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Abstract

Background and Objectives: Energy losses in oil and gas refineries can be converted into
power using organic Rankine cycles. The present study focuses on optimizing the organic
Rankine cycle with mixed working fluid using particle swarm optimization.

Material and Methodology: Energy losses in oil and gas refineries can be converted into
power using organic Rankine cycles. The present study focuses on optimizing the organic
Rankine cycle with mixed working fluid using particle swarm optimization. For this purpose,
two different cycle models are simulated in Aspan Hysys software and these models are
optimized for the objective functions of energy efficiency and total cost rate. The simulated
cycles are: simple Organic Rankine Cycle (BORC), Rankine cycle with intermediate heat
exchanger (RORC). The exhaust gas heat of the refinery outlet gas cycle is used as the main
heat source in the cycles. 10 fluids are selected and the pure state and multicomponent mixture
of these fluids are used as working fluids with an accuracy of 0.1.

Finding: Thermodynamic and thermoeconomic analysis are performed for each cycle and the
results are compared with each other. The effect of different working fluids, pump inlet pressure
and pump outlet pressure on the cycle performance is also evaluated. The choice of working
fluid affects the thermodynamic performance of the system, because a significant difference in
thermodynamic performances is seen in a cycle with the same conditions with different working
fluids.

Discussion and conclusion: The presence of an intermediate exchanger reduces the destroyed
exergy of the condenser. It is also observed from the results that increasing the condenser inlet
pressure has a negative effect on the thermodynamic and economic performance, and the
thermodynamic performance of the cycles increases with increasing turbine inlet pressure.

Keywords: Organic Rankine Cycle, Thermoeconomic, Exergy, Particle swarm optimization
(PSO)

1 PhD Student in Energy Systems Engineering, North Tehran Branch, Islamic Azad University, Tehran,
Iran

f Professor, Department of Marine Physics, North Tehran Branch, Islamic Azad University, Tehran, Iran
(Corresponding Author)

¥ Associate Professor, Department of Mechanical Engineering, Faculty of Engineering and Technology,
Central Tehran Branch, Islamic Azad University, Tehran, Iran

* Associate Professor, Department of Marine Physics, North Tehran Branch, Islamic Azad University,
Tehran, Iran



[ Ny byloo Jole Jlouw b ol ¥y (ST @)l (655 bl 3l (JT (Sl P (g 5lwdionte 3 (55 bwdnd ]

5 Sla> e g0 15,5 L ORC JSw wisls las calises
|y Saolizogos 8 Shoe o ymmslio R141D ¢ R1T oYL
ORC S jlz a5 5,5 oLl [Y] o Ken 5 o6 )l
A5l eslitul b Scoadly - (55 05 5 Sl (25 5 b sl
R236fa 5 R113 Jlw 45 5,5 o)y cilides oo Jlw
gloadly Les axtdls 1) (6550 pleadly 0 %eS 5 (n i
S Wl oo il Syl - (35 5 Jels ORC 51455,
e Joue 0929 36 [Y] oL Ken 5 ooljaame il 5YL
azr lawlie 5 Jlod 08wy ORC S 0 1,
ORC e 35 sl BB (arme Cenj 5 goladl o555
3o Glas ple S ey S S5 b Sl Joe L g ool
9 1P 550 plesdly wpo ¥ agaz Sl Jone 092 &5
Ao, VI s g a2 o Lol | dnie # 5 do o ¥ sg0
Db s Jsenre ORC & s CO2 jLil ol el
el S 51 555 Julos 5 4529 [F] ogalyT 5 i
L o Seabungay 5o 5 Jsl oelsd ool JT eSSl 0
gl wis,s ole ) Jele Jbw olsie 4 R113 1 asliza
033 (yedr Pk 5 Sy s L ORC a8 wisls ()lis
i opl 4 oeizmen gl s 1y 5581 5 Sl
Sl IS 55 65,51 5o (hol ot H55lnll a5 wloa
5 JP6 b dee elnldl jlad IEH L Wl oS
5,5 3] lae Wiz aigy ORC ol ¢l [0] o, Sen
ool o olazdl glo,le 4 azgi b aziils aad lay]
5 sl dole Jlow 5l bapTaiss” Sl oSy o )~
S 5l ool a8 ol ol b s, sslinl R134a
@B 5 @8 solaill g (8l sl g ce (05 05 i
SV,

9 linle 0)lo GuSly S 0 Shas )0 (gope 25 Jale Jlow
Seoliadgey 5 (Sand Shogas Sy5e yo [l o) Ken
abe 3Lk sl ORC Gl Glee ze oYL I (S
1, Seelunge 5 b byl ols alowl Slagizs 331 g5,
ezt gl S alie Jole oVl 51 S0 j2 ol
ol pae ele Jlow Sl Gl 1) (Ld=s sl Lo
[V] o5 5 ool ain S olo (Seslioge i lasuin
aee 4w gly ORC S o Gilisee Jule oVl
5,5 oolawl (ol Xl axj0 YO+ 5 VY A0) LS
dole Jlw sy 4 byl 5 R1234ze R1234yf
Sl azy0 N0 5 WV e b5 a6l sl
el 53 ORC S (55luand LIAL o Sen g oo
@ aryg LR21 Jlw ol y oglle Jole Jlow olil 4

doudo -

(&) o g (siaio sloanTb aile oo )15 5 (ks
Ngdso 97 D p)S Selopd g (IS Gl glaygige
o S Sme oolaiwl (gl (AW Oyl cpl Gles
4 S %S los aden (BT Ol el o5 Lo
Oyl 3Lk oyl Lo 51 5VL sles 5 (ol (6551 g
@3l by 5 (BT o)l ol o a8 ol ganlyd (B
g 0 03liiusl (5 aske Sloo )5 (gl laps o

9,8 g dab Lo al 44z b ol o |y 5L mlio
alie YL L ol Kl a0 £0- YL sbo gl > ale
a0 £ b ol Xl az o VY lhuge sl o))~
L oolXetle az )0 YV ol oo (5l wle 5 ol Kle
S gads )5 G5 gledily 4 azg Lol S
a5 LoF e m Lo OM3 b censline _Senliyoge s
P e sbod azp oS S e nlple el Sy
AT edl Gl bced YL 55 s 033l s jlic
2 LS Sbik sleo )8 sl esile (ST ()l abe
ool (S inlpl it Gl 5 bwgte gles o3g05re
Codgazme Jdo a4 by gles o (B o>l oLk
il leis Sesliyogeys sla

S5y (W &yl cdlsh o asliy jo 50 (6,500 O
g5 s K305 bl 5 Loy alie ol los b aS s s
Jb Sl JEE ol Gl g 0lse slo Cosgaze da
5 Pk ©9re 5 e I pleeed OS5 (fele
e O)lge S0 5l e 3 50 50 (sl Dl (g5l el
Slse ol g opdle cesl MW &yl m Bl ) eslind
CS g Sl alex 5l )ls g0k SLlye (S &)l > il 5L
L e Sras Srae $55 Qe Oled ln S
Congy bapme 4 6yeS ol CO2 o5 luzil o
Sl ays 6laylE gles 5 e a5 bl ) wile,
Syl Capde Sl sl 5 alopw auie b
s a5 (29,5

Wl @yl S8k sles )5 sl 6,9k iz 4z S
5 o0 @y 3l ORC) T (Sl IS sl o solicid
=8 I oSl SN adle lasysls o pas iy
ol Ul olsie 4y JT VL 51 a8 ol (oS0, S
LS e solid T gl

ol 45 8 5 enslin S il gl (g0l Slalllas
35 o )al N lSen 5 65 & Olsion o] o Fe ) &5
e Sy wsle ORC laSew giluacey b &S
Jole Jlew 751 oslinal g glal> o g0 (25 05 «slal> e



[ Ol 9 gaouws ol

VEoF olo i OB 0 loid s ; Lo (55009355 g pale e ]

» Sessss Vo Jeily DF] olfSan 5 Jsi
oy oml 4y (Sl sle S oL 6l ORC S
ool Jule Jlw plgie @ 1) (52 vz (bolxe g 08
b bglseo 5l oolizul 51NV () Ken 5 o 0,5 3,me
A oz om0l S 5o ele Jlews olsie
4 ol Xale a0 Y05 V0 0 ob)F sl sl sls
Al Jols 6550 Gleddly jo gawe,o £ gV iuliEl s
Yl 3 eolizul L 1) ORCs o Shee [VA] )l 5o 5 K
35,5 lin SeagisSye 3 oSags 5l gl 5 alls Jole
Skt adion bylie Lol oVl a5 wisls olis byl
58ee [VA] o5 5 55 5yl Lalls sladiges 5 (5,20
sloygise 51 (S Ol Bl lr Sesie; bl
oS wiols i by i) Jobow g 4y |, A3ls gl
SlSas 5 55 A o IS Al Jlow 51 g o Lol
b 4 Wi Saps sty slo bylia 45 5,5 o)L 1]
S o 035 ORC (255 adg (lidl cely gy JB8
b oo I Sliagas (IS le e plejen sk 4 oS
S 1571 S 55 UL S s SragisS ol
Sy b I llen 5 (558 S o s Jule Jlows
551y oS5 S (SeagisSlyes Ll 4 SPECO
@iz slo Jow L (GT-MHR) Ysos 55 0,5 poude
L 3 RORC) lw Jaw L (BORC) ool ORC S
as ol las s .Sl (SRORC) gl o S (5 555
GT- 5 (pywS GT-MHR/SRORC .55 JSw
g odd odg olg asly auje op i MHR/RORC
5 YL GT-MHR/SRORC RUCTINY
5,08 1y 65T o, e oS GT-MHR/RORC
Ol g slp 1) calizes sl JSms [YV] IS0 5 3590
SaagisSlyess 5 Saalsga Sl oS oo 555 5
SeogisSlge s LT gl SPECO (29, 5l 0,5 aunlie
99 JSow a5 ols lis gileaigs 5l G gl g o ool
w3l ORC IS & o 1) g ol (it gLt
LA dSes 5 00 LS JSes 5 (b 59 ORC IS
Syl 1y A e axly Jlade o e

S Sanlyogas slo sl Y] f5as 5 bl
as ol plis bl s S ey p 1, ORC 4 558 oS5
o Bl Gl alaime 1o (65 ST )5 Oliee (e
5 el ops VoI S SpegisSTes Sl il
S5 ooy fals cel ey 6095 LS 8l
Er 5 &St pleady [YF] (lSen 5 lodlss 09 0
ppssl L ORC 5 (55 (S5 JSem sl | S anpe

ety clin oy Ol Judo @ QLS (e Ll
L ORC JSw siluwange o [A] o en 5 osSs o
g S R-I1 T o a5 sy dilisee Jole Jlw
Uigh opl Lewd aunily 1) sades olgi op i R245fa
) 0l 3L 1, 00 g 35 (85551 55 1 ama (slas 5
Gl glabes ;o 1) ole Jlw cpaim [Ve] olKen 4
oojk 4 wdlys g el I8 ey 3j5e sl
5 ol s ol L SVl o e s eaiS s
Do dalez diion Wigd oolaiwl

21y dilkise Jole Jlaw Ve 5l sl [N ol S 4 sl
Loyl jo ad)F azs 5 wio S adllae JSew o Shee (s,
Sy & (IS ()l Jae (59,5 Lol oady aid 5L o
S e Sy primen WS gei (oS S 5 5Los
o site T-S logas jo lagl gladl Jbu gomie s
O S 3 9b dele3u 035l Gl Bl el Jlw 955 S g
s el lae 4 R236€3 55 ool dalllae YL
S5 I S Y] e 5 (SISl s e
5 318 3 oyt 0y |y cilizee Jole @Yl LGT-ORC
e a1 pleadly VL a5, GluS S 5 Selss
(e wa> gy o Sl eslizul b NN 1)Ko 5 50 o S
ORC i o 15 llyos s Jole oV (o) 9 i 2
il Gend slp Jole g0 (BT Lo Sbb sl
5 dole Jloms (s 4l (il sacssly Jole Jlow cslo sl
e o Sl mie los b gl gles GBS ()
BB o,08 R600a 3 RG00 o¥lw ool (Byme YL
il Goled 4 1) e e Sy SITL s
Jbws Olgie & JT Vs bogliee a0 (b Slalllas
or DV e 5 (3 ez ool a8 5 & 90 Jale
[ P P P VO PO Y EOR [PON PO Rt
ORC S 0,8kes g5, 2 b et ol oglie
ot e 4y 4z gl b aS s e lid @bl ojle e
Lle Jlos 51 ooliial 45 0uiiS s 5 oaddE> 45 gloo
ol 003l Gl (alls ()5 Jlew b anolie ;0 o 05290
S ;0 00,0 V¥ g ool S [0 0o ;0 4 dgu (65w g
Dol Ghlsen 5 05 ol (o yims JB oSl (55> Jone b
tslie il glaJlos b 1) GT-ORC oS 5 S 5
S 630 (5551 plond]y b bglie oS aiidl)s 5 wio S
o ols lis Sealysge i 5T Lo ol Lalls oYL a4
@Al olesily GulEl Gl g 99959 LS Rl
b el 3 [Pglg boldee (o) p cnl 50 098 00
Dogr ele



[ V1o byl Jole Jlows b olRia ¥l (ST &)l 55 (6551 €l 3l (I Sl P (63 Ludiontet 9 (53 Lwnsd ]

Oy ploosl giloange v, ol 5l colainl b age )b
As,S Ll (PSO)

b eSSl IS eloss a2 a5 )15 S0 BV, 0> 57 50
Lol ©)y90 4 bole Jlow cond als  als fole Lo
Slabsle iz ol L (gjloans 5 oud bl
Loliee cdl> FYY+ 5 L 50 bl cll> F20 o S
Orzmes g SOpdy plnl el QL Sl Ve (52 4w
Slp ul 485 Sjge g bolie oS5 sileaig
Silwtand lo el (izmen g alisie DLoS 5 (55lodige
el 0ad 03ls Sl8le 5 4 cam (2955 5 (5099 JLaS b
Foolitul b JSms JS 432 €5 9 6551 plondly (ilwannge
oSy il JSe 53 sl 25 plosl Sl
ool (5SSl IS o3l wle LS (pl 288y O 50
(RORC) il Jowe b 0S5, JSs « (BORC)

(ORC) JT (5l S (58 20-Y

Sl sl eslinul Sy90 oS 5 Jolae 51 (S
b S, eSSl IS sl (50l S w00y il 1>
4Vl J5Ss0 sae b I Jlw & el (258, (S o
S8 eslinal 050 1 0 O Jlow sl 4 5 Jule Jlow lgie
& @ Ol Jelo slodlw il pe Pl Sl 0 xS e
Pz bl rmes 9 L g mle syl e Sl ol
w50 631 Slpss sloo 5l xeS slos jo b Jlow 4555
E9 ol 0L sl Jlghd g oumd pimren Sged oLl O
Gilizes Slasin 5 olss b Jlo oo Jols o5 b b
55 5l Isgas el azg5 B T Jlow b dnslie o il o
Mg g Oyl Gbh gedee p3 5 95 T anBS ams
0SSl S ) osliiul g o g oz slass
QLI (55 i 0y (Sl Gl S S 4y SIE ]
ol

Sl el ot ol Cage (I sl Jlw 55 @
(oo Shile slo,F aile yaS sles s a5l &),

A Aplg L g 008 Gy (3l ] (g 95 Aog>

Jole Jlow -Y-)

2 586 s @ ORC IS o (ol Jlw S ol
Oy Oo9ed (b (S Sl ol et plend],
9 S g Ca) lapmme Lad> 5 ol el (9903 Sl
Lol 510,93 51 (6 )l ool Sl it 00l plad sloay o
Sl s (Saezm s 5l Olgee ) hod oled S 50
1553 s ORC (slo S ;5 Lsle (slo Lo

S oS 0l las gilwaigy wls o5 (lwaigs S5
Er 5 ol asys 0 ssu (65,8 leasly 4l s 4
b oo HEolS o 3 VY S a5

5 Seelipoges Jelos 5 apzs (YOl ojlSea 5 (Y18
03,88 JSew 9 ORC Sl, SlE,| IS o (golal
G5 9 005 a3l ool Lulul 1, (VCC) s 55l
S ol Gl bl Jelow 5 4 w08 gy p s>
4 R245fa 3 solazl pln solpin S )l loail,
e oy solaml (g5 mST syl VPl e
03,5 ;LT 1, ORC 5 (35 (s gm0 S
ol agy 5551 g oLl (5 90 00 S 5| e o
obeadly 70 JT S5l JSew a5 wisls 3,155 bl el
el 03ls ol 3311 (65 ST

Oypo i Silwdinge p Slido 5l 6l rizen
S5 siloaige 4 [YY] o Kan 5 155 .ol oais azd 5
o3l w,efl boojlad 0 ORC 5 (ole)S (e (o5 5
5 ol S5 4 sl i mlbs sl , (PSO) s
I ylade cp 3YL duo 0 YA/FY 655 leasly b (59 Y Lpcnw
lidss iy 5l gl aods [YA] o) Ken g 1) 090 1)l
3 Ereas Gher SSS 3 le iyt Syse o 4
wly >lb oMis bl ols &il)l ORC S (slapinses
oty oo Ll i g il (Cond A
Il i g egian i slo o )5Sl Sl ookl b G
sl ans YAl s 5 J w05 i oa]
255 G3leatORC IS (2lib ol 5 (Snloge
slo SaSs ) ooliinl b gl les Jo> ol ool ogdle
Sloas il TOPSIS o LINMAP (¢ .5 qacs

S iloaige 5 il Jow a [¥e] oKen 5 o,
Oty Sl pledily g ails el (65555 (s L ORC
o gl a8 0ls plis 05 sl (Sealus plenil) LT,
Silwdin @S ol piagw o Slos 5l (55 2Bly pess
S 6351 Gleatily 2S1as b Bl &5 05 o i
o Slae cp iyt o INVEYE g S o5lail g o ,0 VWYY
oldlas [V o Sen 5 od 008 0 Gules @ |,
b sy 2 S b L I oSl S sleaige
sbes @b 510 ploadly b (Dbl sl e sl S
sl omn [¥V] o Kea 5 o il 08,5 (o p calite
o g x5 peedl Sl Gloe 4 ) elpll gullS
S5 Qo)jT Cawd 4 gl gilwaigs Slaal e ol il

! Particle Swam Optimization



[ OS2 g gamoww ol

VEoF olo i OB 6 loits ciammns ) brammo (53819555 9 pole "g ]

JemdlaiS (59, p b IR Gl pan Al el ol

YTIRYPES

Ly S (63 lwaais -
635 i Yo

Sl 53581 Za sled (le 4 azxg b py 635 Gy
) J5A> 3o Q" Slaseie a5 Sl ool ul?b.:‘ axdlas Q"‘

Ll 0]

Gl e sl yolyby e (1) Jgua
Table (1). Value of commercial turbine parameters

Mercury 50 Gyl el
aslg Slado sl
kw fF-- A ads oy
% YAO Sleas!,
Kg/s N2 o oboe ol
°C Yeo o 8 sles

3 Gbese (635 e Gl O¥same (ol odle

S8 omyg Bl Jgpamo 1521 (Jgo pus (V) Jgor
Table (2) mole fraction of gas turbine combustion
product components

0, H,O CO, N, >
VOYE [ | YAY | YRIO | () dse oS

BORC fSow ¥-Y
S ey s JT oS, S b
eSSty S 50 (V) JSS 4 4z g5 b el jgudlasST g ()98
) el Jlom bl oS o 45 5 s sy ol il ez
ooy FYL LS @ Gl JLad ) bele Jlew o pe oS
gl cdle o aspe nl o Jlw o5 ol 5l 098 e
&l ) ) ks (05 (6395 55! A rey w3 ls 18 gL
Sl JLad o alo e cpl o 4 o5dse slalsl o ls YU las
Bl s 4 s 3 005 o5 m o (oot e ooy
Mg g d9doo Lamte (g dhows gLl jlu 09d e
Sydse )b sles g )lad als Sl Joo (pl 0SS (o ol
SVl (6l2) 2o &) o2 spaite s Sl Ses
9 95850 ST 3)lg ) (0,05 od Dj90 IS Sis
bl mbe 4y b cub jlas asgls SOy ol JBls o

G ks s obS b o ok e SopS
Geo3 551 5o omby slales 1 a9k 4 ORC laJS
LgLQ L5>3)'> 9 0093 Sy 4o YLJ 6LQLAJ G ( A OC) ‘SJLO;
R ”~., (a’ . OC) .
Lol Db Sl glales shls &5 plaJlw 5l 28
I 50 6,5 )5 4 LUy oole o 0d caisiwn YU Ly
LS Jolis &S sen s Jole Jow G olgie a0 1, ORC

docp S ielsy ol Segslon  «Sileg,l slage Sy 0
o 5l dagy 59 0.0

Y lew (g dwd -Y-Y
sl Jhw ool Joo izen 5 (JoSge le Sl £
25 i T-S (i b Gl 1) ool ool

el 0 gl (V) JSo pl Fho jo a5 aigS
T-S pl5ho jo gimie g95 an hls bl Jbu (IS sk
sl e

e i b 5 Jl @

Sagnl Jhw @

Code cod b SiS Jlw @

450
~-R245ca  —R134a  ---R1520
. R245ca
! (Dry Fluid)
400 i
2 P
8.350 | 1 R152ca
2 t (WetFluid)
g !
Q 1
E 300 '
[ '
R13%a :.
=0 (Isentropic Fluid) |
1 “
'\
200 %
0 05 1 15 2 25
Entropy, (k/ke-K)
OY b gy aws (V) S

Figure (1) Classification of fluids

e et slyls gLl By g jo a5 OYlw axibis
1S 5 s syry Jlainl ol g, 53 ORC S ;5 akiwn
5 s 9y okl ady ahuly 4 yuye leadl,
b St Vs 98 4ilS eyt ooy o ol alon]
g son o Sl l adg pas cde 4 Syg,55]

wrye Jhw 0>l G (S Ll aits (g Sl
a5 00,5 oo myo 3l €l 398 JSKb 4 adly bludl )by adss



[ MY byl Jole Jloms b olSag¥l (31 &5 (6559 b3l T Sy S (63 lvintet 3 55 loecd ]

Al oyl Jols ok 1, BORC S (T-S) loges (¥) IS 098 0

.Mo‘so

B Exhaustgas
Bl  Organic working fluid
p— Cooling water

Bl  Organic working fluid
I Cooling water

Cooling water out

BORC S 31 (Suilos (¥) JSi
Figure (2) Schematic of the BORC cycle

I Cooling water in

RORC S 31 oSasilouis (F) J5C&

. . 400
Figure (4) schematic of the RORC cycle qasin
360 E—MN Exhaust gas ]
200 ®—@ Organic working fluid ./ \“
m—m [xhaust gas gas in 320 $—¢ Cooling water 3o
360 @—=@ Organic working fluid L]
#=—& Cooling water
P 280
320 ~
Caao
280 g
2
o g 200 gas oy 3
<240 = " |
o £ 160 ! I
5 S | |
= |
£ 200 By 120 : |
o |
£ 160 | !
Pt 80 ! !
120 20 1, )
o ‘water out
30 o water in
o 0 40 80 120 160 200 240 280
20 oMo 19 Entropy (kJ/kgmole.C)
w;?rin water out BORC JSuw gl (T-S) ,loged () JsCi
0 . .
0 40 80 120 160 200 240 280 Figure (3) diagram (T-S) for BORC cycle

Entropy (kJ/kgmole.C)

RORC S (515 (T-S) o505 () JSuio
Figure (5) diagram (T-S) for RORC cycle RORC S ¥-¥

S glo 2l plos (e IS (0 5 slel RORC IS
o2 5ep Lol 0gd 0 oy addllas oyl o as” el ORC
Jo @ Gmale ol Bl Sl S 3l sl (IHE) Sl Jaws 51RORC 155 sl BORC I jass iy
SVl (Seabusge i sloyiall dnalns 5 aed )08 aluls a5 ebles S e eslitul 1 sleS UL sy
Pl Gl s Sy s el oad oslil byl IS s s e ) ow THE ol jaseis (F) IS0
e l58le s I el o 4 e 18l 5 Jlast e LB Y jLes b ele Jlw 00,5 o5 6l 005 0 513 55l nl4l

D9 oe osliinl JSew (giluaings 5 plondl) Slewlra sl a2 b el Jlow 51 LS JUEUl b jsslnlsl 4 09,5 5 3

Silwaris Y-F

2 ol 38l 5 5o sileand sl Sls 0 5e sla sl L ogdee oolitul wadior 2B s 5l &5 Y &)l

ol ol (V) Jgo (Y-1) a0 L (O-F) al> o el asin (0) JKi 4y a>g5



[ OS2 g gamouw ol

VEoF olo i OB 0 loid s ; bauro (55009355 g pale NA ]

St o] Cale 5 oS 5 4 g0l 0> b s byl olys
Calbe LS gt b Jole Sl Sloogad 45 olSin o
D50 s a1y (5w (5508 (i GlgT oo el axils
o b ol bogliee WYL ouls gLl [ JLad opl il

Al Cawds g 5ael,l5 Jole Jlow b sl

Silwdings 9 5> Lulg, - F

gsS""‘L“’J}“)-' @‘9) -f

PLYE )‘ oolawl b )Ja.: 3,90 ORC GL“’JS-M“ R O
Lulg) bwgs 32 o lp @550 5 py2 ajlse DYslae (g5l

me = Zmout M
Q -W= Zmout houe — Z"im hin ™
Whet = ZWT — YW, )

Gy Srae Ol Wp s ey @ods olg W ol e a8
slixe 40U 50N wig 5 398 Lauly, ;o .ol 0 ORC JSws
S Sealnoge i Jgl 05l b (6551 pledily el 75,5 5 9955
Wnet

= f
TIOTC QiTL ( )
=Pl 2y Dyge 4 Glye JSw o slp ) @) d,
0,5
:RORC, BORC S sl

wr—wp

= ®

More mgas(hg.in_hg.out)

S3yS1 Lalg - F-¥
SimST g (Sillega s (5 mST A g Ko (g5 S|
&5 S 5l it ol 4 65 mST 0gdie e loond
Gy a5 glten (S bliie S
Eth — E'PH + E'KN + E’PT (?)

) i o (BT (Silagays (55,81 cdslys onl 5o
CEPH) (S0 6581 19,5 ool G2 4w 4 Olgiios
571 (EPT) Jpily (65051 (EMN) iz (55,5
(ol by el oals a8 00uol IS cpl o sl g S
FSa5 (S5 adlge 5l s SIS cnl jo (Slege 5 (65T
IV ] il 5 & g0 4 (Sosd ogase (65 S ol 00
e = (h —hy) — Ty (s — so) )

Gilwaas 5L 3590 9 5 p0 bl o (V) Jgu
Table (3) boundary conditions and simulation
requirements

Al | lade Lyl

°C Yo e glos

kPa | Y- V/Y oo Lid

°C | Te-> 73 B sles

°C \0 oS St of sles

oc | ¥ 9 Sle Jore o gloo B

Syl

°C - 55 nlsl 50 Cad pgus a0
°C \e s9l el o g (sles DL
°c| o LIS 5 iy (slos OS]
- ' ooy (63955, oS

% | Ao Ots9 Sag Sl 0ol

% | A oy Sag 5l 03k

Jole Jlow olxil ¥-0

8y 5 Sleogas 9,50 50 Jsl Jad Slxogi 4 axg b
oS ot bl Sas J Jlw Vo i onl 5o oYl
o Nz bl el sl o] Glasin (F) Jgax o
oolatl (gjlwarcd o plaS o Lalls Cdlo  epdle 35 Loyl
wd S e e o) CBa L plaS e Jge e a5 Cal oud
> doles lsie a aminl, Koy alobes 55 Canl o0
3 el ol ooliiul bglie o¥lw (oly> dalxe sly
N- g 30 YFY °C L p-Xylene « oLl eVlw ol
Syl 1y Slyme sles o 5wl VOY °C L Butane

[18.YF] bl S T @Y bow Slakinn (F) Jgoz
Table (4) characteristics of selected dry organic fluids

[16,24]

GWP(100Y) | P.(kPa) | T (°C) Jbew
~Y. fa-v YA | Benzene
~Y. fivs Y14 | Toluene
~v. TYea \a# | n-Pentane
~Y- Y.y YYf | n-Hexane
~Y. Yvar \AY | n-Butane
~Y-. YYAS YAaVY | n-Octane
~Y. fovy YYA | Cyclopentane
~Y- Yovy YEY | p-Xylene
~Y. feA YA- | Cyclohexane
~Y. YeYy Yf¥ | E-Benzene




[ AN byl Jole Jlows b olRia ¥l (ST &)l 55 (6551 €l 3l (I Sl P (63 Ludiontet 9 (53 Lwnsd ]

3k 5556 (CRF) rizan a3l oo (55 5 Shikos
1 cele sl Ny (V4 F) 6 ) cnys @ ool le oo
45 (1) oy 55 iy b sl (Cls VEFR) Lo ) pins
wiboe Jlo Yo oS (BL) yoe Jsb sla Jlo olaws 4 /) -
s py Syge Ol | CRE wleye bl 552516

»,5

i1 nBL
CRF = 3% 08)

T a+DBlo1
25 2 SeSE5 & (PEC) s sliz] 638 ayla oo 2250
S A adle VoYY Jlo s bgy e a5 canl oads 53
Jose 20 Ceol ailge (Saaludgas juite 5l (2l 121l
S Syl Ji] s colas 4 a5 gudaiS 5 ol
OBl sl Cdsgw g JUjle Sliges ause pasls ol
e Jo anie #5 OA) daly 0sd 0 eolizul Jlw PEC
IFY] 5 e s 2l o iz £ 4,

Cost at present year = original cost X
Cost index for present year

Cost index for the year of original cost g
ooy Sl

PEC; = 6000(W;)°%7 oY)
:)WD.:S 6‘)‘?

PECcon = 1773 (Mgteqm) an
PECgpa = 309(Agya) + 232 (0)
iy sl

PEC, = 3540(W,)°71 )
(Sl Joe 12

Joeze slo aje g2 o sl auje 5 (SeS S¥olee =
aly ane jl asile a5 Wl Cendy plee slo Gly>

F) ool 1556 5 Cp) 5551

Crk = % (V)
Cpik = % YY)
Cpr =cprEpr S Epy = fixed (vf)
fi = Zkfﬁ (Y0)
Wlis Cews i 4l 51 (Core) ORC U JS anijm 25
vyl

Core = i Zi + Xy Cpe %)

? Capital Recovery Factor
® Purchase equipment cost

E = me M)

s Lo g gl Jl sy 4T gsh Gl s a8
0 @ (M) g Sl o byl oaims (Las 0 i
Olgise |y w52 58 (Ep) (55,051 SM1 il oo Jloms

gl ey J 7S oz O (sl (65 5T 30 alolas ]
Epeat =W = X Epye — X Eiy + Ep Q)
Enear = (1 — To/T)Q 0

St ool T glas 55 (65T JUasl Epar YU Ly, 5
S )3 008 0 35 G5 ST S @ 52 5o 65 ST GBS

Bl oo sy a5l
Yai = Epi/Eptota v

SeogigSlge i bulg, -F-¥

2oole (il o Gl gileange sk w
Sl 0l 5 (SogisSTge i Ollamde o Soliydge 5 lalllas
Sl obl IS @l L 480 2 (e pitans S R3S
5 4575 lp Gl Glahy, 0gd a8S Sl s 2k
3559y it anie ) la wile (SeagisSlpe s Julow
oas Byma ((SPECO) (55,51 o329 4o 5 bagio anja
9y 55 b Sl o 5 i 6l ol
S5l ool b g ams o @l |, eols 7,k G SPECO
AN T sas oo Lals 1) ailone (o e sle Jgo,

ol 5 SPECO) (55,51 ohng amze (bg, 5l cnlplo
plos b ol ohgy cnl yo osbioe eolitul aslllas
O 5l 3550 Slakad S w0 1 65 slagl >
ol pgd Al o Ceond 2 Jpaze g Cge und 090
WlS 5 S Olee 4 So a4 6999 $5ST ples
Pedise dmle Joame plyie 4 ol 5l (5 mST b2y >
2y Drpe & Send pp sln auie Al dolee bl
IV ] sgs axsgs

2 Cout.k + Cw.k =X Cin.k + Cq.k + Zk av
C=c-E )
Z, = PEC,, - CRF - @ /(N) 0%

LS Jusil el > anm 5 i a0 Gy 5 Cp £ ol

slodansa g wlopm 6 l80le,w e F5 2y by

! Specific Exergy Cost Method



[ 0o 9 goow pligg

VEoF olo 15 IOB o0 lods cormn § Lanzeo (53519355 9 pole - ]

V.

Initial population
generation

Record the best position for

b oartcle and the b <: Evaluation of the
cach particie and the best | objective function
position for all particles

o
=

Updating the velocity vector
of all particles and moving
them to new positions

v
(Gl
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Figure (7) steps of particle progress in the particle swarm
algorithm [33]

Silwaiags wig, F-0
S e ploie 4 JSom ooy (7905 5 59905 SLES 90
5 (F-1) abal)) (655 lodly i 098 0 a3 )5 S5 o
a5 Bae wlgi (lge 4y ((VF) alal)) S anse &5 aneS
G oarg by opdiee SBl Jlw ol e aileads

im0 ~FF
ous oolatwl (PSO) &3 sl iy oS 51 (g 5lwaige (6l
5 S Ly b oyl PSO L lyd slesl g, oo
ey o il cnl sl 2he VA0 Lo o Syl

5 Sl 5l a8 F plodl a5 el LSS glaulre (g5luaige
ool 2 g lagale g Gy sl Jllg> eloiz] U,

ook L3 Gl patine slass by, cnl e Bl IS

Cundg o)l 99 0,8 8 (sl 25,5 o0 4yl polie ( Solai
S g Ol Jlon Su b oS 4 a5 d9d ooy Sy g

59 sloaigd JI S0 &g )l aigd oo Joe S s lo
Y dpsloe b b 0t o 5 > alies gany N gl

S92 ge (S sl a3 homis SV S plgie 4 (Singe
Iy gz glad L3 aladls 4y agi b ol .aisS o |
) U Ivv] siny ang Oler 4 b oS e gaias
W3 o slid | oo Slawlre Jol 0

035 pgal 4 PSO )58l wdyiy Jolpe (V) JSs
S ST e slo ange oo 4 (2 Sen a5 Coul oat
A2 oo lid Sl a4 Ol den ol | Sen

_ Gad ali iyl
| Ly ads 3o ylie dodxo-
ol Sadly

Ry R ly
W oy IS oy 30 Seadge

ey )1 3 iy 33 3
Ll JUisl 5 &l b golod
Wiz sl Condge d

bty o )95 Slalo Jolpo @ )lzgld (7) S
Olyd ploojl



[ S bgloo Jole Jlow b ol ¥y (W1 @yl (5531 <l T (0SSl o (55 luvtionts 9 (6 3Lt ]

S5 a9, F-F

S 53 ange bl acgerme L adon iz (g5luaingy i
4 el Sglite ddan ST (gilutinge L &S wedoe Jo )L
S8 Gl dng dhl das iz giluang SN0 O)le
RYPYIRCURVI JEPCOVSINR FESI RV N SUCE] SV PR N S s
P ol ey ol Slsr DBl o o)l g, 90
I¥A] 9 o 0315 adgs Lzl ey aslsl

LINMAP  gig,-F-#-9
(Linear Programming Technique for
Multidimensional Analysis of Preference)
3k Lloges jo 1y Jlowl Clsx 5l alols J8las a5 g
Bl LINMAP o Callae Sl Olez laxe a4y el o
I, LINMAP g, 50 Jloas! Glg 5l alols alal, 048 o0

g p g A Ol e

div = Xy (Fy = ) (i = 1mm) ()
ifinal =i (YA)
€ min(d;,)

Ol e a1l o JTony) abai 51 Ul o alols dyy
55,3k ged 4o Ay Clgz o N sl Boa xe 4 g
il

S g mbi -0

e ylas! -0

Srme azlye il ilwans Glp 5L 0,90 polie g Sledbol
&= )‘l oolw U.SJ) JSV....; G)L.,.»w LS‘):’ el 00 w)f
Sl 08 8l 5 e cnl 5o el oa ooliul [V1]
Jiw ol alme @l Slyd, 5l g Jdod g g5l Joe
3 IS 90 gilwans b oyols )5 el oad solasl
oSS bl o e Jl38le 5 0 Judot 5 sl 1580 5
piY el Aol s jo byl sl shyls o s
a0 Sl are @l ol Sl ade cal SO 4
Jole Jbow b Gloo Jowo b oSl JSos Bl oo ol
el 0 (5t V] g 1o b alie Ll jo Loglse
Olis &> 3l gde,e VY S ol 5 gady g
el (6 5ldds S oaimd

] GM]’ (&) Jsé} B fal} )15 (T )L».».C‘ C.aLo.:

Seb g dgde DS plosl w68l o)ly e S
plxl iloaige cde Bl 5o ead 3)ly slayiall
e Sle s 09 905 e ol e Ol @l 5 5
< Cwgn 3 BORC IS (siluainge 5 lowlons sl
o Ve a5 Jlms ol ales (sl g, eyl (] oko]
bglie clls FYY- o > 30 byl cl> £-0 . alls
Ll o g pll wilpe Sl SVl o5 4w
Sl o)ls (giluaragy 5l e 1) 0 Shes e S Jl

Spdse

(8 3ttt Sl 51 it ! gy ol (A) JS

[ W)

Select pure or

Optimization <:
mixed fluid

of objects

All fluid

Results saving caloulated?

Select optimum
fluid

Results
evaluation

Figure (8) flowchart of the selection process of the best
optimized fluid



[ 0o 9 gooww pligg

VEoF olo i OB o ko canmns ; bruro (55009355 g pale Y ]

Mged 4 azg bl GRIPL G g 5 catuie
el ylo 15 0 Shae oy F-Y KPA Lid 0o game ;o Jlow

30.8 35.2
@—e Energy efficiency —°

\ E—R Total cost rate '/0/ 34.8

306 '\ / 34A

/N
/ \.\_\._./. /./ )

30.2 316
2400 2500 2600 2700 2800 2900 3000 3100 3200

Pump outlet pressure (kPa)

Sus &y p qrey (29,5 LS 3L (R) JSCb
Figure (9) The effect of pump output pressure on
objective functions

Energy efficiency (%)
8
e
'\.
Total cost rate ($/h)

w
8

=
.&
/.

w w
8 I
& S

¥ih-0-0
5 iz gl cdlo gl Bas il polie g5, Hloged (o
O BLa Jlages ol ol oals sl uled (glwaigy
(V) Lloges jo a5 joblen 0ad oo (attiv 5 Bus g
GBI anse 25 65 pleadly Gl L cul et
Ol o o 5 aige Ll 6l Sl 5 b o
D oo ooliul iogh cpl )0 LINMAP o) 5l da Clg
JS e g5 4S5 @3 pleadl) anciy Jlon b

®—@ Energy efficiency /
m—n Total cost rate / 32.8

324 =

e
~
~

Energy efficiency (%)
!}
I\.
.
Total cost rate ($/h

/
F 4
.xl

31.8
27 \, / N

26 31.2
1 2 3 4 5 6 7 8 9 10 11

Pump inlet pressure (kPa)

Bud 2ilei 2 ooy (69959 )8 36 (1) S
Figure (10) The effect of pump inlet pressure on
objective functions

I ol (g 5lwanls (b S (2w jLiel (B) Jouer
ol
Table (5) validation of the simulated cycles of the
present work

I BORC RORC
Jbw R11 Toluene/Benzene
. & K| | ez By as
ﬁQLM
M| el | o | ] el | M
L‘)Lm.\.ﬂ)
, \YIAR | YENY \IY A\VANd YVYY | YIAY
(0]
. | -
el YAIFE ya/# Yo | Yoy VPVY VN
(kW)

Sty @l Jiiume b puicio Sgu> -0-Y

5 99,5 JLid Jaews losze LRORC 3 BORC s
Slp ) ooz )0 oad (atie odguze )5 oy (29>
9 S099 DL 0sd o0 Silwang Alite bele slaJlw
et 039950 ;3 55 DLORC JSow oy 99 18 (29>
S Lol ogd oo a8 51 50 piie (F) Jgur )3 oud
Slad daw glls JSw 5o Sl Hlad 9434 cde 4 SRORC
Sl yesie 03505 (F) Jgur )3 el Jiie jiie plgie &
<o 0 03,51 SRORC JSerw

9 BORC S (g3lwdingy o (ol 9 b 0o (£) Jgu
RORC
Table (6) upper and lower limits of BORC and RORC
cycle optimization variable

a>lg Y6 o omb o gue i

kPa 0.1ps Pir=20c ey $99)9 ,LiS

kPa | 0.9ps | 0.7pg ey e s

Sud 2ilgi p1 oy (29,5 LAS il -0-Y
P Jlw b Bon @l » ey (29,5 JLad 130 (1) o o
4 699,9 Jlw jLid [EalBl b .ol ook solo ylzs Xylene
anyp gy Ll 4l Gl o)lsen (55 Glealy (o
29 b b GRIBl G g Rl patie LB L S
el ylo 1y 0 Shae o e AP KPa SLid o Jlow Jloged

Sad 2ilg ey (6999 HLiS JIU -0-F
Jhw b Ban milgi p sy (99,9 ,Lad 136 (V0) Hloges )0
699,59 Jlow jLad 201381 b .ol oo o0lo )Lis p-Xylene
ed b S e &5 5 p2alS o jlsmn 65 plosdl; comy &



[ WY bgloo Jole Jlow b ol ¥y (W1 @yl (5531 <l T (0SSl o (55 luvtionts 9 (6 3Lt ]

56 29.2 38
® ® Pure working fluid o ® @—@ Energy cfficiency
52 ' @ @ Binary working fluid °® m—= Total cost rate /
® @ Ternary working fluid N ° 28.8 "~ y 37
48 L ]

L ] / H,
° g \- / 36
a4 A o ® 28.4 /l/ \. /

—_ ° ° °% o
= 40 ° % ) s %o S ~
s LR = / 8
836 ® o %o .605.'. ° 2 28 n o
= e @3 @06 ° o, S S
2 2 Tt ge % 2 /" 2
83 o® ee S oo hd S o L 8
= e o ° % 2500 3 O 2276 ‘/ S
g 28 w®  © % g.‘g.’ 20,9 o ) 33 S
= ° ° PSSR 3 5] ./ \ S
24 ° ® oo .o,;g&. (e s 5 ./ =
;o ® e SR O Y 272
Q:., o®® 450 / 32
20 ®e / n
16 . Ideal point @ 268 / \ 31
e
12 =
13 14 15 16 17 18 19 20 21 22 23 24 26.4 30
Energy efficiency (%) 008 012 016 02 024 028 032 036 04 044 048
. . . . ) X(x/1)
ég|95 QoLw| rbaxog ua.‘la Y lw dmglio (VV) SO

SRORC JSouw 50 Bud aulgi w X yiolyly il (1Y) S
BORC S 5o Sua Figure (11) The effect of parameter x on the objective
Figure (12) Comparison of pure and mixed fluids based functions in the SRORC cycle
on objective functions in the BORC cycle

38 °
S Gilwaiate 5 ¥ p Jole Jlow gy @6 () Jouer .
BORC 37 *
Table (6) results of the top five operating fluids in BORC o
cycle optimization 36 .
Sibe d s = o
£
s o & :
. 90 S Lows s ®
£ bl Jo ST e b .
< (x/V) &5 1) )
g}g 2 34
o 3 &
/%) 2 &
\ p-Xylene \ Yy/a Yv * ‘;.e.
Benzene/ FLah I
Y Cyclopentane/ oJA=+1N=+]\ YY/£0 YVIYS 32 . o S~ Ideal point
Cyclohexane o 0@ *° e
Benzene/ Toluene 31
) /Cyclohexane A==+ YYY YAy 292 296 30 304 308 312 316 32 324 328 332
Energy efficiency (%)
Benzene/ Toluene/ . .
SA-N=e s p-Xylene Jlow ! bl
£ Cyclopentane JA=+1\=+/\ YY/A YATS JSeew yo p-Xy Jbew sl 85,b Hloges (V) Sl
Benzene/ . . RORC .
o Cyclopentane AR YYNY Yan Figure (11) Pareto diagram for p-Xylene fluid in RORC
cycle

S g3lwaiatg 5oy Jole Jlow gy G (V) Joua

RORC S bty g s -0-7
Table (7) results of the top five operating fluids in RORC B Gl oYl ol eiloa S5O e
cycle optimization 5 o = e B Help 4 i
Sl dnge s Jié-wks‘)-’ |) Conl 00l s LINMAP wj)l.aASJaslm
s, el ‘;(’;:“:“' e J:::}m y97e 90 b Lloged .l 00 5 dslie po b g iuled 4 BORC
P ] ey lign 55,k Jlages i 51 US anie £ 5 A pled
\ p-Xylene \ Y/va YA JL.» e ;‘)w‘ 6‘)-.' )L Q—.'.‘ LINMAP uj’i) j‘ 13
Y E-Benzene \ YAy Yy ) - )
v p-Xylene/ N o o5 ol oé)sl ((b—\"’) JSAD B ).o).o JL»....; N C.’L».: 9 oéj.o.'s oolazwl
Toluer> oS S i 4 5 (A-F) b (F-5) Jslaz o
¥ p-Xylene/ E- s o oY 7
Benzene/ Toluene ", Zewl 000! SRORC 4 DLORC RORC
E-Benzene/ p- AR
8 Xylene/ Toluene Sy v¥ N




[ Ol 9 gaows Ly

VEoF olo i OB 6 lots ciammns ) brammo (53819555 9 pole e ]

(Sw09igS g0 55 9 (65 yuST (S yiol )by wolie (1) Joux
RORC S

Table (9) values of exergy and thermoeconomic
parameters of RORC cycle

16 | | a8 | EpGew) Ak
Yy YIvs forfy Yy Oeyd
TAE \IY YAIY MY JrWRIRELY
v [ V- \ild [
YY/§ YIe \YNY DAY ke Jowe
a4 YN YY/-v avIA 5550 lsl
Yo | YONR | — FEY/) S JS

G5 Al -

5 oolw ORC (gl calisee Jole oYlw (ragy ool o

Jole Jlaw Vool anolie ool Plol oo dw yuizmes

9 o bl (Sealuoge s Jelod g 455 onl sl Bl

@) ES b oVl ol o Wz S5y Al Sl

oSy ol 51 S e a5 wl solinl Jale Jlw olsie

P asle Jole @Vl 0l 5l Byt o0 o Lt |, il

e dSem sl ceslis Jale Jlow S (lsie 42 Xylene

e el oud drogi (SengisSlae s 5 (Sealuogey b

SVl ooliinl b 5y0miliS” Lad o sl lsl jLis ag

5 5 aupe gy onle, Jlas a jshaie 4 Gl il

s 5l S ad ) b S 5o il Glewdl, iSTas

22,5 AMS 5 Oyg0 4 Glg e | odel Canay

@5 oleadly Grll cel plnll lad alE v
D9 s JSms

657 pleadly mals el jpuilass jlas aliEl v
9 o JSms

shls < 4 SRORC 4 DLORC sw Vv
Lilps cod 1) U5 anse g5 (e 5 e
5l S

sieS 5 omyidm lls BORCy RORC Sews v/
il LSy llyd cow 6551 lendl,

2 SiS) e ps GRalS cel Gl Jame o9z VY
D9 so HguailaS

p-Xylene wass wyp Jele oVlw o 0 Y
5 Seelogeys Bl Jbe el
Er 9 (D) TV 55 plosdly b (SeogigSlge s
b o RORC S jo (B/h) YV as s

Lole  bgle  oVlw e o V
Jsies ;o Benzene/Cyclohexane/n-Hexane

1o S (S0 93951905 9 (55 ST S —0-A

5 oSt el gl (O g A Jslar e
slelly el el baSen lizl (SeegisSlse
5565 (Bp) s5pmS! s e (SeagisSlsas
ol ;0 aodls jsb 4 lasazr plad o (f) (SeesisSlge
SeeisSlon s Jolow )0 (oot BB (555 0 S S
a5 a0 Gl SegigSlae s HeiSE SYL olae o)l
SirST 55 5l S hge SIS g jeni 5 0 Sles aiza
S wms oo GLad gilnlsl sl frVh i cal by
@ Opfe Sl ez 0 @IS alope anie s
220 o0 Ol (SungisSlon i 59 iy lp el 4850
5610 oy a3l LGU ced aiy e BB 5ITAVIG A
S5 rS] 25 Lasgi 00ilaBly VYD g ol (5,005 gy
slo asa pall da addge 4l 6lp d9dee Slxl
iraST Jledily 51 09 0 Sl (65l g (Slibes
2% 655 sl VL 65 ST B 5 S

S Sl s gle 5 05 Gy IS alope anse
37 ol gl e hadlas (ol o el IS li2l nle
2,105 (6,5l Dlawlore [0 g 05 oo L3 B o

KW L sy 5 0o YPA KW L jguilasS () Jsloz o
P A g5 N | 65mST B s YIF
VEIE SN L gl gl a8 ol Yo /AN $/N s S (65 ,aS]
el 1 1) s 32,5YL

SirSl 55 5l (oo 399 g (V) Jgoz 4 axgi b
WSS Sl Joe ot 8L L cslls 1) S S
Mgy GalS 00l IS 8 g y3udliS (65 ST ey 55
S wadee Ol JSow (SeegisSles oSl el 038
wloyw o anze & Loy plcs sla anje 7 VFO
Lol (65 ST 55 4y by yo ilo 5 (5,35

w0339 g0 i g (65 ymST 5 wiolyly polie (A) Joua
BORC Sowus

Table (8) values of exergy and thermoeconomic
parameters of BORC cycle

fi) | Cp($/h) | ¥a(%)| Ep(kW) Fabb
fYIY ¥ W[ Y R
VYIY VeA | oYs YEAR JINNIReL 4
A0 ey -5 f/5 ooy
avIo Yhi voa | vsaw iyl
SAY | YA — YYA/A S IS




[ \vo bgloeo Jole Jlow b ol Yy (W1 @l (65531 €l T oSSl S (55 lurtionts 9 (63 bwennid ]

grade waste heat by using genetic algorithm,
Global journal for research analysis: Volume-6,
Issue-3.

[10] Liu, Bo-Tau & Chien, Kuo-Hsiang & Wang,
Chi-Chuan. (2004). Effect of working fluids on
organic Rankine cycle for waste heat recovery.
Energy. 29. 1207-1217. 10. 1016/j. energy.
2004. 01. 004.

[11] Dai, Yiping & Wang, Jiangfeng & Gao, Lin.
(2009). Parametric optimization and
comparative study of Organic Rankine Cycle
(ORC) for low grade waste heat recovery.
Energy Conversion and Management. 50. 576-
582. 10. 1016/j. enconman. 2008. 10. 018.

[12] Chacartegui, Ricardo & Sanchez, David &
Mufioz, J. M. & Sanchez, Tatiana. (2009).
Alternative  ORC bottoming cycles FOR
combined cycle power plants. Applied Energy.
86. 2162-2170. 10. 1016/j. apenergy. 2009. 02.
016.

[13] Yu, Haoshui & Feng, Xiao & Wang, Yufei.
(2015). A new pinch based method for
simultaneous selection of working fluid and
operating conditions in an ORC (Organic
Rankine Cycle) recovering waste heat. Energy.
90. 10. 1016/j. energy. 2015. 02. 059.

[14] chahartaghi M, Babaei M. (2014). Energy and
exergy analysis of Organic Rankine Cycle with
using two-component working fluid in
specified heat source conditions. Modares
Mechanical Engineering. 14 (3) :145-156

[15] Ren, Jinggi & Cao, Yue & Long, Ying &
Qiang, Xiongchao & Dai, Yiping. (2019).
Thermodynamic Comparison of Gas Turbine
and ORC Combined Cycle with Pure and
Mixture Working Fluids. Journal of Energy
Engineering. 145. 10. 1061/(ASCE)EY. 1943-
7897. 0000580.

[16] Satanphol, K. & Pridasawas, W. & Suphanit,
B. (2017). A study on optimal composition of
zeotropic working fluid in an Organic Rankine
Cycle (ORC) for low grade heat recovery.
Energy. 123. 10. 1016/j. energy. 2017. 02. 024.

[17] Chys, Michael & Van den Broek, Martijn &
Vanslambrouck, Bruno & De Paepe, Michel.
(2012). Potential of zeotropic mixtures as
working fluids in organic Rankine cycles.
Energy. 44. 623-632. 10. 1016/j. energy. 2012.
05. 030.

[18] Feng, Yonggiang & Hung, TzuChen & Greg,
Kowalski & Zhang, Yaning & Li, Bing-Xi &
Yang, Jinfu. (2015). Thermoeconomic
comparison between pure and mixture working
fluids of organic Rankine cycles (ORCs) for
low temperature waste heat recovery. Energy
Conversion and Management. 106. 859-872.
10. 1016/j. enconman. 2015. 09. 042.

[19] Zhou, Yaodong & Wu, Yuandan & Li, Feng &
Yu, Lijun. (2016). Performance analysis of

Garg bl (Swluoge s o Slae oy 0 SRORC
Sl ee o Bos ailgs

Lo

[1] Xi, Huan & Li, Ming-Jia & Xu, Chao & He,
Ya-Ling. (2013). Parametric optimization of
regenerative organic Rankine cycle (ORC) for
low grade waste heat recovery using genetic
algorithm. Energy. 58. 473-482. 10. 1016/j.
energy. 2013. 06. 039.

[2] Ghaebi, Hadi & Rostamzadeh, Hadi &
Rostamzadeh, Javad & Ebadollahi, Mohammad
& Abioghli, Hadi. (2018). Comparison of
Different Working Fluids Operation for Basic
and Modified Organic Rankine Cycles (ORCs).
Journal of Energy Management and
Technoogy. 10. 22109/jemt. 2018. 100794.
1036.

[3] Mohammadzadeh Bina, Saeid &
Jalilinasrabady, Saeid & Fujii, Hikari. (2017).
Energy, Economic and Environmental (3E)
Aspects of Internal Heat Exchanger for ORC
Geothermal Power Plants. Energy. 140. 10.
1016/j. energy. 2017. 09. 045.

[4] Safarian, Sahar & Aramoun, Fereshteh. (2015).
Energy and exergy assessments of modified
Organic Rankine Cycles (ORCs). Energy
Reports. 1. 1-7. 10. 1016/j. egyr. 2014. 10. 003.

[5] Toffolo, Andrea & Lazzaretto, Andrea &
Manente, Giovanni & Paci, Marco. (2014). A
multi-criteria approach for the optimal
selection of working fluid and design
parameters in Organic Rankine Cycle systems.
Applied Energy. 121. 219-232. 10. 1016/j.
apenergy. 2014. 01. 089.

[6] Maizza, V. & Maizza, A. (2001).
Unconventional Working Fluids in Organic
Rankine-cycles for waste energy recovery
systems. Applied Thermal Engineering. 21.
381-390. 10. 1016/S1359-4311(00)00044-2.

[7] Bekiloglu, Hasan Eren & Bedir, Hasan & Anlas,
Glnay. (2018). Multi-objective optimization of
ORC parameters and selection of working fluid
using preliminary radial inflow turbine design.
Energy Conversion and Management. 183. 10.
1016/j. enconman. 2018. 12. 039.

[8] Ur-Rehman, M. & Khurram, M. Sh & Rafiq,
Sikander & Memon, Sh. A. & Ghauri,
Moinuddin & Jamil, Farrukh & Jaffery, M. H.
& Doggar, M. Gh. (2018). Modeling of organic
Rankine cycle for suitable working fluid in
HYSYS for power generation in Pakistan.
Bulgarian Chemical Communications. 50. 254-
264.

[9] Dharmendra Singh Shekhawat, M. N. Karimi,
(2017). Optimization of Organic Rankine Cycle
for different working fluids operated by low



[ Ol 9 gaows Ly

VEoF olo i OB 0loid s ; Lo (55009355 g pale w5 ]

[27] Zhou, Yuhong & Li, Shanshan & Sun, Lei &
Zhao, Shupeng & Talesh, Seyed. (2019).
Optimization and thermodynamic performance
analysis of a power generation system based on
geothermal flash and dual-pressure evaporation
organic Rankine cycles using zeotropic
mixtures. Energy. 194. 116785. 10. 1016/j.
energy. 2019. 116785.

[28] Zhao, Dongpeng & Deng, Shuai & Zhao, Li &
Xu, Weicong & Wang, Wei & Nie, Xianhua &
Chen, Mengchao. (2020). Overview on
artificial intelligence in design of Organic
Rankine Cycle. Energy and Al. 1. 100011. 10.
1016/j. egyai. 2020. 100011.

[29] Lee, Younggeun & Kim, Jeongnam & Ahmed,
Usama & Kim, Changsoo & Lee, Youn-Woo.
(2019).  Multi-objective  optimization  of
Organic Rankine Cycle (ORC) design
considering exergy efficiency and inherent
safety for LNG cold energy utilization. Journal
of Loss Prevention in the Process Industries.
58. 10. 1016/j. jlp. 2019. 01. 006.

[30] Rahbar, Kiyarash & Mahmoud, Saad &
Aldadah, Raya & Moazami, Nima. (2015).
Integrated Modelling and Multi-Objective
Optimization of Organic Rankine Cycle Based
on Radial Inflow Turbine. 10. 1115/GT2015-
42835.

[31] Liu, Xiaomin & Wei, Ming & Yang, Luona &
Wang, Xing. (2017). Thermo-economic
analysis and optimization selection of ORC
system configurations for low temperature
binary-cycle  geothermal plant.  Applied
Thermal Engineering. 125. 10. 1016/j.
applthermaleng. 2017. 07. 016.

[32] Liu, Hongda & Zhang, Hongguang & Yang,
Fubin & Hou, Xiaochen & Yu, Fei & Song,
Songsong. (2017). Multi-objective optimization
of fin-and-tube evaporator for a diesel engine-
organic Rankine cycle (ORC) combined system
using particle swarm optimization algorithm.
Energy Conversion and Management. 151.
147-157. 10. 1016/j. enconman. 2017. 08. 081.

[33] Kennedy, J. Eberhart, (1995). Particle swarm
optimization (pso). In: Proc. IEEE International
Conference on Neural Networks, Perth,
Australia. pp. 1942-1948.

[34] Ahmadi, Pouria & Dincer, lbrahim & Rosen,
Marc. (2017). Optimization of Energy Systems.
10. 1002/9781118894484.

zeotropic mixtures for the dual-loop system
combined with internal combustion engine.
Energy Conversion and Management. 118.
406-414. 10. 1016/j. enconman. 2016. 04. 006.

[20] Xi, Xinming & Zhou, Yingyan & Guo, Cong
& Yang, Lijun & Du, Xiaoze. (2015).
Characteristics of Organic Rankine Cycles with
Zeotropic Mixture for Heat Recovery of
Exhaust Gas of Boiler. Energy Procedia. 75.
1093-1101. 10. 1016/j. egypro. 2015. 07. 496.

[21] Shokati, Naser & Mohammadkhani, Farzad &
Yari, Mortaza & Mahmoudi, S. M. s & Rosen,
Marc. (2014). A Comparative Exergoeconomic
Analysis of Waste Heat Recovery from a Gas
Turbine-Modular Helium Reactor via Organic
Rankine Cycles. Sustainability. 6. 2474-2489.
10. 3390/5u6052474.

[22] Shokati, Naser & Ranjbar, Faramarz & Yari,
Mortaza. (2015). Exergoeconomic analysis and
optimization of basic, dual-pressure and dual-
fluid ORCs and Kalina geothermal power
plants: A comparative study. Renewable
Energy. 83. 527-542. 10. 1016/j. renene. 2015.
04. 069.

[23] Khaljani, Mansureh & Saray, R. & Bahlouli,
Keyvan. (2015). Comprehensive analysis of
energy, exergy and exergo-economic of
cogeneration of heat and power in a combined
gas turbine and organic Rankine cycle. Energy
Conversion and Management. 97. 10. 1016/j.
enconman. 2015. 02. 067.

[24] Khaljani, Mansureh & Saray, R. & Bahlouli,
Keyvan.  (2015). Thermodynamic  and
thermoeconomic optimization of an integrated
gas turbine and organic Rankine cycle. Energy.
93. 2136-2145. 10. 1016/j. energy. 2015. 10.
002.

[25] Karellas, Sotirios & Braimakis, Konstantinos.
(2014). Energy-exergy analysis and economic
investigation of a  cogeneration and
trigeneration ORC-VCC hybrid  system
utilizing biomass fuel and solar power. Energy
Conversion and Management. 107. 10. 1016/j.
enconman. 2015. 06. 080.

[26] Haghighat Mamaghani, Alireza & Najafi,
Behzad & Shirazi, Ali & Rinaldi, Fabio.
(2015). 4E analysis and multi-objective
optimization of an integrated MCFC (molten
carbonate fuel cell) and ORC (organic Rankine
cycle) system. Energy. 82. 10. 1016/j. energy.
2015. 01. 074.

o) oo Sy (215, SS9 0 gl s Al - (1) S5
Figure (1) - Common classification in environmental risk assessment methods
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Figure (3) - Comparison of air pollution indicators in the Phase 1 refinery
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