ]

$laSes laols 6550 Cupoe 18 58 4 Gp o jpax Pl SVl v pn

sladel> i 4z o oad hsS Seb jleopsd g9 cnl pa>
St golal (giluding Sou g 005 (o0 Sy 4 (555 btk
@ S5l o el b oS 15 S5le e Fosezm |) bols
g ot bl Sl o il ke oo yge hus a3z G
534 obls andh oo S oo Lol dlie 4 g0 (J S sla it
Iy G5l Cupan Coundg JuS o ysie ol o adlal a5 col
e 30> 53§51 slaols 5l sl b 6550 ole siluae
W8S I8 ein 950 o Shal b axle o 55 4 5 Joae
aneS Gas b L) ol 5l ol 4t gilwaige [V7] oz e ol
G Oiede gz e ol o el ool bl (glo o anie oS
wd Sl jo b LAl 590 6551 slas,se 5l (S Olye
LgbLa..B‘ o] R ‘)1 u.A.AlJ L) f),Lo W )bﬁ";ér.‘ aS Sl o0
S50 WVI a0 50 5551 Sla oyl LB o 55 a0 50 Joe s
Joe pis plosen siluaite [VA] a2 e ol €285 5 4z
Sl 55 Gl ol LB ) oS 5 S o9 LS 0 55 4 5
Al s ey sl oy Olhei S don el osls
B ez oy V] a2 50 @l (nl &0 S (S
d> Cuz G Jase pies 5 G55 ep oSS g Sl i8S

Coabad pae 5 (09 (Bolal Cools Wl S8 St &5 jshiles
ol nibahe sl Shy 5l S pdnad 655 gle 29>
L osibdan o baaashad sae cpl 38,5 lai o aib oo mlio
e 535 Sodly 4 Wlgi oo (YLl (o) slahy; 5 eolinul
pos b )8 5 o b SVlaisl (g ludingy oS DLl S sl
Sy ol g plimass gl (295 Jold plans lacials
pas Jlie o ond il Jas g piailanl cel Lol o Lol

S oo 059> ;0 ol pll sl )57 51 (6 by j0 S0 (ggm
Ll 48,55 )18 (g5ladae 5550 ol S j50 4y e opl GBS 4 5
SSB o B3t Silwe S Bl 5 35,008 it 51,5 O
axgi dy50 S 3l (gl ;o a5 s SUSGl alex 51 59,000
IRY PVEI SR e

b laols aSs (65,1 S e Vet oy 4y ol allis
e Gl33e 43 58 4 G e s 5 (0L Ay aie 0 S L
Joe e dlae cpl jo sl aislo,y (SO aSU 655l 0aiiS o pusd
SB o Oiged ep>d GGl by LS Djge @ 5 4 5p
Syge ik e 5 I 4D A 039,008 peliens 32535 (a0
3196 s end lgie 4 ila Jlom 4SS S Ll o (g5ludos
Aied 08 58l 5 awg ond @l MILP Jas 5 4285 15 )y
Lol ool J> GAMS g j5loags

2 Lol ol e Ol 20 b pdyans sleolSsy adgs
ploojl O b aSl 50 09290 g a8lal a4y a5 (65, el
L eoly s b oolamdl (59000 Olime do oo 5 JUHl bghas
IV] s2s o ialS

Sy 6550 5 Sl oolitul sl oad zrlae laylSal, S
0050 ;8 gt 5l oolaiwl piyasass laolS g, lawss ool
£55 e 50— Bt ool (IS g5l l [A] sl (S 801 (555
dyass SleolSy s g 8Ll a5 (el &g8 (nl 4 —lagl oL
o 00,88 (glo o aleard) G551 6,500 g5 Dyge & o] Ly
Sl Dygo @ o)lgs patie oy ;0 g 39,5 g0 0B (h g Sl
Slaptams ooliiul S9dce )5 Al 4y edel 3 (Sl
e ey JSie o4 S odle 65yl (glwoyed
Sod )l poy aza alS el Wig o plonaes laolss
56 N1 5 el 5 [V o] bk plossl wdSie S ([4] @508
.)5».\

i il gl gl S SIl 65] e0iiSs i3 (gl
Bl jl o0 45 (S0 201 (5550 00 0,053 sl gyl 51 (S0
s ool 48513 4295 590 Loy (oo Ll 5l e g (oole
S o onl 50 55 4 Gy o anld adbiee S5 4 Gp Jas
O3990 Adgi Sl W pdyoe Dj90 (pleerd Vil g Jab Loy
DIYT 05,5 o0 (S (655 sl oolizal b (lee) sk 5570
S 5 Spae b Y Sl 5 @ 5 Jowe s )2
ol (5o S (o R 035500 a5 00, i |y Ry 0
L Giaer slosb o (s5lue s Sl oo 5V 2SIl 455
R eslial 3550 (s3lulie dugp (6999 Slye 4 Wlsi oo @2 5 3l
S aSlss 55 L 8395 O35 wsile ol anld s Sy
DT aS oo o s 905 (0 o5 5

St 50 (S5l ilwe s GGl G 4 5 Joee pitas
0ad ady ple 305 Dype 4 Sl al 0y5le pal s |y 5
@ Y98l g (390 peliae (32555 b dSed & e Lags
@l Sl @ (g nes Gy Al Spdiee S 5 A
@lacudgize sl &Sl ladgl (19,0 G5 oSS s S
S5 390 sl 48)F 3 Gy 0y00 VY] azye 0 45 i
b wlgoe 635 aSed @ Gy Bl p ogdle ¥ 28Ul Lag oud
e S5 adgiil 4 (s ladn 3555 5l eslinul
e SR 95 Sl W8S 13 ) 3)50 Alie (pl o aS 00,8
Sl sl sl 0aiSe S lgie |, 5B 4 B Joe gl &
5 ke St 5 ()5l ale Sjluie zrle (SopSI 530
Mg e Sl 4 (2955l bl S e L sl
3B Aot Sl eslital (VaiS (oo pald 1) plynsaos laelsy s
) Sz b 53 550 05 Sl a8 (S0 S (5550 055
[Yo] sl

\yay uLHmJL’j)LQJ 'Y O)LQMMJLA U‘)"‘ dfwd)5 o;@;emu’.ﬂbsf —u’_olc 4.7ij

v


https://dor.isc.ac/dor/20.1001.1.23222344.1397.7.1.5.9
http://ieijqp.ir/article-1-473-en.html

[ Downloaded from ieijgp.ir on 2025-12-08 ]

[ DOR: 20.1001.1.23222344.1397.7.1.5.9 ]

slsal (gaazme pligs (JuS|y sy Pl o ¢ (SLL el

OF = MiniiQ(Pg (t,8)7y(s) + P.(t,8)7,(t,9))

s=1 t=1

M)

Sl Glg ange ply gl G105 oy anze Y Ojle o oS
Sl ool 48,8 a5 10 i A (69959 315 A je adlol 4y (604,59
oad ab S Sl s allyy) Syse gl o ley 4l s @
Bro 4 55 cead ol b oS s i 59, o 0 55 Cad g ol
9 0y 3l 2B Dype @ Gn Serd (Jy eyliw (ol g0 4
ol 00 QL..) BJ)lMA,

Wlase 598 —Y-F

R azsi 9550 Wb oS enl (5098 (Sl S (gL At Alee
s 2yl BB nj O )go 4 jeiie 9908 NS

&5 Lo cymoli - ¥
Lol 590 (55,51 a5 Al sl 4555 4 Wb la o 50 (655l adg lie
253 2l a4 6995 5551 e S Oile & aled el ) Clo
BLIS ‘) 093 u)L..C ) SYolro Mla ;B).»a.a ),3|).3 AJL‘ ‘6))"‘ O Hygo
Wil oo 5180 ola
k _ pk ge k ee
Pe (t’ S) - I:)CHF’ (t’ s)r]CHF’ + PTran (t’ S) Tran

Y
RSP, "
Phk (t,s)< PCkHP (t, s)f?é’ﬂp + Pgon (t, S)nggil -

R R

out

5 S a5 gl Lol (eols (so3) 8 (1) 5 (1) 2¥ols
FYo ay a5 el S B adlwls o lo ole o 0l ol
S e Wl oo o sl oS (531l 5 2 el 8
als oals adgl Gl S Gl 0 Sole @ all o Lol e

"")"‘Q" o .u" ‘5';'5 *59-*-9 —Y—Y—“
B 6o oy 3y30 053 jlome 03gamma o il la 5l S
el ol aligh 5 Yol )0 Sl sl (8 9923 Gl S

min k max

I:)CHP < I:)CHP (t’ S) S I:)CHP ®)
min k max

Paoil < Paail (t,8) < Fagi ®
min k max

P‘I'ran < I:?I'ran (t’ S) < P'I'ran )

] LS (S e ) Dygo 4 Allie dslol
el wSlop 5B 4 Gp e phe o2l oy 4 T A5
13 1y 5 50 VI (sl gy Opepa T i
90,5 Sy (il el 3550 s S (Bpre 4 T S ]
05 i Bl el oad 41 0 Lide 10 b (3le dend ol b

Ll 00ls 03lo plais] dlae (5,5 axs

Bt T e e

b o S A Gran b @ Gr Jae pee 6 dsgee
ol d3lon o b g Gigyed adg 4 olend VLl g Jad
4255 990 (S (655 Sile 05038 Dlgie 4 Wil (oo & s
ol 0als ooly las (V) S j0 0,5 1,8 colaiulg

l Elecuicity
~% » Electrolysis
: H2 l
| H2 Tank I
co2 | L
———— Methanization

Natural gas

36 @ @y Jowe poww Slls ) IS

b Y980l 4 (53959 < ol el ala>dlo LB IS5 y0 a5 jshailon
20,5 (oo Jol> Gigde g 09h (o0 e (S0 S (65 5l eolana
P B 0p3d Sigie SIB o Wl e w2 s i
@4y bowly oo w0 13 oolital 5590 0)Ls po) @
w2 9 09h B1)) 4 & (3 ASD )3 Sezge ()90 Cadguee

etls salys 1) e 4 Lo colbls

Wl (25U 5 (5 3Ludiro -

s 28,5 55 50 b ool 1 (St (gjluannge | (S (55lde
Lol L BB 5 S ygo 4 55 4 B Jowe

Sas b -)-Y

IS Gulom oy auie 505 aiwS Gl 0,50 gile Ay Sus

WAV el g 5o WWoslecd i Jlo ol 30 Cenbio (59 000 9 S ooy —gole 4,80


https://dor.isc.ac/dor/20.1001.1.23222344.1397.7.1.5.9
http://ieijqp.ir/article-1-473-en.html

[ Downloaded from ieijgp.ir on 2025-12-08 ]

[ DOR: 20.1001.1.23222344.1397.7.1.5.9 ]

$laSes laols 6550 Cupoe 18 58 4 Gp o jpax Pl SVl v pn

PP?9(t,s) = P™ (t,S) X Mgectr O

Pszg (t’ S) = Plviihani (t’ S) X 77Methani an

PH2 (t! S) = I:)D|-i|r2ect (t’ S) + PNT:aihani (t’ S) Y

+PT|;r$k—ch (t,s) - PT:rfkfdis (t,s)

el ¥ xS 29,5 699,9 50 ole Jole [Slas (VY) dloles
Ll 5 o5 o0 ole ) ilo b sl ply Jolas (VF) dolas
) 52¥9 58Ul Lawgs ol adgs (59,008 6551 Gl 098 (V) Woles

3l (o0 )3
o Sibw ooly sl 0,58 SO Djse 4 AT (50008 SOL SYolee

S5 g0 4t OV 1 & (V) by, &g 2 00,5

Pz (t,s) =Pz (t—1,5) + (P .. (t,8)x77,,)

Tan| an
_(PTgrfk—dis (t,8)/ n4s) (%)
i H,, H H,, \0)
PR < Bl (15) < AR

min pH, ,capa H max pH,,capa
" P e < Pranan (6,8) S @™ B ™ 0#)

a™ PT';rfk'C&pa (1/ ndis) < PTI;rfk—dis (t’ S) <

H,,
a™ PTar?kcapa A/ 74) Ay

(10) 98 ool (359,900 SSB o (55,1 sl sl ;S3ke (O F) alolas
Ll g &S oo mendl 095 jlre odguse (o | SSB (g,l0 0 40
Wik o018 ) (S50
368 (nl a8l 993 slme wx 5l i Wl 2SIl 4y 0l Sy (655
G 00 O'))ST (\A) d.]a;‘) Be

p2g,min p2g p2g,max
pP2emin < po2o (¢ o) < p O
O30 )5 Cadgise 38 aS Cowl o3Y 5 (giledoe cnl Lol o
087 995 (o Bl s (nl a8 (nl 055 18 azgi 050 Sl 4
SO el o I Al U 4 e 9 5l G 995
258 (5o )18 Sudgaze pl (V) alal, bl Ly 005 (oo L gl

D)

<¢ (\9)
(t,s)+P, (t,s)+PS*(t,s)

P

Direct
. - . v o f

Sy oals a8 )8 LA o e Cond DMl &)l a4y ise ol o
oo o ol 00l 00ls LS (V) UKo j0 a5 jshailen 048 o0

090 Olypzs 6)l0p oy sl Cosgame Kby (F)-(F) Volese

L o s Dbl bghs -Y-Y-Y
5 55 ol g o ol i bl sk ol allis 3
5 oSl egs 5l am (o550 bghas ol 28 blod 5l el oo 48,8
oy 5 Ml a5 aiiee Jlnl cosgamme sl (ol T ge 5l ax

Cudgaze oyl Kl (A) 9 (V) SYolae 85,5 (1,8 az g5 0,90 (5,0

S b
|PI(t,5)| < P ™
RI(t,s)| <P »

&b o ygs —F-Y-Y
wd)S 5l 0 pdvanans 55 e Ol 4 g3k g i al o
D8 50 G Ol A ol S s bl Sz ) alal) el ol
PO IS BN ARSI T B S SPUP OREIN PSN TS0 B AP

Dpdy Dyso Bl O a4 giladoe Ul oals aid 3 a5 o

0 v(t,s) <v"
pw v(t,s)—v"

P" (t,5) ={PY g v <v(t,s) < v

\W
I:>rated

v(t,s) > v

Q)
Jodo @ 55 ol el b g0l oy adgs @had (ISl ol allie (o
ol o a8 5 L s (S SI g5 )l eel 0 ol eRedi e
795 by (oSl ol a8 ek b ablie gl el ol

oS Glg Jolas 0l ply el oads Blod ool (y95 yeiiie
(V) aaly Sygo a0 lo Ola a0l @ 5 aS0S 5l (g5 0959 Jome 50

PVIRVYPES

K
P.(t,5)+P" (t,5) — P& (t,s) = D> P (ts) 0o
k=1

3B @ @2 Jouo pww -0-Y-Y

S sl b G & G e (S (855] 008 058 s
Gl psie a5 Cwl p sl Lol gildae BB 5 Y olee
Yolee 05 widles gyl 51 ool 50 8 4 G Joue e
SYolas ol ol oo JSias ise diz 555 4 5y Joe e
FBAOYLE (1)) OYolee &ygo @ a5 Gl e J&1o oles Jolss
Sl (g5l ooly

\yay uLHmJL’ﬁ)LQJ 'Y O)LQMMJLA U‘)"‘ dfwd)ﬁ o;@;emu’.ﬁ&sf —u’_olc 4.7)...«.:


https://dor.isc.ac/dor/20.1001.1.23222344.1397.7.1.5.9
http://ieijqp.ir/article-1-473-en.html

[ Downloaded from ieijgp.ir on 2025-12-08 ]

[ DOR: 20.1001.1.23222344.1397.7.1.5.9 ]

Price (cent/kWh)

Speed (m/s)

sbilsal (e pligs (JoShy auzg P o ¢ SLL o2l

V) Jsoz 50 g sibe and sl el )l el ool odes  Bolas
o Sl Jols belas olal giludan lp cwnl ool ools lis
aoye VY (SSllax 5 ol S ax cbohs pl ool 50 b Gla

O PR uo)s
740
72
A1 ] -
I H
66

=1

|
12 14 16 18
Time (hour)

Glizo gy jLw jo 0L ce o O JSSS

S5l Cape 2 5 @ Gp Jae e Sl Yl o) 6l
Ll 00 43|)‘ cJ> 99 6‘]} Al 6))"‘ UJJJM GL_: A uL‘b ALMJ

Ol )3 59 555 4 Gy e 9929 b s s

—Hub #1

2 4 6 8 10 1 1 15 18 2 2
Time (hour)
b ol (oMl )b FJss
500
400
300
200

Heating load (kWh)

-
=)
S

. . .
2 4 6 8 10 12 14 16 18 20 22 24
Time (hour)

=)

Lol J)le al L.V s

G e a5y s 5 e 531 Jol Sl b s e ol
G o Sl sas a3 s o Ol SO laie w50 38 @
2 el oad a8 )8 ) 5 SeSe Djgo 4 ld 50 5 Srio D jse
Ay S CHP sy S o S pSUl gl il 5 S5 Jols oo
Ol odg 5l cend o Ola L L awslie o o] S5 ez Lo @

B9d (oo @had Bpan g 0y ol )10 sl

L Electricity
-2 transmission
-

Heat transmission
- — -

Electricity

s oY S

S alisy Cwdd Gn ol Cand wcoabd pas Gl slaylly
Glp sl o a8 5 b 5 6550 slalolss 5 el ;o 10 0L S s
bl goybow VeplaS 5o gl o it cnl Jloiat (g5l
Cdge gy 3l oolatwl b g )liw l oals 43§ a5 o LSS Jlaz]
S s liw Glp ) G ssle Crnd (V) IS .l ool slowl o )18
(F) U5 50 500 518 Coand GliBin slogy )l ams oo lid alizes
Gl gl gy liw g alizes Cael jo ol G s sl 0uls ool lis
el el BB () S 5o 5

141
—r—
13- —
12 _ BN
|
1nr —_—
1 =

Price (cent/kWh)
|
|
L;!,ll

“ [H i
S I
ﬁ\lﬁﬂn

J

I I
6 8 10 12 14 16 18 20 22
Time (hour)

alizo gy sl 50 3y (el Cowond ¥ G

M) 5 ) IS8 50 Sla o sl (selo aly obe)S 5 (Soxsdl L
&b sloolaiul b el o p0 da )b slagy lw .ol oals ooly lis

Oype 4 5l dop3 Ve lae Sl 5 b b eSle 5 Jloy

WAV ol 5 )l VW o)leds pie Jlo ol 30 S (559 0502 9 SokeS (SS9 — sale 4,00


https://dor.isc.ac/dor/20.1001.1.23222344.1397.7.1.5.9
http://ieijqp.ir/article-1-473-en.html

[ Downloaded from ieijgp.ir on 2025-12-08 ]

[ DOR: 20.1001.1.23222344.1397.7.1.5.9 ]

$laSes laols 6550 Cupoe 18 58 4 Gp o jpax Pl SVl v pn

syax 0 &S el @l glo gl (b pdy spasd oy glad
a Seals cpl il 005 o als asye YYWIA 58 4 G5p Jow
S 6xSslr 5 00l plowl (IS il I ity az jo oolatul gl
el a0 Ly 85 el adei (65,5 DI

Gl e (oo plis 1) calitee lagy L ;o adgs @B Gliee (A) SO
5 st 5 sl |y el YE (b o a5 ol ggame olee JS5
odd ooly lid JSo j0 a5 AgSlen iS o paal 4 > g0 2
9 ey W are Slile (6551 Brae L5 4 G p e sl Sl
kb el Eel gy S 50 0233 L 58 Djso 4 ] s
20,5 (o0 Alitie slag liw )3 pdy oo s

12000~ —With P2G
— Without P2G|
10000

3

=]

=1

>
T

Curtailment (kWh)
£ 3
8 8

8

=3

=3
T

=]

._.
(5]
w
N
w
(-
<=
oo
-]
S

Scenario

Py s b adgi @dad ol e A S5

oy Sy b (655l 0959 liee (V0) 9 (1) S
ol b JSE ol o 4 aisSilon s e ) ilidee sla g9l
by 635 6551 el el 55 4 5 Joue Hpa> Coul oad ool
Gy 0 o 3 a1 Gl ol I Sl g Joe
63959 S5 e 15 00,5 Salsss Slaiz Slds (5955 A Sl

Dol ..\m|5>' Ol s oz & adgs asls! )'l I) Ryes

14000 i P2
— Without P2G

2000 -

10000 -

Imported gas power (kWh)
s
g
T

=N

=]

=1

=]
T

4000 I I I I I I I I |
1

Scenario

b JB Al 51 (69959 638 85! oliwe A S

7500 gt poc
§7000 — Without P2G
§’6500 F
g
86000 -
B ss00f
§
<5000
5. | |
84500
E 4000 -
1500 | | | | | | | | |
1 2 3 4 5 6 7 8 9 10
Scenario

Al 31 (69939 G oo e SISl

Sl dmd sla il sl N Jgu

Pl lade by slade by slade

Ugilp A PeTjaX Y. s /140

ng:'P . /f hmuatx Yoo ﬁmin RN

nggn “IA v ¥ L0

77_?;“ </aA Vrated \. amin .

pcn::; . you Yy o™ -IY

Pcn:'a; O Peng,max Yoo PTl;iék,capa B«
Brg:r o Peng,min . & o+
Bn;?lx Bos Terectro N

PFT;E : 77Methani “1AD

PFT:: O Nen <140

el o a3 )5 ks ys ceel gl

o bs 3T -0

sl o 5 a4 Gp Jaee jpax 36 S)5e ,d Con a
oas @) (V) Jgozr 50 (0] g 5 Joe 1) oad a3 5 s o el

g0 2 (5l g5lw el S Y Jgu
alyly Jol cdl> pgdcdls | wuoys
(Jowo ) (Jom L) ol
Bas @b oljee VYFV/A VAYED \SIY
&
Gyt e eSilee 03 F) DAYy ¥
aSd 5l 69959
kWh)
I e cneSilie VIV AS$¥ YEIY
aSd 5l 69959
kwh)
s e Sile VSN E 144) YYIA
FIRVIRVRC SRV
(KWh)

2 Gy Jowe jeas ol odd ools Hlis (V) Jgaz j0 a5 aisSKilen
Ao anse Sol anudlys (SO S 65l sl 0SS plgie 4 18
olatwl Judo 4y jals (pl o rals ao o YOIV ) pivs (g)lo g

085 el sl (] gl pas gl s ate sy 5 e
el yal )b sl ol Gauad pi o S5 @ 5 Joase jea>

\yay uL».nmJL’j)LQJ 'Y O)LQ.MJMJLA U‘)"‘ dfwd)5 oﬁemwsf —u’_olc 4.7ij

a)


https://dor.isc.ac/dor/20.1001.1.23222344.1397.7.1.5.9
http://ieijqp.ir/article-1-473-en.html

[ Downloaded from ieijgp.ir on 2025-12-08 ]

[ DOR: 20.1001.1.23222344.1397.7.1.5.9 ]

500 |—CHP #1

» oz H 51

Exchanged electrical power (kW)

Exchanged heat power (kW)

slsal (gaazme pligs (JuS|y sy Pl o ¢ (SLL el

2 ol ad S s o sl g0 j0 b CHP a0 Shee (5 09
odls Hlas (V) U8 5o USG angey o,8ee () ol 00,5 gglas

el 0

0 L L L L L [ A N |
2 4 6 8 10 12 14 16 18 20 22 24

Time (hour)

(O 99,tw) <l g3 o 53 b CHP aige 5 ,Slos IF JSo

sl S5 50 5 b Sle o b 350 bshs )0 (6551 Jobs og
B4 Gp Joe jgas pae Sl (o el ssmlin LB (VF) 5 (V)
= ome &5 e F e 4 Y le bS5 sl Ls )
ools lise 4 b IS ol 0 e polie a5 cewl oy oS

ol 00 By 2 s S Cg> 50 (55,

e #2 10 # 1 (with P2G)

200 - i —#210 #3 (with P2G)
1ol #3104 1 (with P2G)

150 F 1. —#2to # 1 (without P2G)
P

- #2 to # 3 (without P2G)
- - #3 to #1 (without P2G)

100 - F
0 H H H

=50

100 I I I I I I
2 4 6 8 10 12 14 16 18 20 22 24

Time (hour)

(O 925L0) L Ol o (S 2SI G551 JOLs VO S

120
100 -
S i R
60l
—#2 to #1 (with P2G)
40 —#2 to #3 (with P2G)
= #2 to #1 (without P2G)
20
0
20 I U
40l
| | | | | | | | | )

| |
2 4 6 8 10 12 14 16 18 20 22 24
Time (hour)

() R)M)ngbw‘s’.l.o)féj)ﬂ Jols N0 Sl
oy anyp p ,p¥e Sl Cud)l BB el Glp ol coled o
ol Siles a5 O UK sl 48,5 & g0 Camlae BT SO sl
Codyl ol (DlgelST A e pze o aS ol e ol ol 3G
anlgss ol Al (600 0p a3 (6l e Ly &5 5V STl

bl

) ol Sjge @ B @ Gn e by 4SS 4 P K
ol 0als o0ls iuled (VY) 9 (V)) UK 50 508 59,008 ¢ (omeb
O399 B2y Cudgaze Jds 4y g ol o)Lil iy &S 4igSiles
)13 Sl whaw 5o Gk cnl 5l P 655 Gl peiites
IS8 ol ez lo JSCs (VL slaws Jdo 4y oS el S5 4 05y

ol 00 sy O 3,k (6l Lais L

w

=]

S
1

gas (K

w -
=3 =3
o o
: :

Injected natural
g
T

—_

1=

S
T

| | ] )
2 4 6 8 10 12 14 16 18 20 22 24
Time (hour)

(8 g2,bw) Jouo brwrgi a8y 4y (o535 515 oo V) S5

=)

Injected direct hydrogen (kWh)
& o w = B =
T T 1

[N

. .
2 4 6 8 10 12 14 16 18 20 22 24
Time (hour)

=)

(O g25b) Jouo g a1 () 5 950 (3l3me WY U

Sl oals ools HLas (V) UK 50 50 59,000 SOU dige o, Sles
o Ol Too & el S 023 s Sl ss Sy o5 JSS ()
ool cely adge 4y 5Las g 50 5Ls L SOU ol 4l pl a5 WS

50,5 oo 50 05t A3

250 -

— — )
(=] W =3
5 3 S

Hydrogen tank level (kWh)
I
(=]

.
2 4 6 8 10 12 14 16 18 20 22 24
Time (hour)

=

(B g2,b) g3 SSU (65531 gelam Ol ud 092w WY S5

38 Bro Ol sl ool e la w9 ok olaws Lo 4
oo o b3 o (6531 Jobs 095 g b CHP aigy o Slee (25
0556 « Ll 135yl 5l oolainl b a8 sl oy 005 o Sl e Cla

el gyl BB 5 Oliees Ko L

WAV el g 5o WWoslecd i Jlo ol 30 Cenbio (59 000 9 S ooy —gole 4,80


https://dor.isc.ac/dor/20.1001.1.23222344.1397.7.1.5.9
http://ieijqp.ir/article-1-473-en.html

[ Downloaded from ieijgp.ir on 2025-12-08 ]

[ DOR: 20.1001.1.23222344.1397.7.1.5.9 ]

$laSes laols 6550 Cupoe 18 58 4 Gp o jpax Pl SVl v pn

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

generation." IEEE Transactions on Power Systems 31.1
(2016): 304-316.

Aalami, Habib Allah, and Sayyad Nojavan. "Energy
storage system and demand response program effects on
stochastic energy procurement of large consumers
considering renewable generation." IET Generation,
Transmission & Distribution 10.1 (2016): 107-114.

Khani, Hadi, Mohammad R. Dadash Zadeh, and Amir H.
Hajimiragha. "Transmission congestion relief using
privately owned large-scale energy storage systems in a
competitive electricity market." IEEE Transactions on
Power Systems 31.2 (2016): 1449-1458.

Khani, Hadi, Mohammad R. Dadash Zadeh, and Amir H.
Hajimiragha. "Transmission congestion relief using
privately owned large-scale energy storage systems in a
competitive electricity market." IEEE Transactions on
Power Systems 31.2 (2016): 1449-1458.

Schiebahn, Sebastian, et al. "Power to gas: Technological
overview, systems analysis and economic assessment for a
case study in Germany." International journal of hydrogen
energy 40.12 (2015): 4285-4294.

Gotz, Manuel, et al. "Renewable Power-to-Gas: A
technological and economic review." Renewable Energy 85
(2016): 1371-1390.

Clegg, Stephen, and Pierluigi Mancarella. "Integrated
modeling and assessment of the operational impact of
power-to-gas (P2G) on electrical and gas transmission
networks." IEEE Transactions on Sustainable Energy 6.4
(2015): 1234-1244.

Peng, Dan. "Enabling utility-scale electrical energy storage
through underground hydrogen-natural gas co-storage.”
(2013).

Maroufmashat, Azadeh, et al. "Mixed integer linear
programing based approach for optimal planning and
operation of a smart urban energy network to support the
hydrogen economy.” International Journal of Hydrogen
Energy 41.19 (2016): 7700-7716.

Bucher, Matthias A., et al. "Modeling and economic
evaluation of Power2Gas technology using energy hub
concept.” Power & Energy Society General Meeting, 2015
IEEE. IEEE, 2015.

AlRafea, Kamal, et al. "Integration of renewable energy
sources into combined cycle power plants through
electrolysis generated hydrogen in a new designed energy
hub." International Journal of Hydrogen Energy 41.38
(2016): 16718-16728.

Guandalini, Giulio, Stefano Campanari, and Matteo C.
Romano. "Power-to-gas plants and gas turbines for
improved wind energy dispatchability: Energy and
economic assessment." Applied Energy 147 (2015): 117-
130.

L gy )

'Combined heat and power

"Stochastic

ol

x10°

Y9 Sl pxo sy Camlus ).JbT BRI

S5 A —F

53 S S 655l sl 038 G lgie s Wlg 0 58 A B Joe

g o5 a5 |l 0 g 0,8 13 colatul 550 b Lle 4SS

JERURVRE 63)3‘ Cdyae g AWl YL JERVIRNVNC) é.gL}.A

2 phisas olile 55l 033 b 5 4 G Joe wiled 6559l
aie Sl e e Ggpaee S s (T eSS by 55 e

&5

Cope el guyp b alie (a5 00,5 o )0 oxe

yeam a5 b ool lis G w4 50 Joe jeam 0 ol Al Gl Ol

&l

ahad lie 9 o 3 VEIY U ) (5)l0 5 0500 4o Wilgy o Jous

S 55y 2 b il et ams 2alS asys VWA B iy sass

(1

[2]

(3]

(4]

(5]

(6]

[’

(8]

A plsl GAMS 1581 6 5 avgs g il o> piaas Cod

&=y
Favre-Perrod, Patrick. "A wvision of future energy
networks."  Power Engineering Society Inaugural

Conference and Exposition in Africa, 2005 IEEE. IEEE,
2005.

Vahid-Pakdel, M. J., et al. "Stochastic optimization of
energy hub operation with consideration of thermal energy
market and demand response.” Energy Conversion and
Management 145 (2017): 117-128.

Pazouki, Samaneh, Mahmoud-Reza Haghifam, and Albert
Moser. "Uncertainty modeling in optimal operation of
energy hub in presence of wind, storage and demand
response.” International Journal of Electrical Power &
Energy Systems 61 (2014): 335-345.

Moeini-Aghtaie, Moein, et al. "Multiagent genetic
algorithm: an online probabilistic view on economic
dispatch of energy hubs constrained by wind availability."
IEEE Transactions on Sustainable Energy 5.2 (2014): 699-
708.

Rastegar, Mohammad, et al. "A probabilistic energy
management scheme for renewable-based residential
energy hubs." IEEE Transactions on Smart Grid (2016).
Muruganantham, B., R. Gnanadass, and N. P. Padhy.
"Challenges with renewable energy sources and storage in
practical distribution systems." Renewable and Sustainable
Energy Reviews 73 (2017): 125-134.

Masuta, Taisuke, et al. "Application of battery energy
storage system to power system operation for reduction in
pv curtailment based on few-hours-ahead PV forecast."
Power System Technology (POWERCON), 2016 IEEE
International Conference on. IEEE, 2016.

Sedghi, Mahdi, Ali Ahmadian, and Masoud Aliakbar-
Golkar. "Optimal storage planning in active distribution
network considering uncertainty of wind power distributed

\yay uLHmJL’ﬁ)LQJ 'Y O)LQMMJLA U‘)"‘ dfwd)ﬁ o;@;emu’.ﬁ&sf —u’_olc 4.7)...«.:

oy


https://dor.isc.ac/dor/20.1001.1.23222344.1397.7.1.5.9
http://ieijqp.ir/article-1-473-en.html
http://www.tcpdf.org

