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OQ=w =ORu=Dt GQ@ \Uw x@ QDW}@ |R=U=OH |=Q@ xOW =OH `}=t R= |WN@ "OwQ|t
OwOL =D GQ@ x@ uOW OQ=w R= p@k `}=t |=tO =D OwW|t Ea=@ J-T Q}W "OwW|t
MSHX-2 x@ uOW OQ=w R= Oa@ '3 u=} QH '`}=t Qo}O VN@ "OwW OQU �500C

"OwW|t OQ=w =ORu=Dt GQ@ x@ |DQ=QL pO=@D
|rY= CtUk %OwW|t s}UkD CtUk wO x@ D-2 hQ_ R= |HwQN R=o u=} QH
|=yxOvvm \U@vt j} Q] R= 2 u=} QH "CU= 6 u=} QH xOv=t|k=@ CtUk w 2 u=} QH
'xOv=t|k=@ Q=N@ CtUk "OwW|t =ORu=Dt GQ@ OQ=w w xOW \U@vt EX-1 |v}@ QwD
u=wva x@ w OwW|t OQU�900C OwOL |=tO =D w xOW MSHX-2 OQ=w '6 u=} QH
bar OwOL Q=Wi QO =ORu=Dt GQ@ "OwW|t OQ=w =ORu=Dt GQ@ |q=@ x@ |DWoQ@ u=} QH

"CU= |@v=H u=} QH 5 |=Q=O GQ@ "Ovm|t pta Q}]kD GQ@ u=wva x@
pO@t OQ=w w xOW GQ=N =ORu=Dt GQ@ |q=@ R= xm |HwQN �u=Dt R=o � Ov=tUB R=o
x@ xm 6 u=} QH uOQm `}=t |=Q@ |R=UOQU u}t-=D x@ h_wt 'OwW|t MSHX-2
Ov=tUB R=o "CU= D-1 R= xOW =OH `}=t |R=UOQU u}vJty w CU= Q=N@ Cr=L
OQ=w MSHX-1 x@ |R=o l =QwN |R=UOQU u}t-=D |=Q@ MSHX-2 R= |HwQN
QO |OwQw l =QwN |=tO x@ l}ORv |=tO =D '13 |HwQN sQo u=} QH w OwW|t
u=wva x@ xm =ORu=Dt GQ@ R= 'R=@ |xNQJ OQ@t '20 u=} QH "OwW|t sQo 250C OwOL
MSHX-1 pO@t OQ=w OQU u=} QH u=wva x@ OwW|t xDiQo Q_v QO xDN}t; OQ@t l}
OwW|t xO=OCWoQ@ MSHX-1 pO@t x@ QDW}@ |R=UOQU |=Q@ 21 u=} QH "OwW|t
u}t-=D =Q |OwQw l =QwN uOQm OQU |=Q@ R=}v OQwt O} Q@D R= |WN@ ?}DQD u}= x@ w
OwW|t xO=DUQi E-1 pO@t x@ C-3 QwUQBtm R= |HwQN |xOW sm =QDt R=o "Ovm|t
OQ@t� xOW GQ=N `}=t R= |QUm "OwW `}=t xOvvmlvN ?; \UwD u; R= |DtUk =D

"OwW|t xDiQo Q=m x@ E-1 pO@t QO OQ@t u=wva x@ �xDU@xNQJ
R= Oa@ '27 bar Q=Wi w 240C |=tO =@ GQ@ u}}=B R= |HwQN 43 u=} QH
"OwW|t OQ=w =ORu=D= GQ@ x@ 30 5 bar Q=Wi x@ uO}UQ w P-3 AtB R= CWPo
bar OwOL Q=Wi w 11=90C |=tO =@ GQ@ |q=@ pwYLt u=wva x@ 45 u=} QH
xOW lvN 46 u=} QH "OwW `}=t u; R= |DtUk =D OwW|t E-3 pO@t OQ=w '29
`}=t "OwW|t D-2 |R=iwO |xOvvm =OH hQ_ OQ=w u; Q=N@ R= `}=t |R=U=OH |=Q@
|=Q@ xOW =OH Q=N@ "OwW|t j} QRD GQ@ |q=@ x@ |DWoQ@ u=} QH u=wva x@ xOW =OH
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"""N
G

L
O}rw

DOL
=w|

R=Ux
v}y@

wp
}rLD

wx}
RHDxm CU=vat u}= x@ `HQt |=tO u=wva x@ \}Lt ?=NDv= "�6 |xrO=at� `HQt |=tO

\}Lt |=tO R= u=} QH |=tO xm |v=tR sRq |SQv= u=R}t =@ CU= Q@=Q@ u=} QH |Br=Dv;
"OUQ@ Q_v OQwt |=tO x@

_ho(T ) =
R T
Te

_mo � Cp � dT ifT � To
_ho(T ) =

R To
Te

_mo � Cp � dT ifT > To
_hi(T ) =

R T
Te

_mo � Cp � dT ifT � Ti
_hi(T ) =

R Ti
Te

_mo � Cp � dT ifT > Ti

9>>>>>=>>>>>;
Super� ambientTemp:

_ho(T ) =
R Te
T _mo � Cp � dT ifT � To

_ho(T ) =
R Te
To

_mo � Cp � dT ifT > To
_hi(T ) =

R Te
T _mo � Cp � dT ifT � Ti

_hi(T ) =
R Te
Ti

_mo � Cp � dT ifT > Ti

9>>>>>=>>>>>;
Sub� ambientTemp:

_E =
X
o

_ho �X
i

_hi (6)

QO |}x}L=v CQwY x@ |DQ=QL C=R}yHD R= l} Qy |vLvt u}= QO u}vJty
hqD= MQv u=R}t p}rLD Q@ xwqa xm CU= xOW xO=O u=Wv |SQRo = p=kDv= |vLvt
"O=O s=Hv= ?U=vt |=ypB O=H}= =@ C=R}yHD u}= |DQ=QL KqY= x@ u=wD|t |SQRo =

|DQ=QL |=ypO@t (�c) wvQ=m ?} Q[ �G
VwQ w CU= |SQRo = w Iv}B ?}mQD T=U= 7 |xrO=at OwW|t xOy=Wt xm u=vJ
ẁv w OR=OQB|t |SQRo = w Iv}B ?}mQD swyit |UQQ@ x@ =yvD xm 'CU= |}xO=U Q=}U@
p}rLD Qw_vt x@ xr=UQ u}= QO "OQ=Ov Q_v OQwt |xrO=at QO |Q}F-=D =yv; OQ@ Q=m w R}yHD
l} Qy |=Q@ wvQ=m ?} Q[ '|SQRo = � pB VwQ R= xO=iDU= =@ |DQ=QL C=R}yHD QDj}kO
xDi=}xaUwD =yx=oDUO u}= R= l} Qy hOy w OQmrta x@ xHwD =@ |DQ=QL C=R}yHD R=
CQwY x@ |DQ=QL |=ypO@t |=Q@ wvQ=m ?} Q[ '|SQRo = p=kDv= |vLvt QO "CU=

"OwW|t x@U=Lt 7 |xrO=at

�c =

n
�H

�
1� T0

Tlm

�
hot
��H

�
1� T0

Tlm

�
cold

oR Ti
To

_mo � Cp � dT
Tlm = Tin � Tout

Ln
�
Tin
Tout

� (7)

Q}]kD GQ@ QO wvQ=m ?} Q[ �O
"OvQ}o|t Q=Qk |UQQ@ OQwt |DQ=QL |=ypO@t =yvD |SQRo = � Iv}B |@}mQD VwQ QO
|=yGQ@ '|DQ=QL pO@t Q@ xwqa 'xOW x�=Q= xr=UQ u}= QO xm |SQRo = p=kDv= |vLvt QO
=@ u=tRty |SQRo = p=kDv= |vLvt QO w |SQRo = � pB |@}mQD VwQ QO R}v Q}]kD
CU}=@|t xH}Dv QO "OvQ}o|t Q=Qk |SQRo = � |SQv= p}rLD OQwt |DQ=QL |=ypO@t
x@ Q}]kD |=yGQ@ |=Q@ wvQ=m ?} Q[ "O@=} xaUwD Q}]kD |=yGQ@ |=Q@ wvQ=m ?} Q[

"OwW|t x@U=Lt 8 |xrO=at CQwY
?}mQD swO K]U "2"4"2

Ci= pt=W C=R}yHD |SQRo = � |SQv= u=tRty p}rLD |}=v=wD |SQRo = p=kDv= |vLvt
=Q �QwDm ;Q� |}=}t}W C=@}mQD C=Q}}eD pt=W C=R}yHD w �u}@ QwD w QwUQBtm � Q=Wi
|=yQ=Owtv |=yha[ Q@ x@re |=Q@ w |SQRo = p=kDv= |vLvt O=Q}= x@ xHwD =@ "OQ=Ov
x=Qty xO}J}B Q=}U@ |Ov}=Qi |=yxv=t=U ?U=vt p}rLD |=Q@ R}v w H � 
 |@}mQD

|}=}t}W |SQRo = "2"3"2
u=ty xm CU= OQ=Ov=DU= Cr=L x@ uO}UQ u=} QH |}=yv Cr=L '|m} R}i |SQRo = QO
uOQw;CUO x@ |=Q@ |}=OD@=Cr=L 'Cr=L u}= uwvm = "CU= P0 w T0 Q=Wi x@ uO}UQ
|xar=]t T=U= Q@ "CU= Q}PBCWoQ@ |=yOv}=Qi QO O=wt u=} QH |}=}t}W |SQRo =
xU x@ u=wD|t =Q \wrNt l} |}=}t}W |SQRo = |x@U=Lt [16]Vv=Q=mty w CwoQ=R
|SQRo = u=wD|t |rm Qw] x@ "OQm s}UkD OwW|t xO=O K}[wD xt=O= QO xm xrLQt
ẁtHt� 4 w 3 |xrO=at CQwY x@ \}Lt QO =Q (Exchem) \wrNt RDvU R= |W=v

%OQm u=}@ �Exchem;3 wExchem;2 w Exchem;1
Exchem = Exchem;2 + Exchem;3 � Exchem;1 (3)

Exchem1 =
nX
i=1

yi
10X
i=1

�jGf;j

Exchem;2 =
nX
i=1

yi
10X
i=1

�jRT0 ln
�

P0n
Pref;j

�
Exchem;3 =

nX
i=1

yi
10X
i=1

�jRT0 ln
�
Pconv

P0

�
(4)

|SQRo = � pB |@}mQD VwQ |Q=PohOy "4"2
?}mQD pw= K]U "1"4"2

\UwD |Di=} QO |=tQo 'OwW|t xDiQo Q_v QO sQo u=} QH ?mQt |vLvt xm |v=tR
u=Wv =tO � |Br=Dv; Q=Owtv R= xO=iDU= =@ sQo w OQU |=yT} wQU R= |Ov}=Qi |xv=t=U
8wvQ=m ?} Q[ |xrO=at =@ =tO QwLt |v} Ro}=H =@ |Di=} QO |SQRo = "OwW|t xO=O
"Ov= xO}t=v |SQRo = �|SQv=?}mQD pw=K]U =QVwQu}= "OwW|t x@U=Lt �5|xrO=at�
�c = 1� Te

Tlm
(5)

|SQRo = � pB |@}mQD pwY= �hr=
'|Ov}=Qi |=yxv=t=U p}rLD QO |SQRo = VwQ w Iv}B VwQ |=}=Rt w ?}=at x@ xHwD =@
p}rLD |=Q@ |SQRo = � Iv}B |m}i=Qo |=yVwQ "OW x�=Q= |SQRo = � Iv}B |@}mQD
u=Wv |x]kv x@ u=wD|t xrtH u; R= xm OQ=O |}=yC}OwOLt |DQ=QL pO@t |xm@W
|SQv= u=R}t uO=O u=Wv pk=OL u}vJty w wvQ=m?mQt|vLvt Q=Owtv QO =ypO@t uO=O
l} Qy |xQ=@ QO |r}rLD xvwo I}y VwQ u}= "OQm xQ=W= |Ov}=Qi OL=w sRq |SQRo = w
|x@U=Lt w =ypO@t pm |UQQ@ x@ =yvD w OyO|tv x�=Q= xv=o =OH CQwY x@ =ypO@t R=
'xOW xDio |=yC}OwOLt x@ xHwD =@ "OR=OQB|t |SQRo = CiQQOy u=R}t MQv pk=OL
VwQ O=H}= xH}Dv QO w |SQRo = w Iv}B |@}mQD VwQ |xaUwD Q@ |aU xr=UQ u}= QO
|=yC} Rt T=U=Q@ VwQ u}= QO "CU= xOW |SQRo = � pB |@}mQD VwQ s=v x@ |@U=vt
x�=Q= |SQRo = p=kDv= |vLvt s=v x@ |O}OH |vLvt 'Iv}B VwQ x@ C@Uv pB VwQ
?mQt |vLvt x@ C@Uv |SQRo = p=kDv= |vLvt VwQ C} Rt u} QDsyt R= "CU= xOW
Q@ xwqa '|SQRo = � pB |xDi=}xaUwD VwQ QO xm OQm xQ=W= xDmv u}= x@ u=wD|t wvQ=m

"OwW|t xDN=OQB R}v |DQ=QL C=R}yHD p}rLD x@ '|DQ=QL |=ypO@t p}rLD
|SQRo = p=kDv= |vLvt |@=} RQ= �?

QDq=@ |=tO =@ |}=yxv=t=U� \}Lt w sQo |D}r}Dw} u}@ xDi=}p=kDv= |SQv= u=} QH MQv
R= QDu}}=B |=tO =@ |}=yxv=t=U� OQ@t |xNQJ w sQo |D}r}Dw} w �\}Lt |=tO R=
xDi=}p=kDv= |SQv= u=} QH MQv "CU=tO Qy QO |SQv= |xvR=wt |xH}Dv �\}Lt |=tO
w |HwQN |atHD |=tQo u=} QH MQv u}@ hqDN= =@ CU= Q@=Q@ T |=tO j} Q] R=
u=wva x@ \}Lt |=tO ?=NDv= =@ T |=tO QO |OwQw |atHD |=tQo u=} QH MQv
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1|
xQ=t

W3
6�3

|xQ
wO�

13
99

Q=y@
�'h

}QW
l}

v=mt
|U

Ovyt

�c =

8>>>>><>>>>>:
2666664
Qreb

�1� T0
Treb

�
+ f(hi � h0)� T0 (si � s0)gfeed +

P f(hi � h0)� T0 (si � s0)genetering�side�stream
Qcond

�1� T0
Tcond

�� f(hi � h0)� T0 (si � s0)gtop � f(hi � h0)� T0 (si � s0)gbottom�
f(hi � h0)� T0 (si � s0)goutput�side�stream

3777775
9>>>>>=>>>>>;R Ti

To
_mo�Cp�dT

�8�

"OQm h} QaD 12 |xrO=at CQwY x@
EDL =

��
�H

�
1� T0

Tlm

�
+ nRT0 ln Pout

Pin

�
�W

��
Ep

EDL =
��

�H
�

1� T0
Tlm

�
+ nRT0 ln Pout

Pin
]�

RTin

 � 1

��
Pout
Pin

� 
�1

 � 1

���
Ep (12)

Q}]kD GQ@ ECDL w TV CqO=at �?
|DWoQ@ u=} QH =@ GQ@ '`iO GQ@ '?PH GQ@ hrDNt `=wv= QO xm Q}]kD GQ@ R= hOy
O=wt Qo}O R= Q_v OQwt |xO=t |R=U=OH 'OvDUy |�RH |DWoQ@ u=} QH =@ GQ@ 'pt=m
xm CiQo Q_v QO |}=tQo u}W=t l} Ovv=t u=wD|t =Q Q}]kD GQ@ u}vJty "CU= x=Qty
|Y=N hOy 'OQU `@vt x@ =tQo u}= R= |Q=Okt `iO w u}at |=tQo Ci=} QO |=R= x@
j@=]t Q}]kD GQ@ hOy Q=Okt 'xOW xDio ?r=]t T=U= Q@ u}=Q@=v@ "Ovm|t p=@vO =Q
xm CU= Q_v OQwt xO=t |rwmrwt <RH X 'u; QO xm OwW|t h} QaD 13 |xrO=at
|rY= pwYLt u=} QH "OwW =OH GQ@ x@ |OwQw u=} QH QO C=@}mQD Qo}O R= O}=@
xOW =OH CqwYLt Qo}O R= w OQ=O OwHw u; QO Q_v OQwt |xO=t xm CU= |v=} QH

"CU=
ECDL w EDL |=yQ=Owtv p}rLDwx} RHD �G

QwLt w |SQv= ?} QND K]U Q=Okt T=U= Q@ |Owta QwLt 'EDL-TV Q=Owtv QO
T=U= Q@ ECDL-TV Q=Owtv u}vJty "OwW|t sUQ hOy Q=Okt T=U= Q@ |ki=
sUQ |ki= QwLt QO hOy Q=Okt w |Owta QwLt QO |SQRo = ?} QND |xv} Ry K]U
|x}L=v w |SQRo = ?} QND Q=Okt |xOvyOu=Wv EDL |vLvt Q} R |x}L=v "OwW|t
C=R}yHD R= l} Qy |SQRo = ?} QND |xv} Ry |xOvyOu=Wv ECDL |vLvt Q} R

"CU= |Ov}=Qi
|SQRo = ?} QND w |SQRo = ?} QND xm |D=R}yHD ECDL w EDL |xU}=kt =@
K]U xm |v=tR 'p=Ft Qw] x@ "OwW|t XNWt 'CU= syt =yv; QO l}twvwm =
K]U w OW=@ q=@ Qo}O C=R}yHD =@ xU}=kt QO R}yHD l} |=Q@ |SQRo = ?} QND
|SQRo = ?} QND 'OW=@ O=} R Q=}U@ Q_v OQwt R}yHD |=Q@ |SQRo = ?} QND |xv} Ry
KqY= u}=Q@=v@ "CU= pwYLt O}rwD |xv} Ry V}=Ri= syt pt=wa R= |m} R}yHD
|Q}otWJ Q}F-=D u; |R=UxJQ=Bm} w OL=w |R=Uxv}y@ QO Q_v OQwt R}yHD |Q=DN=U
OQwt R}yHD KqY= 'OW=@ sm u; ECDL w q=@ R}yHD l} EDL Qo = =t= "OQ=O
QDt=Q=B Q=Okt Qo = u}vJty "OQ=Ov |v=OvJ Q}F-=D pwYLt O}rwD |xv} Ry Vy=m QO Q_v
OQwt R}yHD |R=Uxv}y@ OW=@ O=} R Q=}U@ R}yHD l} EDL Q=Okt x@ C@Uv ECDL

OL=w |xv} Ry Vy=m x=Q =yvD w OwW|tv |O}rwD pwYLt |xv} Ry Vy=m Ea=@ Q_v
xH}Dv QO "CU= QDq=@ xOR=@ =@ Qo}O R}yHD u}t-=D w Q_v OQwt R}yHD Q}}eD |Ov}=Qi
xO=iDU= =@ u=wD|t =Q |Ov}=Qi |xv=t=U KqY= w Ow@y@ |=Q@ |}xOvvmQ=wO}t= C=Q}}eD

"O=O s=Hv= VwQ u}= R=

|=yQ=Owtv 'Q=m O}rwD w Q=Wi Q}}eD =@ x=Qty C=R}yHD '|}=}t}W C=@}mQD Q}}eD =@
xSwQB u}= QO |SQRo = � |SQv= xv} Ry hqD= |vLvt w |SQRo = � |SQv= hqD= |vLvt
OQmrta R= QDy@ lQO w |SQRo = hqD= |xv} Ry C}ty= x@ xHwD =@ "OwW|t |iQat
|xv} Ry hqD= |vLvt w |SQRo = � |SQv= hqD= |vLvt QDt=Q=B wO |}=}t}W Ov}=Qi
|m}i=Qo V}=tv l} 'QDt=Q=B wO u}= |iQat =@ Q_=vDt "CU= xOW x�=Q= |SQRo = �|SQv=
p}rLDwx} RHD w |SQRo = �pB?}mQDp}rLD T=U= Q@ C=R}yHD OQmrta uO=O u=Wv |=Q@

"OW Oy=wN x�=Q= l}twvwm =wtQD |SQRo =
uDiQo Q_v QO x@ u=wD|t ECDL w EDL |=yQDt=Q=B C} Rt u} QDsyt R=
u}= |SQRo = � |SQv= u=tRty p}rLD |=Q@ |Ov}=Qi C=R}yHD R= l} Qy OQmrta hOy
hrDNt C=R}yHD |=Q@ ECDL w EDL |=yQDt=Q=B |rm Qw] x@ "OQm xQ=W= C=R}yHD

%OwW|t x@U=Lt 10 w 9 CqO=at CQwY x@ |}=t}W |=yOv}=Qi

EDL =
_ED;k
T _Vk

(9)

ECDL =
_CD;k
T _Vk

(10)

"CU= |Ov}=Qi C=R}yHD QO |SQRo = hqD= u=R}t |xOvyOu=Wv _ED;k '9 |xrO=at QO
R= xm CU= |SQRo = hqD= xv} Ry u=R}t |xOvyOu=Wv _CD;k R}v 10 |xrO=at QO
|xOvyOu=Wv TV '10 w 9 |xrO=at wO Qy QO "OwW|t x@U=Lt 11 |xrO=at j} Q]
hqD= u=R}t |xOvyOu=Wv �EDL� |SQRo = � |SQv= hqD= |vLvt "CU= hOy `@=D
|SQRo = � |SQv= xv} Ry hqD= |vLvt "CU= hOy `@=D R= KW 1 |=R= x@ |SQRo =
Qy |=Q@ "CU= hOy `@=D R= kW 1 |=R= x@ |SQRo = hqD= |xv} Ry |xOvyOu=Wv
Qw] x@ "OwW|t h} QaD �TV) hOy `@=D 'xO=iDU= hOy w OQmrta x@ xHwD =@ R}yHD
u}vJty w Q_v OQwt ?}mQD l} |R=U=OH |}=v=wD Q}]kD GQ@ |=Q@ hOy `@=D p=Ft
Q_v QO Q=m O}rwD OL=w l} u=wva x@ u=wD@ =Q Q}]kD GQ@ xm |v=tR Q=m O}rwD |}=v=wD

"OwW|t h} QaD 'CiQo
R= l} Qy |SQRo = � |SQv= ?}mQD x@ \w@ Qt CqO=at |UQQ@ w x�=Q= x@ xt=O= QO
\@=wQ uOQw; CUO x@ =@ xm CU= QmP x@ sRq "CN=OQB s}y=wN |Ov}=Qi C=R}yHD
x@ \w@ Qt \@=wQ x@ u=wD|t |Ov}=Qi C=R}yHD |SQRo = � |SQv= ?}mQD x@ \w@ Qt

"Ci=} CUO �ECDL� l}twvwm = |SQRo = � |SQv= ?}mQD
_CD;K = cF;K _ED;k (11)

QwUQBtm EDL w TV CqO=at �hr=
hQYt =@ XNWt Q=Wi =D |Ov}=Qi |=yu=} QH |R=UxOQWi x@ h_wt =yQwUQBtm
x@ |HwQN u=} QH uOv=UQ QwUQBtm hOy u}=Q@=v@ "OvDUy |QwLt Q=m |v}at Q=Okt
hOy Q=Okt u}=Q@=v@ "CU= �W� Q=m hQYt =@ Q_v OQwt Q=Wi QO u}at |SQRo =
u=wD|t =Q |SQRo = ?} QND K]U "CU= QwUQBtm |HwQN u=} QH |SQRo = QwUQBtm
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RHD

TV = (Xmain component; main product stream � ECHEM ;main product stream)�P
(Xmain component ;feeds � ECHEM ;feeds) +Qreb

�
1� T0

Treb

�
�Qcond

�
1� T0

Tcond

�
EDL =

266664
Qreb

�
1� T0

Treb

�
+ f(hi � h0)� T0(si � s0)gfeed +

Pf(hi � h0)� T0(si � s0)genetering�side�stream
Qcond

�
1� T0

Tcond

�
� f(hi � h0)� T0(si � s0)gtop � f(hi � h0)� T0(si � s0)gbottom�

f(hi � h0)� T0(si � s0)goutput�side�stream

377775�TV

�13�

"|@v=H |=yT}wQU hQYt Q@ |DQ=QL pO@t |xm@W KqY= Q}F-=D "1 pwOH

x}=B |L=Q] VwQ =@ O}OH |L=Q] ��� Vy=m u=R}t
bridge� exergy

LP Stream 14637 73 11746 19 19 75
Cooling Water (kg=hr) 389043 92 300074 04 22 87

Compressor consumption work (kW) 9447 38 9447 38 0
Work production (kW) 3013 83 3013 83 0

O}rwD OL=w Q}]kD GQ@ w |DQ=QL pO@t |xm@W |SQRo = p=kDv= |vLvt "2 pmW
NGL

|xOvyOu=Wv 1Vri "CU= O} Q@DOwN OQ@t p=}U |xOvvmlvN E-1 |=ypO@t
pB |xOvyOu=Wv 2 Vri w fCsE�1hrE�2g pB
"CU= fCsT�100hrT�101�CONDENSOREg

|L=Q] =@ x}rw= |L=Q] QO |L=Q] |@v=H |=yT} wQU hQYt 1 pwOH QO
2 pwOH QO xm Qw] u=ty "CU= xOW xU}=kt |SQRo = � pB ?}mQD R= xO=iDU= =@ xv}y@
OL=w O}OH |L=Q] QO sQo w OQU |=yT} wQU hQYt u=R}t 'OwW|t xOy=Wt
=@ "O@=}|t Vy=m |SQRo = p=kDv= Q=Owtv R= xO=iDU= =@ 9|a}@] R=o C=@}mQD |R=U=OH
Q=Wi =@ Q=N@ w xOvvmlvN ?; hQYt u=R}t |SQRo = � pB |@}mQD VwQ R= xO=iDU=
x@ xHwD =@ C}=yv QO "O@=}|t Vy=m �19 75 w 22 87 u=R}t x@ ?}DQD x@ u}}=B
u=R}t |DQ=QL pO@t |xm@W |SQRo = � |SQv= KqY= =@ xm Cio u=wD|t 2 pwOH
|x}rw= |L=Q] x@ C@Uv 'Q=m Ca=U 8000 |=R= x@ QqO 418000 xvq=U OwU

"O@=}|t V}=Ri= Ov}=Qi

|Ov}=Qi R}yHD OW=@ 0 5 R= QDW}@ |Ov}=Qi R}yHD EDL Qo = xmCU= QmP x@ sRq
|Ov}=Qi R}yHD 'OW=@ 0=5 � 0=3 u}@ R}yHD EDL Qo = "OQ=O |R=Uxv}y@ x@ R=}v
C}ty= Ov}=Qi |R=Uxv}y@ u=tR xJu=vJ =t= &CU= l}ORv OwN |xv}y@ Cr=L x@
"OwW|t Ov}=Qi |xvq=U OwU V}=Ri= pt=a R}v C=R}yHD u}= |R=Uxv}y@ OW=@ xDW=Ov
|O=} R Q}F-=D Q_v OQwt R}yHD uOQm xv}y@ =@ x=ou; 'OW=@ 0 3 R= QDtm R}yHD EDL Qo =
|Ov}=Qi R}yHD xm CU=vat u=O@ u}= &OQ=Po|tv x=oDUO |SQRo = w |SQv= hqD= Q@

"Ovm|t Q=m xv}y@ Cr=L QO Q_v OQwt Ov}=Qi |D=}rta \}=QW QO

EL@ w G}=Dv "3
NGL O}rwD OL=w |SQRo = � pB p}rLD "1"3
|SQRo = � pB pw= K]U p}rLD w x} RHD "1"1"3

u}= "CU= xOW xO=O u=Wv 2 pmW QO NGL O}rwD OL=w |SQRo = p=kDv= |vLvt
pt=W |DQ=QL C=R}yHD R= l} Qy QO |SQRo = CiQ QOy MQv |xOvyOu=Wv |vLvt
xOvvmsQo |=ypO@t w |Ov}=Qi |DQ=QL pO@t '|v=} QHOvJ |DQ=QL pO@t 'Q}]kD GQ@

"CU= xOvvmOQU w
�LNG-101 w LNG-100� xv=} QHOvJ pO@t wO 'NGL O}rwD OL=w QO
R�=L |SQRo = p=kDv= |=y|vLvt QO xv=} QHOvJ |=ypO@t u}= |}=tv=H 'CU= OwHwt
|=yT} wQU |ak=w Q=Okt xm OwW|t XNWt 2 pmW x@ xHwD =@ "CU= C}ty=
39298 kW w 14284 kW ?}DQD x@ x}rw= |L=Q] QO R=}v OQwt sQo w OQU
R= CQ=QL p=kDv= C}r@=k �T-100� =ORu=Dt GQ@ xm OyO|t u=Wv 2 pmW "CU=
"OQ=O =Q �T-100� =ORu=D= GQ@ |xOvvmu=a}t x@ �|R=Uu=} Qa CtUk� GQ@ |xv=}t
u=} QH u}= R= xO=iDU= w =ORu=Dt GQ@ |xv=}t R= |HwQN `}=t u=} QH |=tO V}=Ri=
|Ov}=Qi OL=w |R=UxJQ=Bm} V}=Ri= Ea=@ =ORu=D= GQ@ xOvvmu=a}t QO OQ@t u=wva x@

"OwW|t
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xQ=t

W3
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|xQ
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13
99

Q=y@
�'h

}QW
l}

v=mt
|U

Ovyt "OL=w |=yxv} Ry Q@ |DQ=QL pO@t |xm@W KqY= Q}F-=D "2 pwOH
x}=B |L=Q] VwQ =@ O}OH |L=Q] ���Vy=m u=R}t

bridge� exergy method

LP Steam ($=hr) 219 84 176 42 19 75
Cooling Water ($=hr) 38 66 29 83 22 84

Compressor consumption work ($hr) 570 62 570 6 0
Work production ($=hr) 182 04 182 04 0

The annual pro�t ($=year) 418000

"NGL O}rwD OL=w Q}]kD |=yGQ@ EDL/ECDL "4 pmW

|=Q=O C-3 w C-1 |=yQwUQBtm 'OwW|t xOy=Wt 3 pmW QO xm Qw] u=ty
Q@ xv} Ry w |SQv= '|SQRo = hqD= pt=a C=R}yHD u}= "OvDUy |}q=@ ECDL wEDL

"OwW xv}y@ O}=@ xm OvDUy |Ov}=Qi OL=w uOw@
R= T-101 w T-100 Q}]kD GQ@ wO Qy 'OwW|t xOy=Wt 4 pmW QO xm u=vJ
|xv} Ry V}=Ri= syt p}qO R= |m} u}= w OvOt;Q=m =v Q=}U@ |SQRo = � |SQv= xOR=@ Q_v

"OwW xv}y@ O}=@ xm CU= NGL O}rwD

NGL O}rwD OL=w |R=Uxv}y@ "2"3
=Hu}= QO "OwW|t ?=NDv= |OQwt |UQQ@ u=wva x@ u=D= Ci=} R=@ OL=w j}kLD u}= QO
xOW ?=NDv= 'OvyO Q=Qk Q}F-=D CLD =Q OL=w OQmrta OvQO=k xm |D=}rta |=yQDt=Q=B
|ak=w Q}O=kt =@ G}=Dv w OwW|t pL xOW h} QaD |R=Uxv}y@ |xr�Ut 'u=}=B QO "CU=

"OvwW|t xU}=kt

"NGL O}rwD OL=w u}@ QwD w QwUQBtm EDL/ECDL "3 pmW

|SQRo = � pB swO K]U p}rLD w x} RHD "2"1"3
|SQRo = hqD= u=R}t |x@U=Lt w |SQRo = p=kDv=|vLvt |=yQ=Owtv p}rLD R= xO=iDU= =@
|SQv= hqD= =@ C=R}yHD uOW XNWt x@ QHvt 'CQ=QL p=kDv= pt=W C=R}yHD |=Q@
p}rLDwx} RHD swO K]U QO "OW C=R}yHD u}= |=Q@ |R=Uxv}y@ swRr w q=@ |SQRo = w
xaUwD EDL-TV Q=Owtv x@ �c � _E Q=Owtv R= |SQRo = w |SQv= ?}mQD '|SQRo =
OQwt C=R}yHD uOWXNWt |=Q@ ECDL-TV wEDL-TV |=yQ=Owtv "O@=}|t
4 w 3 |=ypmW QO �|}=}t}W C=@}mQD R=U=OH =} u=wD O}rwD pt=W � |R=Uxv}y@ x@ R=}v

"CU= xOW sUQ
?} QND QO xm OwW|t XNWt 'OwW xU}=kt ECDL =@ EDL xm |v=tR
QDpt-=D p@=k w QDtyt |Ov}=Qi C=R}yHD R= l}t=Om QO w Ov}=Qi CtUk s=Om QO |SQRo =
pt=a R}yHD u}= OW=@ q=@ Q=}U@ R}v u; ECDL w q=@ R}yHD EDL Qo = "CU=

"OQ=O |R=Uxv}y@ x@ R=}v w CU= Q_v OQwt pwYLt O}rwD |xv} Ry V}=Ri=
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RHD"=yv; u}}=B w q=@ OwOL w |L=Q] |=yQDt=Q=B "3 pwOH

pkDUt |=yQ}eDt u}}=B OL q=@ OL |ak=w Q=Okt
X1 : Molar 
ow of stream 14 (Kgmol=h) 1900 2100 62005 4
X2 : Molar 
ow of stream 20 (Kgmol=h) 1900 2100 2001 69
X3 : Molar 
ow of stream 12 (Kgmol=h) 43 50 44 50 4400
X4 : Tempratuare of stream 20�A (0C) �36 �32 �32 76

X5 : Temprature of stream 35 (0C) 17 23 19 418
X6 : Temprature of stream 17 (0C) �42 �38 �40 54
X7 : Temprature ofstream 19 (0C) �4 �2 �3
X8 : Pressure of stream 8 (Kpa) 2300 2600 2519

X9 : Pressure of demethanizer (Kpa) 2385 2585 2485
X10 : outlet Pressure of VLV � 4 558 610 598

X11 : Molar 
ow of stream 2 (Kgmol=h) 14500 15500 15032 48
X12 : Molar 
ow of stream 42 (Kgmol=h) 1400 1600 1500

X13 : re
ux ratio of deethanizer 0 5 1 0 8

"xr�Ut Ow}k C=YNWt "4 pwOH
Ow}k Q}O=kt

C1 Recovery � (from demethanizer) > 99 99 97
C2 Recovery � (from demethanizer) > 90 90 15
C2 Recovery � (from deethanizer) > 88 90 07

C3 Recovery � (from demethanizer) > 98 98 74
C3 Recovery � (from deethanizer) > 89 89 67
C3 outlet temperature stream < 1000C 92 96

Minimum approch temperature of MASHX� 1 > 20C 2 024
Minimum approch temperature of MASHX� 2 > 20C 3 126
Minimum approch temperature of MASHX� 3 > 20C 2 029

QDtm |YNWt OL R= O}=@v w Ovm|t pQDvm =Q u=B wQB w u=D= w u=Dt Ci=} R=@ u=R}t
=Q Q}]kD GQ@ R= CqwYLt Ci=} R=@ u=R}t |x@U=Lt |xk} Q] 14 |xrO=at "OwW
C@F NGL O}rwD Ov}=Qi |R=Uxv}y@ QO Q_v OQwt Ow}k 4 pwOH QO "OyO|t u=Wv

"CU= xOW
|r[=iD pt=mD sD} Qwor= |xr}Uw x@ |R=Uxv}y@ "3"2"3

10|r[=iD pt=mD sD} Qwor= |xr}Uw x@ |R=Uxv}y@ R= pY=L G}=Dv 5 pwOH QO
"CU= xOW xO=O u=Wv

Methane re covery =

Molar flow of demethanizer up stream
Molar flow of demethanizer feed streams

� �99 0
Ethane re covery =

Molarflowof deethanizer up stream
Molar flow of demethanizer feed stream

� �90 0
Pr opane re covery =

Molar flow of deethanizer down stream
Molar flow of deethanizer feed stream

� �89 0 (14)

xv}y@ |L=Q] |=yQDt=Q=B "1"2"3
|=yQDt=Q=B u=wva x@ OL=w Cw=iDt \=kv Q=Wi w =tO 'u=} QH COW CtUk u}= QO
xOW C@F =yu; |xR=@ w =yQDt=Q=B u}= 3 pwOH QO "OQ}o|t Q=Qk xO=iDU= OQwt |L=Q]

"CU=
xr�Ut |=yC}OwOLt h} QaD "2"2"3

R= xm 'OwW|t ?=NDv= p}rO OvJ x@ |R=Uxv}y@ |xr�Ut QO �O}k� C}OwOLt
R= "CU= T}U}=y � uBU= R=U x}@W Q=Ri= sQv |=yC}OwOLt =yv; u} QDtyt
OQm h} QaD |Ow}k O}=@ 'OQ}PB|t s=Hv= R=Ux}@W QO C=@U=Lt s=tD xm =Hu;
CUO x@ xv}y@ u=wva x@ C}=yv QO xm |@=wH =D Ovm pQDvm =Q C=@U=Lt xm
=yx=oDUO |L=Q] QO u}vJty "OW=@ Q_v OQwt |xR=@ QO w pw@k OQwt O};|t
C}=aQ Ov}=Qi |L=Q] QO =Q =yC}OwOLt u}= O}=@ xm OQ=O OwHw |}=yC}OwOLt R}v

"OQm
xm u}= =D OQm xHwD |m}ORv |=tO pk=OL x@ O}=@ =ypO@t |L=Q] QO p=Ft Qw] x@
R= QDW}@ xm CiQo Q_v QO =Q QwUQBtm R= |HwQN |=tO u=wD|t =} 'OwWv 20C R= QDtm
|rwkat Q=Okt umWQ=Wi |=yQ}W QO Q=Wi Ci= u=R}t O}=@ u}vJty "OwWv 120C
xm OwW|t h} QaD R}v |Qo}O Ow}k "Ovm|t pQDvm =Q =yOL=w OQmrta Ow}k u}= "OW=@
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Ovyt "|r[=iD pt=mD sD} Qwor= |=yQDt=Q=B w pkDUt |=yQ}eDt |xv}y@ Q=Okt "5 pwOH
C}atH O=OaD 20
VQ@ pta 0 8

pUv O}rwD O=OaD 50
X1 : Molar 
ow of stream 14 (Kgmol=h) 1992 34 X8 : Pressure of stream 8 (Kpa) 2339 48
X2 : Molar 
ow of stream 20 (Kgbol=h) 1956 50 X9 : pressure of demethanizer (Kpa) 2409 80
X3 : Molar 
ow of stream 12 (Kgmol=h) 4380 96 X10 : outlet Pressure of VLV � 4 609 68
X4 : Temprature of stream 20�A(0C) �34 61 X11 : Molar 
ow of stream 2 (Kgmol=h) 14701 76

X5 : Temprature of stream 35 (0C) 18 69 X12 : Molar 
ow of stream 42 (Kgmol=h) 1519 10
X6 : Temprature of stream 17 (0C) �41 54 X13 : re
ux ratio of deethanizer 0 84
X7 : Temprature of stream 19 (0C) �3 78

Objective function 0 9794

"|R=Uxv}y@ R= Oa@ w p@k |@v=H |=yT}wQU hQYt u=R}t "6 pwOH
VwQ =@ O}OH |L=Q]

xv}y@ |L=Q] ���Vy=m u=R}t
bridge� exergy

(�)

LP Steam (kg=hr) 11746 19 10053 25 14 41
Cooling Water (kg=hr) 300074 04 261694 73 12 79

Compressor consumption work (kW) 9447 38 8987 09 4 87
Tube No: : 98

deethanizer feed preheater ($) Shell length : 1=8 m

"|R=Uxv}y@ R= Oa@ w p@k NGL O}rwD xv=t=U |@v=H |=yT}wQU |xv} Ry "7 pwOH
VwQ =@ O}OH |L=Q]

xv}y@ |L=Q] ��� Vy=m u=R}t
bridge� exergy

(�)

Lp steam (kg=hr) 176 42 150 99 14 41
Cooling Water ($=hr) 29 82 26 01 12 79

Compressor consumption work ($=hr) 570 62 542 82 4 87
Capital cost of deethanizer feed preheater ($) �� 543921

The annual pro�t ($=year) 396400

|=yxv} Ry |x@U=Lt QO O}=@ xm 'OwW|t hQYt|v=Q@H ?; u=wva x@ xOvvmlvN ?;
"CiQo Q_v QO |D=}rta

w |D=}rta |=yxv} Ry Vy=m x@ xHwD =@ xv=}r=U OwU 'xv}y@ Q}O=kt p=ta= =@
OL=w Q=m Ca=U 8000 |=R= x@ QqO 396400 pO=at 'C@=F |=yxv} Ry V}=Ri=
=@ Q@=Q@ xv=}r=U OwU |}=yv u=R}t Cio u=wD|t C}=yvQO "O@=}|t V}=Ri= |Ov}=Qi

"CU= QqO 814400

|Q}oxH}Dv "5
OQ@ Q=m Q=N@ x=Qty x@ u=wD O}rwD p�=Ut pL |=Q@ \ki uwvm =D l}twvwm =wtQD \@=wQ
|rY=\@=wQ� |m}twvwm =wtQD\@=wQ VQDUo ut[ Q[=L |xar=]t QO "CU= xDW=O

|R=Uxv}y@ G}=Dv "4
|=yQwUQBtm |iQYt Q=m 'sQo w OQU |=yT} wQU |iQYt Q=Okt 6 pwOH QO
|Ov}=Qi u=} QH Q=Wi Ci= p}rO x@ |O}rwD Q=m R}v w |HQ=N w |rN=O O} Q@D |xNQJ
"CU= xOW xO=O u=Wv |R=Uxv}y@ R= Oa@ OL=w |L=Q] w OL=w |x}rw= |L=Q] QO
Vy=m |iQYt Q=m w OQU |=yT} wQU |iQYt Q=Okt OwW|t xOy=Wt xm u=vJ

"CU= xDi=}
w sQo w OQU |=yT} wQU R= l} Qy |D=}rta |xv} Ry Q=Okt 7 pwOH QO
7 pwOH QO u}vJty "CU= xOW xO=O u=Wv QwUQBtm |iQYt |=yxv} Ry u}vJty
|=yu=} QH umtQoV}B u=wva x@ pO@t wO uOW xi=[= R= |W=v C@=F |=yxv} Ry
u=} QH R= OYQO 3 4 =yvD xm CW=O xHwD O}=@ "CU= xOW xOQw; =ORu=D= GQ@ l =QwN
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RHDKqY= x@ QO=k 'pO@t Qy QO |SQRo = ?}mQD MQv Q_v R= Q}]kD |=yGQ@ w |DQ=QL

u}vJty "CUy R}v =ypO@t u}@ ?U=vt |=ypB O=H}= =@ |DQ=QL pO@t |xm@W
=} � O} Q@D xNQJ Ovv=t � xO=U |=yxv=t=U |=Q@ =yvD |r[=iD pt=mD VwQ uwvm =D
VwQ xSwQB u}= QO "CU= xOW xO=iDU= � QwDm ;Q |R=Uxv}y@ Ovv=t � R}yHDlD |=Q@
u=tRty CQwY x@ O} Q@D |xNQJ w |Ov}=Qi |xO}J}B |xv=t=U |wQ |r[=iD pt=mD

"CU= xOW xO=iDU= |R=Uxv}y@ |=Q@

|O=YDk= p�=Ut � : : : w QwDm ;Q 'Q}]kD GQ@ pt=W � |Ov}=Qi C=R}yHD |=Q@ �|mtm w
|U} QD=t VwQ =@ w u=tRty CQwY x@ O} Q@D |=yxNQJ x=Qty x@ |Ov}=Qi |=yOL=w
CQwY x@ Ov}=Qi p}rLD |=Q@ QDW}@ |SQRo = w Iv}B p}rLD |=yVwQ R= "CU= xOW pL
|=ypO@t p}rLD |=Q@ =yvD R}v |SQRo = w Iv}B ?}mQD R= "CU= xOW xO=iDU= =RHt
x@ |SQRo = w Iv}B ?}mQD |=Q@ |O}OH VwQ xr=kt u}= QO "OwW|t xO=iDU= |DQ=QL
pO@t |xm@W p}rLD |}=v=wD Q@ xwqa VwQ u}= "CU= xOW x�=Q= |SQRo = w pB s=v

=yCWwv=B
1. biomass integrated gasi�cation combined cycle (BIGCC)
2. mixed-integer linear programming (MILP)
3. hot and cold uilities
4. grand composit curve
5. exergy transfer cure
6. exergy cost destruction level (ECDL)
7. target value (TV)
8. Carnot factor
9. natural gas liquids
10. di�erntial evolution algoritm

�References� `@=vt
1. Meckler, M. and Hyman, L. sustainable on-site chp sys-

tems design construction and operations. MC graw hill
2010.

2. Staine, F. and Favrat, D. \Energy integration of indus-
trial processes based on the pinch analysis method ex-
tended to include exergy factors", Appl. Therm. Eng.,
166, pp. 497-507 1996.

3. Linnho�, B. and Dhole, V.R.\Shaftwork targets for low-
temperature process design", Chem. Eng. Sci., 478, pp.
2081-2091 Jun. 1992.

4. Hasan, M., Manesh, K. and Amidpour, M. \New graph-
ical methodology for energy integration in nuclear steam
power plant", Proc. 16th Int. Conf. Nucl. Eng., 1, pp.
1-17 2008.

5. Mehrpooya, M. Jarrahian, A. and Pishvaie, M. \Simula-
tion and exergy-method analysis of an industrial refrig-
eration cycle used in NGL recovery units", Engineering
Research, 30, pp. 1336-1351 2006.

6. Ataei, A. and Yoo, C.\Combined pinch and exergy anal-
ysis for energy e�ciency optimization in a steam power
plant," Int. J. Phys. Sci., 57, pp. 1110-1123 2010.

7. Bhattacharya, A., Manna, D., Paul, B. and et
al.\Biomass integrated gasi�cation combined cycle

power generation with supplementary biomass �ring:
Energy and exergy based performance analysis", Energy,
365, pp. 2599-2610, 2011.

8. Grip, C. E., Larsson, M. Harvey, S. and et al. \Process
integration. tests and application of di�erent tools on an
integrated steelmaking site," Appl. Therm. Eng., 532,
pp. 366-372, 2013.

9. Quijera, J. A. and Labidi, J. \Pinch and exergy
based thermosolar integration in a dairy process", Appl.
Therm. Eng., 50 1, pp. 464-474 2013.

10. Sahafzadeh, M., Ataei, A., Tahouni, N. and et al. \In-
tegration of a gas turbine with an ammonia process for
improving energy e�ciency", Appl. Therm. Eng., 58(1),
pp.594-604 (2013).

11. Ghannadzadeh, A. and Sadeqzadeh, M.\Exergy aided
pinch analysis to enhance energy integration towards
environmental sustainability in a chlorine-caustic soda
production process", Appl. Therm. Eng., 125, pp. 1518-
1529 (2017).

12. Gourmelon, S. H�etreux, R. and Floquet, P.
\PiXAR:Pinch and eXergy for the analysis and
retro�t design of industrial processes", 38, pp.
1941-1946 (2016).

13. Rad, M .P., Khoshgoftar Manesh, M. H., Rosen, M. A.
and et al. \New procedure for design and exergoeco-
nomic optimization of site utility system considering re-
liability", Appl. Therm. Eng, 94, pp. 478-490 (2016).

14. Malham, C. B., Tinoco, R. R., Zoughaib, A. and et al. \A
novel hybrid exergy/pinch process integration method-
ology", Energy, 156, pp. 586-596 (2018).

15. Mortazavi, A., Somers, C., Hwang, Y. and et al. \Perfor-
mance enhancement of propane pre-cooled mixed refrig-
erant LNG plant", Appl. Energy, 93(6-7), pp. 125-131
(2012).

16. J. Szargut, \Chemical exergies of the elements," Appl.
Energy, 32(4), pp. 269-286 (1989).

98


