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Electricity: 500 MW
Mechanical Power No 1: 5 MW
Mechanical Power No 2: 15 MW
HP Heating: 5 MW
MP Heating: 20 MW
LP  Heating: 50 MW

Demands

Pressure of Steam Headers
HP: 45 bar
MP: 20 bar
LP: 7 bar

3 HP turbines (7 modes)
2 MP turbines (3 modes)
5 Headers (HP, MP, LP, Cond, Vac)
1 Gas turbine (compressor, expander)
3 Boilers (HP, MP, HRSG)
4 Combustors (GT, Boilers)
5 Liquid pumps
2Air blowers
1 Deaerator
62process streams

Alternatives

Constraints 
1 turbine ! Max 1 demand (mechanical or power)
Mechanical demand ! Either electricity or turbine 
MP turbine cannotgenerate power

Fuel
Natural gas
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Bruno et al. (1998)

Non-convex MINLP problem 
Binary variables: 44
Continuous variables: 1275
Constraints: 1309

Modeled and solved in few seconds using 
DICOPT/GAMS

(Intel Core 2 Duo 2.4 GHz with 2 GB RAM)
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Minimum annualized cost = $307.27 million/ yr







!

"#$%%&'(&)*+$,,-&,)

.#&,&/-)/'0/ 1)2&'/0,/345678/ 90,/02:-;$%/)<':#&)-)/09/2%$':/=0'9-(>,$:-0')
!"#$%&'&()*+'%',()-.%-,*)%/0,1,1$/)-%23!456%789.%:;<4%7=9.%>:2456%7?9

4$=?/09/,0+>):'&))/09/'0'%-'&$,/02:-;-@$:-0' @6A2.%>:6A2B
C+DD+'E#1+)-%F+1G%',"H)0I)"')J
K,,(%+"+1+&#+L&1+,"%0)ME+0)(N%L)0,%D#,F-%'&E-)%-+"IE#&0+1+)-N%","',"H)O+1+)-
I+H)%0+-)%1,%#,'&#%,/1+*&%%%%%%%
!"#$%$&'()*+),)-.+/'0&"*&$(('1.('2$$+' 3.4$')+'56789'0&":$-/

8<':#&)-)/:00%)/,&A>-,&/&B2&,:/>)&,)
P,F%1,%/,-1E#&1)%-E/)0-10E'1E0)Q%P,F%1,%()H)#,/%R)-1%',*/E1&1+,"&#%-10&1)I$Q
S"'#)&0%G,F%1,%&((0)--%20,')--%:"1)"-+D+'&1+,".%>,(E#&0%C)-+I"

C'=,&$)&D/D&;$'D/90,/)<':#&)-)/09/'&E/ 2,0=&))/9%0E)#&&:)/$'D/20E&,/2%$':)
)TIT%4G&#)%I&-%0)H,#E1+,"%UV%*&"$%")F%/#&"1-%+"%S4

FGH/2,0I&=:)/&"",E"')(%-+"')%=W8W%%JKLM/+-%%-0'/;73$&)-.+'<1$3)(/&='<">+-)?@

N&E/D,-O-'(/90,=&









!!

!"#$%&$'()*+,%-(.&/$0* 1()2'%*2%*"#$%&'32&4*()*+),

!"#$%&#$'$%"()$*+!"#$%

&'(()*+,-./
%,(0.-1'*

!"#$%&#$'$%"()$*+

,--$--& ).*/&
0"*12345.+2"*-

,--$--& 1$6$5&0"*12345.+2"*-

74208$5&
)"#$%&

2*+$55"3.+2"*

92)$&0"*-4)2*3&)"#$%&
2*+$55"3.+2"*

:.'$#&+2)$

! 51!67*$00,3)* -.+/*0'0*123'12423*502,/'6*7'57*5782/97)'-9+2'+/.182+

! ()*+), +5221+'9++2++02,/'*6'0.3/8532'5*++8:32'-*,68;.79/8*,+' &48,/'4*
$/&,9$&2,%*$%"*29.02-2&*(%/9(8$&2,%

! $9+)'38,<'*6' ()*+), 72+.3/+'/*'*/=27'"#%$&'/**3+ )29.02:2()*:/8&4(8*9,"(0*
2%&(88,'$&2,%

















!"

#$%&'()*)+,-+.(/&+012'/%3(4+5(&6,47)

H1

H1-C1

H2

H1-C1

H1-C2

H2-C1

H2-C2

H1-C2

H2-C1

H2-C2

Stage k=1 Stage  k=2

C1

C2

temperature  
location  

k=1

temperature  
location  

k=2

temperature  
location  

k=3

H1,1t

H1,2t

C1,1t
C1,2t

C1,3t

H1,3t

H2,1t

H2,2t
C2,1t C2,2t C2,3t

H2,3
t

S1

S1

CW

CW

#89(4)&482&84(+-,4+/+)(&+,-+',&+/%:+2,;:+)&4(/<)
=>5?@+=,:(;

.,&+@4,2())
#&4(/<)

A,;:+@4,2())
#&4(/<)

!""# $#%&'(()*++,#-../



!"

#$%&'()*+,-./0* ! "#$%&'()*$+,#-&.#%/0-1

!"#$%&&'()*+,%&-&'./01-$2+-#*&

! +,1,02)('.3,% 2-034)%50+
! .#/& 1$-2*4&012.$0-*60-&

#)0+075#8&06&5(--*6)$%&12.$0*
98:&#)0+075#8&06&8)$;#

! 7)$8.%,-* 4',9.:.'.2;
! <,',12.$0 $+3&())(0/,5,02 06&

7034;#8
< =5>#8?&@A&BCA&DCA&@CA&BCC&7D

! '($72;#?&7034;$-&*#$%&
#()*$+,#-8& 345

345'(+%0,2*#0#61#&'7'8%&+%"9%":;'4<=>

BE@1F G@@1F

HI1F

BDCJ1F

@@D1F

DECC1F

B@D1F

! " ! "

! #

$" $#

$#

%&'()

*(&'+

$"

@7D
DC7DBC7D

@7D

@7D

@C7D

BCC7D

BCC7D

BCC7D

@C7D

=62.5('*+,-./0*4)$5* 7;$-;0



!"

#$%$&'()*&+(,-*.-/

!"#$%&'('0*/*120(3/4(4'.25/(/$3/0'.(*6(1*4$73&(8&*0'..'. )(*#'+,"-(#&./-'0(*$&%+$%&'("12('+.1.0,+*

30#&.4'2(0.2'-( 8&'8&*0'..2/5(3/4(2/2%237293%2*/($.(,0#&.4'(*.-4'&(&./%*$1'**

:2187262'4(';8&'..2*/(*6(0*/0'8%$37($/2%(2/8$%<*$%8$%(&'-"$,.1*("12(&'5%,&'0'1$*

6'1'&"$,.1(.7($&"+$"/-'( .$8'&.%&$0%$&'(6*&(8&*0'..(2/%'/.26203%2*/

8,9:(-'4'-( .8'026203%2*/(*6(37%'&/3%2='.(7.&(9'1'&"$,19(*%#'&*$&%+$%&'*



!!

"#$%&'()$*+,-./012

!"#$%&'()*+,%-./#+)**"0-+'1%+2324-./4)%+-5/.)$/4)#$+/$(+#64).)7/4)#$+ "2+3)#4+,%-./#+)*'%5#)'.6%-+

8'6-0240'%4'0- 9:#(-&)$* 9;64).)7/4)#$+ &)5),./3+.-+'1%+7)-.-+"2+3",%5#+$"#$%&'()*+,%-./#+'""*-+

85"/5%--+.#+0-60-2-$4/4)#$2+)#,+ ()2%0-4-<%#$4)$'#'2+.#(-&2+/$(+/&*#0)4=.2+ 3)9"5+,5.6%5+2"5+#%0+'""*-

:$"&%+.-+7%.#/+%;&)#,%,+'"+60#%-22+)$4-$2)>)%/4)#$+/$(+.#('&/0+(-2)*$2

?3#23$ @+$-A+'$)B'-+24/4- 9#>94=-+/04+4##&+%/$+/%%#.6&)2=+>#'0+6#)$42+&)24-(+/C#D-


