
�14
01

u=DU
@=D�

'h}
QWC

}Q}O
tw

`}=v
Y

|U
Ovyt

�|W
ywSB

�'9
4�8

1"
X

'1|
xQ=t

W'
38

�1
|xQ

wO

O
ri

gi
na

lA
rt

ic
leu}t-=D |xQ}HvR |xm@W OQmrta |R=Uxv}y@

QO |a=tDH= |=yC}rw�Ut Q@ O}m-=D =@ q] xDU@xkrL
�u=QwWQR |q] xv=NQ=m %xar=]t OQwt� C}a]k sOa \}=QW

�Q=}Wv=O� �|O=@�}v |a}iW uULt
�Q=}O=DU=� sOkt =[Q}ra

�OWQ= T=vWQ� � |Q}N |[DQt
�|QDmO |wHWv=O� |D=}@t=W x}v=y

u=vtU x=oWv=O '|Q=O= swra w C} Q}Ot 'O=YDk= |xOmWv=O

jiwt |R=UxO=}B xm CU= ?@U u=O@ 'uO=at QO xS} wx@ 'u}t-=D |xQ}HvR C} Q}Ot C}ty=
"OwW|t lU} Q Vy=m w |QwxQy@ w OwU V}=Ri= '=yxv} Ry uOW QDsm ?Hwt xQ}HvR

O=H}= w O=YDk= QO C@Ft C=Q}F-=D OwHw =@ |vOat CqwYLt |Qw;Qi w uO=at u}= p=YLDU=
C@Ft C=QF= x@ xHwD CQwQ[ "OQ=O R}v CU} R \}Lt Q@ |Q=}U@ |ivt Q=F; 'p=eDW=

'|vOat `}=vY QO u}t-=D |=yxQ}HvR |]}LtCU} R ?wr]t=v C=QF= w |a=tDH= w |O=YDk=
'VywSB u}= hOy "CU= xO=O jwU |a=tDH= |=yC}rw�Ut |R=UpOt CtU x@ =Q u}kkLt

OwU u=tRsy |R=Uxv}W}@ hOy =@ u=QwWQR |q] uOat u}t-=D |xQ}HvR |R=Uxv}y@
|=ysD} Qwor= wO R= xO=iDU= =@ C}a]k sOa \}=QW QO |a=tDH= |=yC}rw�Ut w |O=YDk=
w u}t-=D |xQ}HvR |O=YDk= OwU u=}t |Uwmat \=@DQ= xm O=O u=Wv G}=Dv "CU= |Q=mD@==Qi
q] VwQi C}iQ_ C}U=UL p}rLD w x} RHD "OQ=O OwHw CmQW |a=tDH= |=yC}rw�Ut

QO "O@=}|t V}=Ri= |a=tDH= C}rw�Ut w |O=YDk= OwU 'VwQi V}=Ri= =@ xm O=O u=Wv
u}vJty w xr]=@ l =N O}rwD u=R}t w |}xv=Nro |=yR=o O}rwD u=R}t 'O}rwD V}=Ri= =@ 'Ck}kL
O=H}= p=eDW= w xk]vt QO xOW s}UkD |y=iQ |=}=Rt =t= 'O@=}|t V}=Ri= ?; hQYt u=R}t

"OwW|t |a=tDH= C}rw�Ut V}=Ri= x@ QHvt w Ovm|t x@re |ivt pt=wa u}= Q@ xOW

sha�ei@semnan.ac.ir
moghaddam@semnan.ac.ir
kheyrimorteza@gmail.com
h.shambayati@semnan.ac.ir

u}t-=D |xQ}HvR |xm@W 'xDU@xkrL u}t-=D |xQ}HvR '|R=Uxv}y@ %|O}rm u=oS=w
"C}a]k sOa '|vOat `}=vY 'q] u}t-=D |xQ}HvR '|a=tDH= C}rw�Ut 'Q=O}=B

xtOkt "1

OQmrta QO syt |Wkv u}t-=D |xQ}HvR |xm@W |L=Q] [3w2]"OwW|t pt=W =Q
Kw]U |=y|Q}os}tYD Q}=U Q@ u}vJty w u; |D@=kQ |=yC} Rt w u}t-=D |xQ}HvR
|=Q@ xOwRi= VRQ= O=H}= [2]"OQ=O u=tR pw] QO u}t-=D |xQ}HvR |vi w |D=}rta
[4]"CU= u}t-=D |xQ}HvR l} |x}rw= hOy 'u=tR=U u=Q=Os=yU u}vJty w u=} QDWt
Twmat w s}kDUt |=yC}r=ai pt=W xDU@xkrL u}t-=D |xQ}HvR |xm@W |L=Q]
'|L=Q] =@ pwYLt l} Qta |xQwO VRQ= |R=Uxv}W}@ |=Q@ u}t-=D |xQ}HvR QO
R= xm |O=YDk= |=}=Rt x@ xHwD =@ R}v =yCmQW [3]"CU= sDU}U l} |=QH= w pQDvm
p=@kDU= =yxm@W u}= C} Q}Ot w O=H}= R= 'OvQw;|t CUO x@ Twmat u}t-=D |xQ}HvR
|x}rw= O=wt x@ xHwD Twmat u}t-=D |xQ}HvR C}ty= p}qO R= Qo}O |m} "Ov=xOQm
xO=iDU= CqwYLt CN=U QO xm CU= |O}OHD p@=k Q}e =} =y@u=Qo w VRQ= =@
CqwYLt w C=a]k 'O=wt R= OOHt |xO=iDU= |=Q@ p}rO u} QD|rY= [5]"OwW|t

"OvDUy pwLD w Q}}eD p=L QO |O=} R CaQU =@ CavY w O=YDk= '|vwvm |=}vO QO
p}rO x@� u=yH uOW QDlJwm 'OwHwt uOW |v=yH OvwQ p}rO x@ =yQwWm u}vJty
x@ u=} QDWt "Ovvm|t T=UL= QDW}@ =Q C@=kQ V}=Ri= �l}ORv w xOQDUo C=]=@DQ=
R= &OyO MU=B QDW}@ =yu; X=N |=yR=}v x@ xm OvDUy |D=tON w =yq=m p=@vO
hOy =@ |D@=kQ |=yC} Rt jrN w OwU ^iL p=@vO x@ R}v =yCmQW Qo}O |wU
|xQ}HvR x@ QDW}@ xHwD x@ QHvt jwi pt=wa |xty "OvDUy Q=R=@ QO QDW}@ s=wO
w Cq}yUD R= xJQ=Bm} |tDU}U u=wvax@ u}t-=D |xQ}HvR [1]"CU= xOW u}t-=D
lQ=OD xrtHR= Q=mw?Um pN=O |=yC}r=ai w h}=_w xm OwW|t h} QaD =yC}r=ai

pw�Ut xOvU} wv �
"1400 6 24 VQ}PB '1400 4 9 x}LqY= '1399 12 24 Ci=} QO %M} Q=D

DOI:10.24200/J65.2021.57209.2188

|}=yv u=} QDWt x@ CqwYLt u}= `} RwD w |}=yv pwYLt x@ O=wt p}O@D 'x}rw= O=wt



"""u
}t- =D

|xQ
}HvR

|xm
@WO

Qmrt
a|

R=Ux
v}y@|}=yv pwYLt Ct}k Q@ x}rw= O=wt Ow@tm 'CU= xDi=} V}=Ri= |Oa=YD Qw] x@

R= |m} x@ OOHt O}rwD w swO CUO CqwYLt Ci=} R=@ 'u}=Q@=v@ "OQ=Po|t Q}F-=D
OWQ w ?U=vt Ot;QO OOHt O}rwD "CU= xOW p}O@D RwQt= |=}vO QO G}=Q |=yxv} Ro
u=oOvvmO}rwD |=Q@ |]}LtCU} R |=yxR}ov= u}vJty w Ovm|t sy=Qi =Q |O=YDk=
'u=} QDWt |y=o ; u}vJty w O}OW C@=kQ '|R=U|v=yH G}=Dv R= |m} [15]"OQ=O
l} SD=QDU= Q_v R= OwN |]}Lt |=BOQ pQDvm |=Q@ =yCmQW R= |Q=}U@ |QovR=@
'OwW|tv ?wULt |D@=kQ C} Rt l} Qo}O uOw@ CU} R \}Lt Q=ODUwO "CU=
R= [16]"CU= CQwQ[ l} u=aiv|P |=Q@ |Q=HD C}@=PH w |Q=oOv=t |=Q@ xmr@
|=yC} Rt x@|@=}DUO |=Q@ u}t-=D |xQ}HvR |xm@W|a=tDH= |x@vHC}ty= '|iQ]
QHvt xm@W |a=tDH= C=Q}F-=D uDiQo Q_v QO "CU= uWwQ xm@W u=Q@yQ |=Q@ |D@=kQ
|D@=kQ C} Rt l} Ov=wD|t xm OwW|t u=tR=U R= ?wN |twta Q} wYD l} ?Um x@
O=YDk= |xaUwD w |R=U|DavY M} Q=D pw] QO [17]"OQw; CUO x@ CmQW |=Q@
w O=Qi= |=Q@ |}=}=Rt w xOW peW O=H}= V}=Ri= Ea=@ w CU= xOQm QDy@ =Q `t=wH
CqmWt ?@U |DavY |xaUwD Qo}O |wU R= "CU= xOQw; u=etQ= x@ =yu=tR=U
xaUwD QO |Q=O}=B x@ u=oty xHwD xH}Dv QO &CU= xOW |a=tDH= w |]}LtCU} R
p@=kDt |oDU@=w xm CU= xJQ=Bm} |OQm} wQ 'Q=O}=B |xaUwD [18]"CU= xDi=} V}=Ri=
QO u=tR=U l} |a=tDH= w |]}LtCU} R '|O=YDk= O=a@= |=yOQmrta Oa@ xU
Q=O}=B |xaUwD �2012� T} w}O w |Qw�ri [19]"Ovm|t |}=U=vWR=@ u=tR=U l}
|=yQ=Wi '|a=tDH= |=y|v=Qov '|O=YDk= |xaUwD *pt=a Q=yJ |R=UxJQ=Bm} =Q
u}@ R= uwO@ w xvqO=a |OQm} wQ =@ xm Ovm|t u=wva C}tm =L w |]}LtCU} R
ltm w OQ=O xHwD |vwvm pUv x=iQ x@ 'xOv}; |=ypUv C=}[Dkt w =yR=}v uOQ@
|=yC}r=ai wC=}rta R=|}=yx@vHu}t-=D |=yxQ}HvR QO|a=tDH=p�=Ut [20]"Ovm|t
Q}F-=D CLD =Q `t=wH |xaUwD w |v=Uv= x=iQw w C}vt= xm OvDUy u}t-=D |xQ}HvR
Ea=@ xm OvDUy |}=ys}tYD pt=W |a=tDH= p�=Ut C} Q}Ot w OvyO|t Q=Qk
xat=H hQ] R= pw@k p@=kQ}e =} |kqN=Q}e C=t=Ok= P=ND= R= CmQW |Q}oW}B

[21]"OvwW|t

|vOat `}=vY QO |Q=O}=B "2"2
|=Q@ x}rw= O=wt uOQm sy=Qi =@ xm CUv=O |tyt |=yC}r=ai R= u=wD|t =Q |Q=muOat
|DUQOx@ CavY u}= Qo = "OwW|t xat=H |xaUwD w OWQ ?@U 'xQtRwQ sqk= O}rwD
|}xDUHQ@ |r=t `@vt Ov=wD|t Civ w |Q=muOat R= xOt;Q@ CwQF 'OwW C} Q}Ot
QwWm Q}ki C}atH |oOvR |=yOQ=Ov=DU= |=kDQ= ?@U Ov=wD|t wQ u}= R= "Ovm sy=Qi
"OwW xaUwD p=L QO |=yQwWm C=tON w O}rwD VN@ CiQW}B w |R=Ov=x=Q R}v w
=yu}tR |=}L= QO ha[ =} uOw@v 'C=a}=[ h}a[ C} Q}Ot p}rO x@ |vOat `}=vY
xDW=Po CU} R \}Lt Q@ |O=} R C=Q}F-=D '|]}LtCU} R p�=Ut Q@ O}rwD K}HQD w
&x} Q u=]QU w RwDU@ R; 'T} Rwm}r}U 'Rw}vwmwtwvB Ovv=t |reW |=y|Q=t}@ "CU=
'|]}LtCU} R \}=QW Ci= p}rO x@ u=vmQ=m w |tw@ u=vm =U |DtqU CqmWt Q}=U
=@ \@DQt |a=tDH= p�=Ut R= |NQ@ 'VRwt; w Q=m |vt}= 'l}i=QD sHL V}=Ri=
|W=v |=yxv} Ry w |Q=muOat R= |W=v |=yu=QL@ uDi=} COW [19]"OvDUy |Q=muOat
|=Q@ lU} QQB |D}r=ai |Q=muOat xm CU= xOQm O=H}= =Q QwYD u}= xat=H QO 'u; R=
Q=F; R= |y=o ; V}=Ri= =@ [22]"CU= CU} R \}Lt |DL w u=vmQ=m 'xat=H |t=tD
Vy=m |=Q@ CrwO w xat=H hQ] R= |vOat |=yCmQW Q@ Q=Wi |Q=muOat Q=@u=} R
|=yCmQW 'u}= Q=vm QO "CU= V}=Ri= p=L QO |a=tDH= w |]}LtCU} R C=QF=
Ck@=]t |=Q@ u=W|}=v=wD x@ =yv; COtOvr@ C}kiwt xm Ov=xDi=} QO |oR=D x@ |vOat

xwqa "CU= O=wt w CqwYLt u}= hPL x@C@Uv Q=m u}= |O=YDk= |xiQY p}rOx@
|xaUwD wV}=Ri= |=Q@|twO pt=a R}v|DU} R\}Lt |=y|v=Qov '|O=YDk= p�=Ut Q@
|a=tDH= w |DU} R\}Lt |=yx@vH |R=UxJQ=Bl} [6]"CU= xDU@xkrL |=yC}r=ai
s=a Qw]x@ 'OvwW|t xDN=vW |v=tR=U |Q=O}=B Oa@ xU x@ xm '|O=YDk= C=_Lqt =@
u}t-=D |xQ}HvR C} Q}Ot =@ X=N Qw] x@ w |D} Q}Ot uwRi=RwQ |=y|Q}os}tYD =@
R= uwRi=RwQ |xO=iDU= x@ =yCmQW w [7]CU= xOQm Q=QkQ@ x]@=Q C=}rta C} Q}Ot w
[8]"OvR=OQB|t|a=tDH=|=yXN=W wC}vt= w|DtqU '|DU} R\}Lt|=yXN=W
|a=tDH= p�=Ut w =yCmQW |a=tDH= C}rw�Ut '|Q=O}=B QO syt s}y=it R= |m}
C=t}tYD QO |a=tDH= |=yx@vH p�=Ut uDiQo Q_v QO [9]"CU= u}t-=D |=yxQ}HvR
"OR=U|t umtt =Q u=aiv|P Q@ u}t-=D |xQ}HvR C=Q}F-=D QDy@ |@=} RQ= 'u}t-=D |xQ}HvR
=i}= |i}m w |tm C=t}tYD u}@ |ovy=ty QO |}xOvvmltm Vkv xm u}= ut[

[10]"Ovm|t
u=tRsy |O=YDk= w|a=tDH= |=yC}rw�Ut Q@ x@re |=Q@ |Q=muOat |=yCmQW
QO |Q=O}=B p�=Ut =@ OvQw@Ht 'C=a}=[ C} Q}Ot |=yOv}=Qi R= OwU CW=OQ@ =@
|xQ}HvR |UQQ@ xm CU= |D}ty=QB Rri 'q] [11]"OvwW Q}oQO u=WOwN |=yC}r=ai
xm u}= seQ|ra "CU= CavY w O=YDk= QO |QF-wt w C}ty=QB ẁ[wt Rri u}= u}t-=D
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&s ẁv l =N |=R=x@ �Ar=B R= l =N OYQO� Ot=H OYQO %SoildeP s
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&s ẁv l =N OL=w Qy |=R=x@ lqyDU= ?} Q[ %RCs

&|v=tR xQwO Qy QO |D=Q}taD C@=F |xv} Ry %RFC
&T xQwO QO C=Q}taD w lqyDU= |xv} Ry %RCT

84



1|
xQ=t

W'
38

�1
|xQ

wO'
�14

01
u=DU

@=D�
h}

QW
C}

Q}Ot
w`}

=vY
|U

Ovyt "OyO|t u=Wv =Q nv}J}rA}y RmQt
TCT =

�P
m

P
s
procm � flowmT

�
+
�P
m
TransC �Distm � flow

V ehC

�
+[BCT + ECT +RCT ]

(3)

u}= QO pw= CQ=@a "OyO|t u=Wv =Q u}t-=D |xQ}HvR Q}eDt |=yxv} Ry R}v 3 |xrO=at
|x}rw= |xO=t u=R}t flowmT "Ovm|t x@U=Lt =Q x}rw= O=wt O} QN |xv} Ry xrO=at

"CU= flowsT l =N u=R}t R= q] p=YLDU= Ov}=Qi |=Q@ R=}v OQwt
flowmT = NMmsflowsT �RRmNMwsflows(T�1) (4)

QO 'OwW|t Ov}=Qi OQ=w s}kDUt CQwYx@ x}rw= O=wt R= |WN@ 4 |xrO=at j@=]t
|xO=t CWoR=@ MQv x@ xHwD =@ sDU}U uOw@ xDU@xkrL p}rO x@ u; R= |WN@ xm |r=L
|xv} Ry 3 |xrO=at swO CQ=@a "OwW|t u}t-=D |r@k |v=tR xQwO R= RRm x}rw=
|xQ}HvR |D=}rta |=yxv} Ry swU CQ=@a "Ovm|t x@U=Lt =Q x}rw= O=wt pkv w ptL

"Ovm|t x@U=Lt =Q u}t-=D
BCT =

X
s

Fuel cos t�BoilerF sT �
�
flowsT

PV s

�
(5)

ECT =
X
s

KW � EPower �
�
flowsT

PV s

�
(6)

RCT = RFC +
X
s

ETRC �RCs � flowsT (7)

5 pwtQi QO 'Q}eDt u}= |x@U=Lt |=Q@ "CU= Qr} w@ |iQYt |=yxv} Ry BCT Q}eDt
Qy |=Q@ |v=tR xQwO Qy QO Qr} w@ |iQYt CNwU u=R}t 'Qr} w@CNwU QD}r Qy |xv} Ry
Ca=U u=R}t "CU= xOW ^=Lr |v=tR xQwO Qy QO |Q=m Ca=U u=R}t w l =N ẁv
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v}y@|oDU@ l =N ẁv Qy |=Q@ xOW XNWt Ot=H OYQO x@ (FlV els) uw}U=QDr}i

QDr}i C}r@=k RwQ Qy QO xm OQ=O |oDU@ uw}U=QDr}i OL=w C}iQ_ u}vJty w OQ=O
R= |a@=D (AHT ) xv=NQ=m TQDUO QO u=tR "OQ=O lWN l =N Q=Okt xJ uOQm

"CU= uw}U=QDr}i w ?=}U; |=yOL=w |oO=Di= Q=m R= u=R}t
O=wt O} QN |=yxv} Ry p}@k R= u}t-=D |xQ}HvR Q}eDt |=yxv} Ry xm u}= x@ xHwD =@
O}=@ x=t Qy QO 'OwW|t CN=OQB x=t Qy QO 'pkv w ptL w O}rwD |=yxv} Ry w x}rw=

"OW=@ u}t-=D |xQ}HvR |=yxv} Ry R= QDW}@ OwHwt |ov}Okv
CashT = CashT�1 + INT � TCT (13)

"CU= xOW xDiQo Q_v QO Cash0 u=R}t x@ QiY |v=tR xQwO QO |ov}Okv u=R}t
0 � CashT (14)

0 � Pr InvT (15)

|v=tR xQwO Qy QO pwYLt VwQi u=R}t xm CU= u}= xOvyOu=Wv 15 C}OwOLt
"OW=@ QDsm |v=tR xQwO u; QO pwYLt |OwHwt u=R}t R= O}=@

Pr InvT = Pr InvT�1 + PrT �X
k
flowTk (16)

R= xOv=t |OwHwt u=R}t Ov};Q@ =@ Q@=Q@ '|v=tR xQwO Qy QO pwYLt |OwHwt u=R}t
"CU= |rai xQwO QO VwQi w O}rwD u=R}t hqDN= w |r@k xQwO

PrT = PrRndm� SoilAlloys � flowsT
+WstAlloy �XHP (17)

x@U=Lt 17 |xrO=at j} Q] R= 's=T |v=tR xQwO QO O}rwD u=R}t Q}eDt u=ty =} PrT
O}rwD u=R}t `tH pY=L =@ Q@=Q@ |v=tR xQwO Qy QO O}rwD u=R}t `k=w QO "OwW|t
RmQt QO xOW p=YLDU= |q] u=R}t w q] |=yl =N R= xOW p=YLDU= |q]

"CU= uw}U=QDr}i R= xOW `tH xr]=@ R= nv}J}rA}yX
k
flowTk � ~DT

k (18)

"CU=[=kD u=R}t |w=Ut =} QDlJwm VwQi u=R}t xm CU=vat u}= x@ 18 C}OwOLt
=D OQ}o CQwY |}=[=kD O}=@ =OD@= xm OwW|t O=H}= s=Rr= u}= CQwY u}O@ `k=w QO

"OwW xDNwQi pwYLt
flowsT � 0 (19)

flowTk � 0 (20)

flowWT � 0 (21)

0 02 � P � 0 (22)

Q_v QO =yu=} QH |=yQ}eDt Ctqa uOQm OwOLt |=Q@ 22 =D 19 |=yC}OwOLt
OYQO 2 =D QiY u}@ =yvD xm CU= u}= |=Q@ 22 C}OwOLt ,=vt[ "CU= xOW xDiQo

"OwW xO=O X=YDN= xk]vt x=iQ w xaUwD |=Q@ VwQi Ot;QO R=

=yxO=O p}rLD VwQ "5
QO C=aq]= |Qw;`tH x@ s=Ok= 'xar=]t OQwt u}t-=D |xQ}HvR ?=NDv= R= TB
|}xv=N@=Dm `@=vt R= xO=iDU= =@ C=aq]= u}= "CU= xOW u}t-=D |xQ}HvR u}= OQwt

|=Q@ "CU= 9 |xrO=at j@=]t u}t-=D |xQ}HvR |a=tDH= C}rw�Ut hOy `@=D u}=Q@=v@
'OvwW OL=wsy |a=tDH= hOy `@=D QO xOW Qw_vt |a=tDH= |=yQ}eDt s=tD xm u}=
x@ =yQ}eDt u}= =D OvwW|t s}UkD Q}eDt u; Q=Okt xv}W}@ Q@ =yQ}eDt u}= R= s=Om Qy
p@=k Qo}Om} =@ =yQ}eDt u}= xm u}= u=mt= CQwY u}= QO "OvwW CW=ov [01] xR=@

"OwW|t pY=L 'OvwW `tH
s}UkD R= xOW pY=L |a=tDH= C}rw�Ut CQ=@a u}rw= 9 |xrO=at QO
O=H}= pe=Wt O=OaD 'swO CQ=@a x@ xHwD =@ "CU= xk]vt QO |y=iQ |xv} Ry
O=OaD w nv}J}rA}y OL=w T}U-=D R= xOW O=H}= pe=Wt O=OaD R= |@}mQD xOW
|xOvyOu=Wv swU CQ=@a "CU= |R=UQy=wH Q=QkDU= R= |W=v xOW O=H}= pe=Wt
R}v sQ=yJ CQ=@a "CU= ?; hQYt R= pY=L |a=tDH= C}rw�Ut Vy=m
sHvB CQ=@a "CU= |}xv=Nro |=yR=o Q=WDv= R= |W=v |a=tDH= C}rw�Ut Vy=m
OU QO xr]=@ l =N uOv=t|k=@ R= pY=L |a=tDH= C}rw�Ut Vy=m xOvyOu=Wv

"CU= xr]=@
u=ty 'xOW O}rwD |xr]=@ R= |O=} R VN@ xm u}= x@ xHwD =@ sHvB CQ=@a QO
j} Q] R= R}v |WN@ w CUq] p=YLDU= Ov}=Qi x@ �flowsT Q}eDt� xOW OQ=w l =N
Cio u=wD|t 'OwW|t xO=O CWoR=@ q] p=YLDU= Ov}=Qi x@ flowWT u=} QH

"CU= u=} QH wO u}= p[=iD Q@=Q@ |v=tR xQwO Qy QO xOv=t}k=@ |xr]=@
MaxZ2 = �P

�
P�PT IN

T

SRCMax

�
+�job

�
Xhl�JOBHL+Xsd�JOBSD

JobMax

�
��water

�P
T
P
s NM

ws�flowsT
WaterMax

�
��Co2

 P
T
P
s

�
flowsT�BoilerFst�PrPoll+ flowmT

V ehC �Dism�TrPoll
�

CO2max

!
��Waste

�P
T ([

P
s flow

sT ]�flowWT )
Wastemax

�
(9)

=} |R=UQy=wH OwHw sOa =} OwHw x@ \w@ Qt Q}eDt xm CU=vat u}O@ 10 C}OwOLt
w 1 'O@=} Q=QkDU= OL=w u}= xm |DQwY QO xm OW=@ Ov=wD|t 1 =} QiY nvJ}rA}y

"CU= QiY OwWv T}U-=D xm |DQwY QO
SubjectTo :

Xsd; Xhl = 0; 1 (10)

u=tR R= 'T |v=tR xR=@ QO s l =N `=wv= |Qw;Qi u=tR xm Ovm|tu=}@ 11 C}OwOLt
"OW=@ QDsm O}=@ T |v=tR xR=@ QO xv=NQ=m TQDUO QOX flowsT

PV s
� AHT (11)

PV s =

min(MilV el; OxV els; LchV el; F lV els)
(12)

CaQU =OD@= u; |] xm CU= xv=NQ=m CaQU |x@U=Lt x@ \w@ Qt 12 |xrO=at
u=wvax@ =yOL=w u}= u}@ QO CaQU |xv}tm w OwW|t x@U=Lt xv=oQ=yJ |=yOL=w

"OwW|t xDiQo Q_v QO s l =N ẁv Qy |=Q@ xv=NQ=m CaQU
w CU= u=Um} hrDNt |=yl =N |=Q@ (MilV el) ?=}U; OL=w CaQU
T=U= Q@ (OxV els) V}=Um = OL=w CaQU "OwW|t u}}aD pQDvm j=D= \UwD
CaQU "OwW|t u}}aD OL=w Qy |=ylv=D C}iQ_ w l =N ẁv Qy Ov=t u=tR
OL=w CaQU "CU= u=Um} hrDNt |=yl =N |=Q@ (LchV el) nv}J}r OL=w
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wO'
�14

01
u=DU
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QW
C}

Q}Ot
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=vY
|U

Ovyt wDQ=B Cwk Q@ |vD@t |rt=mD sD} Qwor= "2"5
|}=Q=m sD} Qwor= '(SPEA-II) wDQ=B Cwk Q@ |vD@t |rt=mD sD} Qwor= swO |xNUv
|] QO xm |@ wret=v |=yMU=B |xQ}NP |=Q@ |HQ=N w}WQ; l} R= xm CU=
�2001� u=Q=mty w QrRD} R "Ovvm|t xO=iDU= 'OwW|t Ci=} sD} Qwor= |wHwCUH
u; x}rw= |xNUv QO OwHwt CqmWt `iQ |=Q@ =Q SPEA sD} Qwor= swO |xNUv
|=yQorta R= NSGA-II sD} Qwor= Ovv=ty R}v SPEA-II sD} Qwor= "OvOQm x�=Q=
sD} Qwor= QO "Ovm|t xO=iDU= =yMU=B u}@ QO wHwCUH |=Q@ ?}mQD w VyH
u}@ |xU}=kt |=Q@ �|t=LOR= |xrY=i� w �x@DQ� Q=}at wO R= NSGA-II

R= SPEA-II sD} Qwor= QO xm |r=L QO 'OwW|t xO=iDU= ?wret=v |=yMU=B
MU=B Cwk Q=Okt sD} Qwor= u}= QO "OwW|t xO=iDU= hOy u}= |=Q@ |oOvR=Q@ Q=}at
\UwD xm CU= |}=yMU=B O=OaD =@ Q@=Q@ 'OwW|t xO=O u=Wv s(i) CQwYx@ xm i
u}}aD MU=B Qy s=N |oOvR=Q@ Q=Okt MU=B Qy |=Q@ TBU "OvwW|t ?wret i MU=B

[31]"OwW|t
xm CU= u}= pO=at 'OW=@ xDW=O QiY s=N |oOvR=Q@ |NU=B xm u}= Cio u=wD|t
xrY=i Q=}at |=H x@ ut[ QO "OW=@ xDW=O =Q pw= |x@DQ NSGA-II sD} Qwor= QO
|=yMU=B x@ C@Uv MU=B Qy xrY=i Q=}at R= 'NSGA-II sD} Qwor= QO |t=LOR=

"OwW|t xO=iDU= |Q=vm

|OQwt |xar=]t "6
u}t-=D |xQ}HvR R= |ak=w |OQwt |xar=]t T=U= Q@ 'j}kLD u}= QO xOW x�=Q= pOt
xar=]t OQwt u}t-=D |xQ}HvR |xm@W 1 pmW QO "CU= u=QwWQR |q] |xv=NQ=m
w C=a}=[ VQ=@v= C}=U '|Qw;`tH C}=U 'u=oOvvmO}rwD 'u=oOvvmu}t-=D pt=W xm
|vOat |=ynvU =OD@= u=QwWQR |q] `tDHt QO "CU= xOW x�=Q= 'CU= VwQi Q=R=@
R= |HwQN l =N "OwW|t pkDvt umWnvU OL=w x@ w xOW |Qw;`tH uOat R=
OL=w QO "OwW|t pkDvt ?=}U; OL=w x@ xr=kv Q=wv R= xO=iDU= =@ umWnvU OL=w
'xJ} QO =@ s}_vD p@=k CQwYx@ w l =N uOw@ |O}U= u=R}t x@ xHwD =@ 'ly; ?=}U;
Qy uOQm OQN |=Q@ ?=}U; OL=w QO "OwW|t xi=[= u; x@ l =N PH s}_vD |=Q@
wO R= l =N xm u}= R= TB "OwW|t xO=iDU= |Rri |=yxrwro R= l =N QDW}@ xJ
uwQm}t 45 pw@k p@=k u=R}t x@ u; xR=Ov= w CWPo ?=}U; w umWnvU OL=w
V}=Um = x@ Qo}O uO=at |=yl =N ?re= "OwW|t V}=Um = |xrLQt OQ=w 'O}UQ
l =N ẁv p}rOx@ =t= &OvwW|t nv}J}r |xrLQt OQ=w ,=t}kDUt w OvQ=Ov |R=}v
'Cvt}B Qw= pFt |QwirwU |=y|v=m |xm@W QO l =N u}= |q] 'u=QwWQR uOat
q] C=QP xOW ?@U Qt= u}= xm CU= xOW Tw@Lt """ w C} QB wvUQ; w C} QB
x@ R=}v ?}DQD u}O@ "OQ}ov Q=Qk nv}J}r |=ypt=a =@ T=tD ZQat QO |v=U; x@
u=tOv=Q V}=Ri= w nv}J}r Ov}=Qi |=Q@ |vOat |xO=t |R=UxO=t; CyH OL=w l}
OL=w hOy "OwW|t s=Hv= V}=Um = OL=w QO Q=m u}= "CU= |QwQ[ nv}J}r
R= TB "CU=yO}irwU u}= Q=DN=U R= q] |R=UO=R; w =yQwirwU pqLv= V}=Um =
q] pqLv= OL=w u}= hOy "OvwW|t nv}J}r |xrLQt OQ=w O=wt 'V}=Um = OL=w
"CU= p=ai u@ Qm |wQ x@ xOW pL |q] ?PH u; ?k=aDt w Qwv=}U pwrLt QO
|q] OL=w u}= QO w OvwW|t wWwCUW OL=w OQ=w Q=OQ=@ |=yu@ Qm u}= TBU
"OwW|t pwrLt OQ=w w OwW|t xO=O �uWwr=�wWwCUW =yu@ Qm |wQ Q@ xOW ?PH
|}=yOv}=Qi s=Hv= =@ uWwr= OL=w QO xOW wWwCUW |q] R}v q] j=D= OL=w QO
Q}O=kt "Ov};|t QO VtW CQwYx@ =yxQwm QO w OQ}o|t pmW |Rri CQwYx@

xQ}HvR syt |=yQDt=Q=B x@ xHwD =@ u}t-=D |xQ}HvR hOy `@=wD w OwW|t p}tmD
w NSGA-II sD} Qwor= wO R= xO=iDU= =@ pOt |R=Uxv}y@ w OwW|t XNWt
|=yQDt=Q=B R= |NQ@ u; QO xm pOt p�=Ut pL |=Q@ "OwW|t s=Hv= SPEA-II

"CU= xOW xO=iDU= Rvt} S VwQ R= 'OwW|t xDiQo Q_v QO |R=i CQwYx@ |OwQw
pOt QO |rw 'OvwW|t OQ=w |R=i CQwYx@ |OwQw |=yQDt=Q=B =OD@= VwQ u}= QO
?=wH xr�Ut |}=yv ?=wH w OQ}o|t Q=Qk xO=iDU= OQwt xOW R=i|O CQwYx@
Q_v QO |Uwo |R=i Q}eDt CQwYx@ xr�Ut u}= QO |R=i |=yQ}eDt "CU= |a]k
=OD@= '|R=i |=yQ}eDt u}= RmQt C=YDNt uOQw; CUO x@ |=Q@ "CU= xOW xDiQo
TQw@ C}=U R= xO=iDU= =@ xm xDWPo |=yp=U QO =[=kD u=R}t |=yxO=O xHwD =@
CQwYx@ hrDNt |v=tR |=yxQwO QO =[=kD u=R}t |xQDUo 'xOt; CUO x@ q=m
RmQt 'xQDUo u}= x@ xHwD =@ "O};|t CUO x@ [LowDemand HighDemand]

"O};|t CUO x@ |R=i Q}eDt
c�
T
d = (1� �Td )� LowDemand

+�Td �HighDemand
(23)

Q}eDt xm |DQwY QO u}=Q@=v@ 'CU= |Uw=o |R=i Q}eDt RmQt c�Td xm u}= x@ xHwD =@
Q=Okt u=ty Q@=Q@ xOW R=i|O Q=Okt 's}vm R=i|O =QoRmQt CQwYx@ =Q |Uw=o |R=i
?}DQD u}O@ =[=kD w VwQi u=R}t x@ \w@ Qt C}OwOLt u}=Q@=v@ "Ow@ Oy=wN c�

T
d

"Ovm|t Q}}eDX
k
flowTk � c�Td 8T (24)

CQwY x@ OOa wO |irDNt |v=tR |=yxQwO QO xm CU= |R=i |Q}eDt R}v q] Ct}k
R=i|O x@=Wt "CU= xOW xDiQo Q_v QO [LowGoldPrice HighGoldPrice]

=yDvt "CU= uOW R=i|O p@=k R}v q] Ct}k |R=i Q}eDt '=[=kD |R=i Q}eDt uOQm
xOW xDiQo Q_v QO Q}eDt CQwY x@ R}v u; |v}@VwN ?} Q[ 'q] Ct}k OQwtQO
QO |iO=YD CQwYx@ '�Tp u=ty =} q] Ct}k |v}@VwN ?} Q[ `k=w QO "CU=
Ct}k R= |Dr=L Qy |=Q@ |R=Uxv}y@ ?}DQD u}= x@ "Ovm|t Q}}eD sD} Qwor= R= Q=QmD Qy

"OwW|t s=Hv= q]

2 ?wret=v |R=U?DQt l}DvS sD} Qwor= "1"5
|tD} Qwor= '2 ?wret=v |R=U?DQt l}DvS sD} Qwor= u=ty =} NSGA-II sD} Qwor=
u} QDy@ uO} RoQ@ OQm} wQ =@ =Q `} QU ?wret=v |R=U?DQt VwQ xm CU= |rt=mD
u}= "OW x�=Q= �2002� u=Q=mty w ?O \UwD VwQ u}= [29]"Ovm|t ?}mQD =yMU=B
|rY= |xO}= w xiOyOvJ p�=Ut |=Q@ l}DvS sD} Qwor= R= |t}taD `k=w QO sD} Qwor=

[30]"CU= xOW xDiQo wDQ=B |yOpmW Q@ |vD@t ?=NDv= sD} Qwor= R= VwQ u}=
xi=[= xO=U l}DvS sD} Qwor= x@ O}OH Q=mwR=U wO NSGA-II sD} Qwor= QO
|}=yMU=B O=OaD T=U= Q@ MU=B Qy |x@DQ =yQ=mwR=U u}= R= |m} QO "CU= xOW
|R=U?DQt� u; x@ xm Q=mwR=U u}= "OwW|t x@U=Lt OQ=O x@re =yu; Q@ MU=B u; xm
&Ovm|t |Ov@xDUO hrDNt |=yxy@H QO =Q =yMU=B 'OwW|t xDio �`} QU ?wret=v
hrDNt |=yMU=B "OwW|t xO} RoQ@ MU=B u=wvax@ pw= |xy@H =yxy@H u}= u}@ QO
|xv}y@ |=yMU=B u=wvax@ 'wDQ=B =} pw= |xy@H xm Ov=xOW |Ov@s}UkD xy@H xU QO
Qorta 'CU=yMU=B ẁvD xm swO hOy x@ uO}UQ |=Q@ "OwW|t ?=NDv= sD} Qwor=
xOW xDiQo Q_v QO NSGA-II sD} Qwor= QO (CD) |atHD |xrY=i s=v x@ |Qo}O
Q=Okt "OyO|t u=Wv =Q MU=B l} pwL sD} Qwor= |=yMU=B RmQtD u=R}t xm CU=

"CU=yMU=B O=} R ẁvD xOvyOu=Wv CD QDnQR@
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"""u
}t- =D

|xQ
}HvR

|xm
@WO

Qmrt
a|

R=Ux
v}y@"SPEA� II w NSGA� II sD} Qwor= QO xOW xO=iDU= |=yQDt=Q=B "2 pwOH

Q=Okt QDt=Q=B
25 (n) C}atH O=OaD
0 1 (mu) VyH MQv
0 15 (gamma) ?}mQD MQv

10000 (MaxIt) Q=QmD O=OaD

QDsm C}r=ai |=Q@ xv=NQ=m TQDUO QO C=a=U u=R}t R= |Q=Okt x@ xH}Dv QO w
"OwW

AHT = 720� 5(MHumT � 7)

�10eMilV el=70 � 10eFlCap=4000 (28)

=D 0 05 R= =Ql}DvS sD} Qwor= |=Q@VyH |O=yvW}B MQvCL=QY x@ �2000�CB=y
X=N hOy `@=D =@ xr�Ut Qy |=Q@ Q}O=kt u}= p=L u}= =@ [32]"CU= xOQm u=wva 0 2
=@ |R=Uxv}y@ sD} Qwor= |=yQDt=Q=B "CU= Q}}eD p@=k xr�Ut u; |=yC}OwOLt =@ w
Q=QmD u}vJty w |D=k}kLD `@=vt Q}=U QO =ysD} Qwor= u}= |O=yvW}B |=yMQv x@ xHwD
|xU}=kt w xOy=Wt QO "CU= xOt; CUO x@ G}=Dv xOy=Wt w hrDNt |=yQ=Okt =@
w |vDi=}CUO |=yMU=B x}L=v x@ =yMU=B uO}UQ CaQU QwDm =i wO R}v G}=Dv u}@
CQwYx@ sy =yQ=QmD u}= QO =yQDt=Q=B Q}O=kt "CiQo Q=Qk Q_v Ot 'hOy `@=wD Q=Okt
CUO x@ =yQDt=Q=B u}= |xv}y@ Q=Okt =D OvOW xO=O Q}}eD |ywQo CQwYx@ sy w =RHt
2 pwOH j@=]t SPEA-II w NSGA-II |=ysD} Qwor= x@ \w@ Qt |=yQDt=Q=B "O};

"CU=

=yxDi=} w G}=Dv "7
xHwD =@ w xOW |U} wvOm ?rDt Q=Ri=sQv QO pOt '|OwQw |=yxO=O uOQm OQ=w R= TB
pOt |R=Uxv}y@ G}=Dv w CU= xOW pL sD} Qwor= wO =@ pOt |OwQw |=yQDt=Q=B x@
?wret=v |xOW ?DQt l}DvS swO |xNUv sD} Qwor= wO R= xO=iDU= =@ u}t-=D |xQ}HvR

"CU= xOt; CUO x@ wDQ=B Cwk Q@ |vD@t |rt=mD sD} Qwor= swO |xNUv w
=@ w |O=YDk= OwU u=R}t u} QDW}@ =@ MU=B QO u; =RH= w hOy `@=wD Q}O=kt
xOW xO=O u=Wv 3 w 2 |=ypmW QO NSGA-II w SPEA-II sD} Qwor= R= xO=iDU=
=Q |a=tDH= C}rw�Ut u=R}t u} QDsm w |O=YDk= OwU u=R}t u} QDW}@ G}=Dv "CU=

"OyO|t u=Wv
`@=D wO xm O}tyi u=wD|t 4 pmW QO OwHwt wDQ=B xy@H wO QO CkO =@
x@ u}= "OvQo}Om} O=[Dt |awv x@ |a=tDH= C}rw�Ut w |O=YDk= OwU hOy
O}rwD O}=@ '|O=YDk= OwU uOW QDW}@ |=Q@ xm =QJ &CU= sDU}U C}y=t p}rO
OQm ?Um |QDW}@ Ot;QO u=wD|t O}rwD V}=Ri= =@ xm u}= =@ "O@=} V}=Ri= R}v
pe=Wt u=wD|t w O=O X=YDN= xk]vt x=iQ x@ |QDW}@ OwU ?}DQD u}= x@ w
'O}rwD V}=Ri= Q}Ut QO 'OvDUy |D@Ft |=yQwDm =i xm OQm O=H}= R}v |QDW}@
u}vJty w ?; hQYt u=R}t V}=Ri= 'xOW O}rwD |}xv=Nro |=yR=o u=R}t V}=Ri=
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QO hOy `@=wD Q@ nv}J}rA}y OwHw sOa =} OwHw C}U=UL p}rLD "12 pmW
"SPEA� II sD} Qwor=

|a=tDH= C}rw�Ut nv}J}rA}y Cr=L QO xm O}O u=wD|t "CU= xOW xO=O
QO xOW O=H}= pe=Wt O=OaD p}rO x@ u}= "Ovm|t =O}B V}=Ri= |O=} R u=R}t x@
OwHw =@ "CUq] O}rwD |=Q@ xOW wBO |xr]=@ l =N R= xO=iDU= w RmQt u}=
R= |WN@ OwW|t ?@U nv}J}rA}y OL=w Q=QkDU= |xv} Ry 'C@Ft C=mv u}=
Vy=m |O=YDk= OwU xH}Dv QO w OwW OL=w u}= T}U-=D hQY |O=YDk= OwU

"O@=}

|D; |=yVywSB |=Q@ |}=yO=yvW}B w |Q}oxH}Dv "9
|O=YDk= |=yxv} Ry |R=Uxv}tm 'u}t-=D |xQ}HvR u}= |O=yvW}B pOt |xv=owO h=Oy=
CmQW |a=tDH= |=yC}rw�Ut EL@ QO "CU= |a=tDH= C}rw�Ut |R=Uxv}W}@ w
|xv}W}B R= xO=iDU= =@ =OD@= 'xv=NQ=m u}= =@ \@DQt |vOat |=yC}r=ai x@ xHwD =@
"OW xDN=OQB |vOat |xawtHt l} |a=tDH= C=Q}F-=D |Ov@`tH w |UQQ@ x@ j}kLD
|=yQ}eDt 'u=tR=U |Wt\N |x}v=}@ x@ xHwD =@ w xOW s=Hv= |=y|UQQ@ T=U= Q@
u=wvax@ xk]vt x=iQ |=Q@ xv=NQ=m |r=t ltm u=R}t w xOW O=H}= pe=Wt O=OaD
R=o O}rwD u=R}t '?; hQYt u=R}t |=yQ}eDt w |a=tDH= � |O=YDk= |=yQ}eDt
|a=tDH= � |DU} R\}Lt |=yQ}eDt u=wvax@ C=a}=[ O}rwD u=R}t w O}Um =|Ou@ Qm
xHwD =@ =OD@= pOt |L=Q] Qw_vt x@ "OW ?=NDv= |a=tDH= |=yC}rw�Ut QO QF-wt
R= |}xawtHt uOQm xrwtQi x@ 'xar=]t OQwt u}t-=D |xQ}HvR |ak=w |=y|oS} w x@
|Q_v pOt swO s=o QO "OW xDN=OQB xr�Ut |=yC}OwOLt w h=Oy= 'C=}[Qi
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wO |=Q@ ?}mQD w VyH x@ \w@ Qt |=yQDt=Q=B xm u}= x@ xHwD =@ sD} Qwor= wO |xU}=kt
|QDy@ |=yMU=B NSGA-II sD} Qwor= 'OvOw@ xOW xDiQo Q_v QO u=Um} sD} Qwor=
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x@ sD} Qwor= u}= |=yMU=B |m}ORv QO 'OQ=O NSGA-II |=yMU=B x@ C@Uv II

QDW}@ RmQtD u}= "OvQ=O |QDW}@ RmQtD SPEA-II |=yMU=B `k=w QO "CU= Qo}Om}
u}=Q@=v@ w OW=@v wQx@ wQ |Dw=iDt Q=}U@ |=yMU=B =@ xOvQ}os}tYD =D OwW|t ?@U
C} Rt l} OOaDt |=yxv} Ro xm u}= seQ|ra "OW=@ xDW=O |QDCL=Q |Q}os}tYD
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