REFERENCES

Bagajewicz, M.J. (1998) Energy savings horizons for the retrofit of chemical
processes.  Application to Crude Fractionation Units. Computer and
Chemical Engineering. 23(1), 1-9.

Bagajewicz, M.J. and Soto, J. (2001) Rigorous procedure for the design of
conventional atmospheric crude fractionation units.  Part I Targeting.
Industrial and Engineering Chemistry Research, 40(2), 617-626.

Bagajewicz, M.J. and Soto, J. (2001) Rigorous procedure for the design of
conventional atmospheric crude fractionation units. Part II: Heat Exchanger
Networks. Industrial and Engineering Chemistry Research, 40(2), 627-634.

Bagajewicz, M.J. and Soto, J. (2003) Rigorous procedure for the design of
conventional atmospheric crude fractionation units. Part [ll: Trade-Off
between complexity and energy savings. Industrial and Engineering
Chemistry Research, 42(6), 1196-1203.

Bagajewicz, M.J. and Soto, J. (2002) Rigorous targeting procedure for the design of
crude fractionation units with pre-flashing or pre-fractionation. - Industrial
and Engineering Chemistry Research, 41(12), 3003-3011.

Barbara, A. and Bagajewicz, M.J., New rigorous one-step MILP formulation for heat
exchanger network synthesis. Computers and Chemical Engineering, 29,
1945-1976

Bjork, K. and Nordman, R. (2005) Solving large-scale retrofit heat exchanger
network synthesis problems with mathematical optimization methods.
Chemical Engineering and Processing, 44, 869-876.

Briones, V. and Kokossis, A.c. (1999) Hypertargets: a conceptual programming
approach for the optimisation of industrial heat exchanger networks-Il.
Retrofit design. Chemical Engineering Science, 54(4), 541-561.

Cerda, J. and Westerburg, A.w. (1983) Synthesizing heat exchanger networks
having restricted stream/stream matches using transportation problem
formulations. Chemical Engineering Science. 38(10). 1723-1740.



16

Cerda, J., Westerburg, AW., Mason, D., and Linnhoff, B. (1983) Minimum utility
usage in heat exchanger network synthesis A transportation problem.
Chemical Engineering Science. 38(3), 373-387.

Ciric, AR. and Floudas, CA. (1991) Heat exchanger network synthesis without
decomposition. Computer & Chemical Engineering, 15(6), 385-39.
Floudas, C.A., Ciric, AR., and Grossmann, LE. (1986) Automatic synthesis of
optimum heat exchanger network configurations. AIChE Journal, 32(2),

276-290.

Furman, K. and Sahinidis, N. (2001) Computational complexity of heat exchanger
network synthesis. Computers and Chemical Engineering, 25, 1371-1390.

Gundersen, T. and Grossmann, L.E. (1990) Improved optimization strategies for
automated heat exchanger network synthesis through physical insights.
Computers and Chemical Engineering, 14(9), 925-944.

Ma, K., Hui, ., and Yee, T. (2000) Constant approach temperature model for HEN
retrofit. Applied Thermal Engineering, 20, 1505-1533.

Mamdouh G., Megan J., and Robin . (April 2003) Increase capacity and decrease
energy for existing refinery distillation  columns (available at
http://www.cepmegazine.org )

Tsiakis P-, Shah N,,.and Pantelides c. (2001) Design of multi-echelon supply chain
networks under demand uncertainty. Industrial and Engineering Chemistry
Research, 40, 3585-3604.

Yee, TF. and Grossmann, L.E. (1990) Simultaneous optimization models for heat
integration-1. Heat exchanger network synthesis. Computer and Chemical
Engineering, 14(10), 1165-1184.


http://www.cepmegazine.org

uations that are different than in the paper +errata.
0) Justanomenclature change
5) Justanomenclature change

o oo

* Equations that are added to those that are in the paper
*(106) and (107)
*CONSISTENCY :Number of exchangers smaller than the number of shells
* Needed because the exchangers are related to the values of K.
*(108) LIMIT THENUMBER OF EXCHANGERS
:iaqgr)**iM*LN(LMy*M*w*U*M*B*EB*P*E:*E*&(EJI:I*A*JN*(%:EB*S**************************************
SOFFUPPER
SETS
L transfer zone 1Z1*71]

+ ALWAYS DEFINE THE HOT STREAMS FIRST, AND THEN THE COLD STREAMS
1Hot streams 1 *13/

Jcold streams 131*J3/
+ ALWAYS DEFINE THE UTILITIES WITH THE HIGHEST INDEX

HU(1) Heating utilities /13/

CU(J) Cooling utilities /J3/

M temperature intervals /M 1*M 85/
SCENARIO IS

K temperature intervals /K1*K1/

R exchangers /R1*R7/

ALIAS (M.N.L.O)
ALIAS (1,11)
ALIAS (309)
ALIAS (K.KK)
ALIAS (Z 22)

ORDER(J)

J2

PARAMETER NIZ(S,Z,1) # OF INTERVALS DESIRED FOR HOT STREAMS
SI.Z1.11 30

S1.Z1.12 8

S1.Z1.13 2

PARAMETER NJZ(S,Z,J) # OF INTERVALS DESIRED FOR COLD STREAMS
§1.21J1 35

$1.2132 8

S1.21J3 2

PARAMETER HI(S,I) HEAT TR CEOFF FOR HOT STREAMS

Si o0l

S1.1201

S1.130.1

PARAMETER HJ(SJ) HEAT TR CEOFF FOR COLD STREAMS

SIJ101

§1.J20.1

S1.J3 01

PARAMETERS



TIH(S,I) TIN FOR HOT STREAMS

51.11 400
51.12 140
13 500

TOH(S,I) TOUT FOR HOT STREAMS

S1.I1 100
11260
113 499

TIC(SJ) T IN FOR COLD STREAMS

§1J1 50
290
§1.J3 30

TOC(S.J) TOUT FOR COLD STREAMS

S1.J1 400
2 165
340

PARAMETERS
TIHZ(S.Z,I) TIN FOR HOT STREAMS

S1.Z1.11 400
S1.Z1.12 140
§1.Z1.13 500

TOHZ(S.Z.I) TOUT FOR HOT STREAMS
SL.Z1.11 100

§1.21.12 60

S1.Z1.13 499

TICZ(S.ZJ)TIN FOR COLD STREAMS
§1.21.J1 50

§1.21.J2 90

§1.21.33 30

TOCZ(S,ZJ) TOUT FOR COLD STREAMS

S1.Z1.J1 400
§1.21.J2 165

i.j‘.Zl.JS 40

*INTRODUCE THE FCp:
FH(S,I) FORHOT STREAMS

SLIL 10
1.2 30

FC(SJ) FORCOLD STREAMS

I 10

§1.J2 40
*USE THE MAX FCp FOR THE UTILITIES

SETS FREEH(I)
g

1
12

13

| FREEC(J)
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J

J2
J3

PARAMETER BIF(Z, )
2111320
2112010
Z1.13J1°0
2112330

+ PARAMETER MAXNEXCHPERMATCH MAXIMUM NUMBER OF MATCHES WHEN BIF=1;
+ MAXNEXCHPERMATCH =2

PARAMETER SPH(I)  SH in paper
13 1

PARAMETER SPC(J)  SC in paper

1
J2 1
J3 1

PARAMETER NIH(1) Non isothermal splitting for hot streams in paper

0

12 0

13 0

PARAMETER NIC(J) Non isothermal splitting for cold streams in paper

JI 0
J2 0
J3

PARAMETER DTVIO(EJ)

[

11. 12
11.

12 j]
12,02
12. 3
3.0
13.J2

1333
/

7ARAM ETER KMAX(ZTJ)

Z1.1132 1
11231 1
ZI13J1L 1
Z1.1233 1

/ " .

kkkkkkkkkkhkkkhkkkhkkkhkkhkkhxk ADJ) khkkkkkkkkkkhkkkkhkhkkkhhkkkkhkkkkkxkx

for retrofit
kkkkkhkkhhkkhhkhhkhhhhhhhhkhhhhhhhkhhhkhhhkhhhkhhhkhhhkhhhhhhhhhhhhkhhhkhdhkhhkhkhhkhkhkkkkhkkkk

*Cnntpxt
PARAMETER AEX(Z,1J)

Z1.11.J2 841.86
21.12.J1 554



Z1.12.J3 660.18
Z1.13.J1 262

PARAMETER AEX B(K.Z.1J)
K1Z1.11.2 841.86
PARAMETER NUEO(S.2J.)

S1.Z1.11J2 1
S1.Z1.12J1 1
SIL.Z1.13.J1 1
S1.Z1.1233 1

PARAMETER AEX II(Z.1.J)

Z1.11.J2 2000
Z1.12.J1 2000
Z1.13.J1 2000
21.12.33 2000

PARAMETER AEXJ] (K.Z.1J)
K1.Z1.11J32 2000
PARAMETER A NEW MAX(Z,]J)

?I.(11*13).(J1*J3) 2000

\ For Relocation
Sontext
7ARAM ETER AEX_I(R)

R1 1001.34
R2 1048.28
R3 121.53
R4 133.56
RS 584.15
R6 603.71
R7 246.81

PARAMETER AEXJBIJ(R)
R1 1001.34

PARAMETER AEXJJJ(R)
R1 1502.01

R2 1572.42

R3 182.295

R4 200.34

R5 876.225

R6 905.565

R7370.215

PARAMETER AEXJUBIJ(R)
71 1502.01

PARAMETER R ALE
*/, Minimum DELTA T

§9£¢f~l§ek>8}o Ihkkkkhkkkkhhkkkhhhkhkhhhhkhhkhhhkhhhhhkhkhhhhkhhhhhhkhhhkhkhhhhhhhhhhhhhkkkhhhkkkhhhkkx



Kk khkkkkhhkhkhkkhhkhkhhkhk khkkhkkhkhhhkkhkhhkkhhkkkhhkkkhkhkkkhhkkkkhxk **********3-******

PARAMETER DTHU(I)
K

PARAMETER DTCU(J)
B0

PARAMETER FMAX HU(1)
135000

PARAMETER FMAXCU(J)
335000

PARAMETER CHU(I)

13 9504

PARAMETER CCU(J)
B2

PARAMETER CF;

gA*_*;Q‘k************************************************************************
*****************************PQJA JApprpjnp**************************** kkkkkkkkkkk

Kkkkkkkkkkkhkkkhkkhkkkhkkkhkkk ko hkhkkkkhhkhkhkkhkhkkhhkhkhkhkhhkhkhkkhhkkhkkkhkhkkhhkkhhkkk

PARAMETER MAX NEW HEX
7 / Maximum Number of new exchangers
20010y

PARAMETER CAN;

PARAMETER CAE,

QAE—*_*)gg‘)c***********************************************************************

PARAMETER QLHMIN
* Minimum heat that can be transferred within an interval.Hot streams

PARAMETER QLCMIN
* Minimum heat that can be transferred within an interval.Cold streams

PARAMETER AMAX
] , Maximum area per exchanger
20000/

PARAM ETER ASHELLMAX

75) / Maximum shell area
ooly
PARAMETER USHELLMAX

7500/; Maximum shell area

*Add for retrofit
PARAMETER ANEWSHELLMAX
75) / Maximum shell area

00

PARA;\/IETER NEWUSHELLMAX
Maximum shell area
15000/;

PARAMETER TOTNEXCHMAX
Maximum NUMBER OF EXCHANGERS

PARAM ETER TOTNEXCHMIN
Minimum NUMBER OF EXCHANGERS
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PARAMETER DTmin

]OI Minimum DELTA T

]

parameter NINT

12631,

mzameterOPT

b

* END OF INPUT PARAMETERS

SCALARS Si, Zi, Mi, lIc. Ji

PARAMETERS IHminZ(S,Z,1),IHmaxZ(S.ZI).JHmax(S,I),IHmin(S,1).HOT(S,I,M).
HOT2(SM). HOTZ(S.Z,]M), ICminZ(S.2J).ICmaxZ(S,Z.J),ICmin(S,3),
ICmax(sj),COLD(S,J,M),COLD2(S,M), COLDZ(S,ZJ,M), HI(S,iM), H_J(SI M)

FOR(Sizl TO CARD(S),
FOR(Zi=| TO CARD(Z),
FOR(lc=1 TO CARD(I),
JHminZ (5,2 1)${ORD(S)=5i AND ORD(1)=!
AND ORD(Z)=1]= 0+ 1$[NIZ(S,Z,1)>= 1];
IHminZ(S,Z,1)$[ORD(S)=Si AND ORD(I)>l
AND ORD(Z)=1]= 0+
{SUM((ZZ 11)$[ORD(I)<ORD(NI,NIZ(S,ZZ,L1))+1}$[N1Z(S.Z 1)>=1];
IHminZ(5,Z,1)$[ORD(S)=Si AND O0RD(Z)>1]= 0+
{SUM((ZZ,I)S[ORD(I)<ORD(1)}N1Z(8,2Z.n))
+SUM(ZZ$[ORD(ZZ)< Zi],NIZ(S,ZZ 1))+1}$INIZ(S,Z |)> 1]
IHmaxZ(S,Z,1)S[ORD(5)=Si AND ORD(I)=lc AND ORD(Z)=Zi]= 0
{IHMiInZ(S,Z,1)+N1Z(S,Z,1)-1 }$[NIZ(S,Z,])>=1 J;
[Hmin(S,1)${ORD(S)=Si AND ORD(l)=Ic]=
SUM [Z${SUM (ZZ$[ORD (22)<=0RD (Z)-N1Z(S ZZ 1))=0}1HminZ (S.2.1]:
I[Hmax(S,1)$[ORD(S)-Si AND ORD(l)=Ic]=
SUM [ZS{SUM (ZZS$[ORD(ZZ)>=ORD(Z)+1 ] NIZ(S5.2Z.1))=0} IHmaxZ(S.Z.)];

FOR(Mizl TO CARD(M),

HOT(S.I,M)$[ORD(S)=Si AND ORD(I)=lc AND ORD(M)=Mi]= 0+
ISLORD(M)>= IHmin(S,1) AND ORD(M)<=IHmax(S.J)];
HOT2(S,M)$[ORD(S)=Si AND ORD(M)=Mi]= 0+ I$[ORD(M)<=
SUM(I$(ORD(1)=CARD(1)),IHmax(S,1))];

HOTZ(S,.Z,I,M)$[ORD(S)=Si AND ORD(I)==Ic AND ORD(M)-Mi

AND ORD(Z)=Zi]= 0+ 1S[ORD(M)>= IHminZ(S,Z,1) AND ORD(M)<=IHmaxZ(S.Z.1)];
H_I( ,IM)$[ORD(S)-Si AND ORD(I)=lc AND ORD(M)=Mi

AND HOT(S.I.M)=1] = HI(S,I) ;

FOR(Ji=l TO CARD(J),
ICminZ($,Z,J)${ORD(S)=Si AND ORD(J)=IAND ORD(Z)-l |- 0+
{SUM (IS[ORD (1)=CARD (I)],IHm ax(S,1))+I }$[NJZ(S,Z,J)>=1];
ICminZ(S,Z,J)${ORD(S)=Si AND ORD(J)>IAND ORD(Z)=1]= 0+
{ M{IS[ORD(1)=CARD(I)],IHmax(s,1)}
+SUM ((ZZ J3)$[ORD(J3)<ORD(I)NIZ (3,22 JI)+1}SINIZ(S,2.9)>= 1];
ICminZ(s,Z,J)${ORD(S)-Si AND ORD(Z)>I]= 0+
{SUM{IS[ORD(I)=CARD(I)],IHmax(,1)}
+SUM((Z, )$[ORD(JJ)<ORD(A)NIZ(S.2Z, ))
+SUM (ZZ$[ORD(ZZ)< ZilNJZ($,2Z 3))+1 }$[NJZ(S,20)>=1];
ICmaxZ(S,Z,J)$[ORD(S)=Si AND ORD(J)=Ji AND ORD(Z)=Zi]= 0+
{ICminZ (8,2 J)+NJIZ (5.2 3)-1}$[NIZ(S.2.9)>=1];
ICmin(S,J) $[ORD(S)=Si AND ORD(J)=ii]=
SUM[Z${ M(ZZS[ORD(ZZ)<=ORJ>(Z)-1NJZ(8.2Z 3))=0}ICminZ(S,Z3)];
ICmax($J) SORD(S)=Si AND ORD(])=Ji]=
SUM[Z${SUM (ZZ$[ORD(2Z)>=ORD(Z)+1],NIZ(S,2Z J))=0}ICmaxZ (.2 J)];

FOR(Mi=l TO CARD(M),
COLD(S,J.M)$[ORD(S)=Si AND ORD(J)=Ji AND ORD(M)=Mi]= 0+
1$[ORD(M)>= ICmin(S.J) AND ORD(M)<=ICmax(S,J)];
COLD2(S,M)$[ORD(S)=Si AND ORD(M)=M i]= 0+
IS{ORD(M)>SUM (I$(ORD(1)=CARD (1)), IHm ax(S,1))
AND ORD(M)<- SUM (J$(ORD(J)=CARD(J)).ICmax(s))];
COLDZ(S,Z,J,M)$[ORD(S)=Si AND ORD(i)=Ji AND ORD(M)=Mi
AND ORD(Z)=Zi]= 0+ IS[ORD(M)>= ICminZ($,ZJ)



AND ORD(M)<=ICmaxz($.2J)];
H_J(S,J,M)$[ORD(S)=Si AND ()RD(J )J|AND ORD(M)=Mi
AND COLD(S,J.M)=1] = HJ(SJ) ;

)

PARAMETERS DT(S,M),TU(S,MX TL(S,M),CPH(SJ,M):CPC(S.J.M)DHH(STM).DHC(SIM);

*AlWAYS DEFINE En AS 1
CPH(S.I,M)$[HOT(S.LM)=]] = 1;
CPC(SI,M)$[COLD(S,LM)=1]= 1;

DT(SM)=  M((Z])SIHOTZ(S,Z,I,M)= 1],{[TIHZ(S,Z,1)-T0L1Z(S,Z )}/
[IHmaxZ($,Z,1)-IHminZ(S.Z.1)+1]})$[HO T2(S.M)-1]+

SUM ((Z,9)$[COLDZ(S.Z I, M)=11{[TOCZ(S,Z,3)-TICZ(S.ZI)]/
[ICmaxZ(S,Z3)-ICminZ(S,Z3)+1})S[COLD2(S.M)=1];

FOR(Si= 1TO CARD(S),
FOR (Mi=l TO CARD(M),
TU(S,M)$[ORD(S)-Si AND ORD(M)=Mi]= { M((Z,)$[HOTZ(S,ZTM)=I
ANDORD(M)=IHMiInZ(S,Z,)], TIHZ(S;Z,1)S[ORD (M)=IHminZ (SX1)])
+ SUM((Z.1)$[HOTZ(S.Z,1,M)=TAND ORD(M)>IHminZ(S,Z.1)AND
ORD(M)<=IHmaxZz(S,ZJ)],
[TIHZ(S,Z,1)-(ORD(M)-IHminZ(S,Z,1))*DT(S.M)]$[ORD(M)>
[HrninZ(S.Z,1)AND OR[)(M)<=1HmaxZ (S.Z.1)])}$[HOr2(S.M)-]]
+{ M((zJ)$[COLDZ(S,Z,J,M)=1 AND ORD(M)=ICminZ(S,zj)],
TOCZ(S,ZJ)$[ORD(M)=ICminZ(S,ZJ)])
+  M((z,J)$[COLDZ(S,Z,jM)=I AND ORD(M)>ICminZ(S,ZJ)
AND ORD(M)<=]CmaxZ($,Z.J)),
[TOCZ(S.ZJMORD(M)-ICminZ(S,ZJ))*DT(S,M)]$[ORD(M)>
ICminZ(S,Z,J)AND ORD(M)<=I1CmaxZ(S,Z,3)]))$[COLD2(S,M)=I];
TL(S,M)$[ORD(S)=Si AND ORD(M)=Mi]=
{SUM((Z,1)S[HOTZ(S,Z,I,M)=1'AND ORD(M)=IHmaxZ(S:Z,I)].
TOHZ(S,Z,1)S[ORD(M)=IHmaxZ(S.Z.1)])
+ SUM((Z.1)$[HOTZ(S.Z,I,M)=1 AND ORD(M)<IHmaxZ(S,Z )

AND ORD(M)>=IHminZ(S,Z,1)],
[TOHZ(S,Z,1)+(IHmaxZ(5.Z,1)-ORD(M))*DT(S.M)]S[ORD (M)<
IHmaxZ(SZ [)AND ORD(M)>=IHminZ(S.Z.)])}$[HOT2(S.M)=1]

+{ M((ZJ)$[COLDZ(S.Z.J.M)=1AND ORD(M)=ICmaxZ(S.ZJ)].

TICZ(S1Z,J)$[ORD(M)=1CmaxZ(S,Z.J)])

+  M((ZJ)$[COLDZ(S,ZIM)=land ORD(M)<ICmaxZ(S.ZJ)
AND ORD(M)>=ICminZ(S,Z )],
[TICZ(S,Z3)+(ICmaxZ(S,ZJ)-ORD(M))*DT(S,M)I$[ORD(M)<
JCmaxZ(S,Z,J)AND ORD(M)>=]CminZ(STZJ)])}$[COLD2(SM)=1];
FOR(lc-l TO CARD(i),
DHH(S,I,M)$[ORE)(5)=Si AND ORD(M)=Mi AND ORD(l)=lc
AND HOT(S,I,M)=]]= FH(S,I)*CPH(STM)*[TU(S.M)-TL(S.M)] ;

FOR(Jiz| TO CARD(J),
DHC(SJ,M)$[ORD(S)=Si AND ORD(M)=Mi AND ORD(J)-Ji
))) AND COLD(S,J,M)=]]= FC(S,9)*CPC(S,.LM)*[TU(S.M)-TL(S.M)] ;
1

PARAMETER HHEAD(S;M N), CECEAD(S,M.N), LMTD(SALN). D(S.Z.MN)
¢ MATCH ALLOWED BASED ON LMTD

ALLOW(S,Z.1J), ALLOW H(S,Z.I.MJ). ALLOW_C(S,ZJ M I), ALLOW _2(Z, ) ;

HHEAD(S,M N) = {TU(S,M)-TU(S,N)+ DTmin}$[HOT2(S,M) AND COLD2(S.N)];
CHEAD(SJVLN) = {TL(S,M)-TL(S,N)* DTmin}$[HOT2(S,M) AND COLD2(S.N)]:

LMTD(S,M N)= {[HHEAD(S,M,N)-CHEAD(S,M,N)]
ILOG[HHEAD(S,M,N)/CHEAD(S,M N)]}$[HHEADS,

AND CHEAD(S,M,N)>0 AND HHEAD(S.M .N)>

+ {[HHEAD(S,M N)+CHEAD(S,IVLN)]/2}$[HHEAD(S.M N)

AND (HHEAD(S.M.N)< CHEAD(S,M.N)OR HHEAD(S:

M N)> 0
CHEAD(S,M N)]

>0 AND CHEAD(S.M
M N)= CHEAD(S,M,

D(S,Z.M ,N)= IS{HOT2(S_M)=1 AND HOT2(S,N)=I AND SUM[I$(HOT(S.I.M)=I
AND HOT(S,LN)=I)HOTZ(S.Z.LM)J=I AND ~ M[J$(HOT(S,LN)=I
AND HOT(S,LM)=I)HOTZ(S.Z I N)]= I
OR {COLDZ(SM) IANDCOLD2(SN ) | AND  M[I$(COLD(S.J,M)=
AND COLD(S,J,N (SJ;

|
J=)ICOLDZ(S,Z M)zl and SUMJS(COLD(SIN)=I

N)>0
N)I;



AND COLD(S,J,M)=1),COLDZ(S,Z,J N)J=1 i
OR {(HHEAD(S,M N)>-0.00001 AND CHEAD
AND SUMPS(HOT(S,.M)=I)HOTZ(S,Z,I.M
coL

(S,M N)>=0.00001)
(S
AND SUM[J$(COLD(S,J.N)=I),

)I=]
DZ(S,ZIN)=1)];
*OR {LMTD(S,M N)>0 AND SUM [IS(HOT(S | M)=))HOTZ(S Z LM =

AND SUM [J$(COLD(S,J,N)=1),COLDZ(S.Z J,N)]-1}];

FOR(Si= 1TO CARD(S),
FOR(Zi=l TO CARD(Z),
FOR(lc=I TO CARD(i),
FOR(Ji=l TO CARD(J),
ALLOW (S,Z,1,J)$[ORD(S)=Si AND ORD(Z)=Zi AND ORD(I)-Ic
AND ORD(J)=Ji]= 0+ 1${SUM (M N)$[HOT(S.I.M)=1
AND COLD (sj,N)=1],D(S,Z M ,N)]>0
AND NOT[HU{I)AND CU(J)]T;
FOR (Mizl TO CARD(M),
ALLOW H(S,Z,1,M J)$[ORD(S)=Si AND ORD(Z)=Zi AND ORDOM ¢
AND ORD(J)=Ji AND ORD(M)=Mi
AND HOT(S,I,M)=1]= 0+
IS{SUM [N$tCOLD(S,J,N)=I],D(S,Z,M N)] >OANDNOT[HU())ANDCU(I)]};
ALLOW C( Z,JM )$[ORD(S)=Si AND ORD(Z)=Zi AND ORD(1)=]c
AND ORD(J)=Ji AND ORD(M)=Mi AND COLD(S,J,M)=l]= 0+
1${SUMNS[HOT(S,1,N)=1],D(S,Z,N,M)] >0AND NOT[HU(I)AND CU(I)]);

FOR(Zi=I TO CARD(Z),
FOR(lc=I TO CARD(i),
FOR(Jizl TOCARD(J),
ALLOW 2(Z,1,3)$[ORD(Z)=Zi AND ORD(l)=]c AND ORD(J)=Ji]= 0+
1${SUM[S,ALLOW (S,Z,1,J)] >OANDNOT[HU(I)AND CUI)]};

SONTEXT
*NM-4S 1-FINAL-6- F_L_EXIBlLITY i.gms: August9, 2004
:*o*n*e*igce*n*a*rilro *th*e*gfl’g*lﬂg!(*g g( **** L

kkkkkkkkkkk khkkhkkhhhhhkh khokkkkhkkk-kkkkhkhkhkhkhkkkk
SOFFTEXT

Sontext

*DEFINES THENUMBER OR TRANSFER ZONES
SET

Z transfer zone 121*22]

+ ALWAYS DEFINE THE HOT STREAMS FIRST, AND THEN THE COLD STREAMS
SET I /11 *115/

SETJNL" 15/

SETS

M temperature intervals /M 1*M 250/
SCENARIO ISt

K number of heat exchangers /K1 *K20/
X used to input numbers /X 1*X 15/

\ ALWAYS DEFINE THE UTILITIES WITH THE HIGHEST INDEX
V Heating utilities

SCALL GDXXRW .EXE c:\HENS\isahel.xls Set-  mg=GAMS!C49:149 Cdim=I
SETHU(I)

SGDXIN isabel.gdx

SLOAD HU

t Cooling utilities
SCALL GDXXRW .EXE c:\HENS\isabeLxIs Set=cu rng=GAMS!C52:152 Cdim=I

SGDXIN isabel.gdx
SLOAD CU

khkhkkkkhkhkkkhkhkkhkhkhkdhkhkhkhkhhkhkhkx % khkkkhkkkhkkdkhhhhkkhhkhhhhkkkhkkhkkhkxk
Input parameters
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*INPUTS 15 NUMBERS IN ONE VECTOR TO REDUCE LOADING TIME
ICALL GDXXRW .EXE c:\HENS\isabel.xls par=DATA rng=Hojal 'E48:F62 Rdim=I
PARAMETER DATA(X);

$GDXIN isabel.gdx

ILOAD DATA

*DEFINES WHICH EQUATIONS RUN OPT=0 GRASSROOTS OPT=] RETROFIT OPT=2 RELOCATION
PARAMETER OPT;
OPT = DATA('XI");

*THE NUMBER OF INTERVALS TO BE USED
PARAMETER NINT;
NINT = DATA('X2');

+ Maximum shell area
PARAMETER ASHELLMAX;
ASHELLMAX = DATA('X3");

\ Maximum area per exchanger
PARAMETER AMAX;
AMAX = DATA('X4");

¢ Minimum DELTA T
PARAMETER DTmin;
DTmin = DATA('X5");

i PARAMETER MAXNEXCHPERMATCH MAXIMUM NUMBER OF MATCHES WHEN BIF=1;
i MAXNEXCHPERMATCH = 2

PARAMETER BIF;

BIF = DATA('X6");

¢ LIMITS THE NUMBER OF HEAT EXCHANGERS IN ONE INTERVAL
PARAMETER KMAX;
KMAX = DATA('XT);

+ Minimum heat that can be transferred within an interval.Hot streams
PARAMETER QLHMIN;
QLHMIN = DATAO0XS");

¢ Minimum heat that can be transferred within an interval.Cold streams
PARAMETER QLCMIN;
QLCMIN = DATA('X8");

+ Maximum NUMBER OF EXCHANGERS
PARAMETER TOTNEXCHMAX;
TOTNEXCHMAX = DATA('X9');

¢ Minimum NUMBER OF EXCHANGERS
PARAMETER TOTNEXCHMIN;
TOTNEXCHMIN = DATAfX 10);

i FIXED COST FOR A HEAT EXCHANGER MATCHING STREAMS
PARAMETER CF;
CF=DATA('X11);

{ VARIABLE COST FOR A HEAT EXCHANGER MATCHING STREAMS
PARAMETER CA;
CA = DATA('X12Y);

{ COST OF RELOCATION
PARAMETER CAN;
CAN = DATA('X13);
PARAMETER CAE;
CAE = DATA('X13");

+ NUMBER OF HEAT EXCHANGERS ORIGINALY PRESENT
PARAMETER KET;
KET=DATACX14");

+ MAXIMUM ADITIONAL AREA



PARAMETER A NEW MAX;
A NEW MAX = DATAfXI5);

t NUMBER OF INTERVALS ON HOT STREAM

$CALL GDXXRW .EXE c:\HENS\isabel.xIs par=NIZ rng=GAM S'al:q3 Rdim=2 Cdim=I
PARAMETER NIZ(S,Z,1);

SGDXIN isabel.gdx

SLOAD NIZ

t NUMBER OF INTERVALS ON COLD STREAM

SCALL GDXXRW .EXE c:\HENS\isabel.xIs par=NJZ rng=GAMS!a5:q7 Rdim=2 Cdim=|
PARAMETER NJZ(S,Z,J);

SGDXIN isabel.gdx

SLOAD NJZ

{ HEAT TRANSFER CEOFF FOR HOT STREAMS

SCALL GDXXRW .EXE c:\HENS\isabel.xIs par—HI mg=GAM §!B9:ql0 Rdim=I Cdim=|
PARAMETER HI(S,I);

SGDXIN isabel.gdx

SI OAF) HI

{ HEATTRANSFER CEOFF FOR COLD STREAMS

SCALL GDXXRW .EXE c:\HENS\isabel.xIs par=HJ rng=GAMS!B12:qI3 Rdim=I Cdim=I
PARAMETER HJ(S,J);

SGDXIN isabel.gdx

SLOAD HJ

{ TEMPERATURE FOR HOT INLET STREAMS

SCALL GDXXRW .EXE c:\HENS\isabel.xIs par=TIH rng=GAM S!B15:ql6 Rdim=] Cdim=I
PARAMETER TIH(S.i):

SGDXIN isabel.gdx

SLOAD TIH

{ TEMPERATURE FOR HOT OUTLET STREAMS

SCALL GDXXRW .EXE c:\HENS\isabel.xls pai-TOH mg=GAMS!B18:q19 Rdim=] Cdim=]
PARAMETER TOH(S,I);

SGDXIN isabel.gdx

SLOAD TOH

{ TEMPERATURE FOR COLD INLET STREAMS

SCALL GDXXRW .EXE c:\HENS\isabel.xls par=TIC mg=GAMS!B21 :q22 Rdim=1 Cdim=I
PARAMETER TIC(S.J);

SGDXIN isabel.gdx

SLOAD TIC

{ TEMPERATURE FORCOLD OUTLET STREAMS

SCALL GDXXRW .EXE c:\HENS\isabel.xls par=TOC rng=GAMS!B24:925 Rdim=I Cdim=I
PARAMETER TO0C(S,J);

SGDXIN isabel.gdx

SLOAD TOC

{ PARAMETERS FOR ZZONE, TEMPERATURA @ EACH ZONE AND FLOW

¢ TEMPERATURE FOR HOT INLET STREAMS @ Z

SCALL GDXXRW EXE c:\HENS\isabel.xls par=TIHZ mg=GAMS!A27:929 Rdim-2 Cdim=|
PARAMETER TIHZ(S,Z,1);

SGDXIN isabel.gdx

SLOAD TIHZ

{ TEMPERATURE FOR HOT OUTLET STREAMS @ /A

SCALL GDXXRW .EXE c:\HENS\isabel.xls par=TOHZ rng=GAM S!A31:q33 Rdim=2 Cdim=]
PARAMETER TOHZ(S.Z,l);

SGDXIN isabel.gdx

SLOAD TOHZ

{ TEMPERATURE FOR COLD INLET STREAMS @ Z

SCALL GDXXRW .EXE c:\HENS\isabel.xls par=TICZ rng=GAMS!A35:9q37 Rdim-2 Cdim-I
PARAMETER TICZ(S,ZJ);

SGDXIN isabel.gdx

SLOAD TICZ

¢ TEMPERATURE FOR COLD OUTLET STREAMS @ Z



SCALL GDXXRW.EXE c:\HENS\isabel.xIs par=TOCZ rng=GAMS!A39:941 Rdim=2 Cdim=I
PARAMETER TOCZ(S.ZJ);

SGDXIN isabel.gdx

SLOAD TOCZ

t MASS FLOW FOR THE HOT STREAMS

SCALL GDXXRW.EXE c:\HENS\isabel.xls par=FH rng=GAMS!B43:q44 Rdim=l Cdim=I
PARAMETER FH(S,I);

SGDXIN isabel.gdx

SLOAD FH

t MASS FLOW FOR THE COLD STREAMS

SCALL GDXXRW.EXE c:\HENS\isabel.xls par=FC rng=GAMS!B46:q47 Rdim=| Cdim=I
PARAMETER FC(SJ);

SGDXIN isabel.gdx

SLOAD FC

+ HOTPROCESS STREAMS

SCALL GDXXRW.EXE c:\HENS\isabel.xls Set=FREEH rng=GAMS!CI :ql Cdim=I
SET FREEH(I)

SGDXIN isabel.gdx

SLOAD FREEH

t COLD PROCESS STREAMS

SCALL GDXXRW.EXE c:\HENS\isabel.xIs Set=FREEC rng=GAMS!C5:95 Cdim=I
SET FREEC(J)

SGDXIN isabel.gdx

SLOAD FREEC

{ SPLITS ARE ALLOWED FOR HOT STREAMS BINARY SH in paper
SCALL GDXXRW.EXE c:\HENS\isabel.xls par=SPH mg=GAM SIC55:956 Cdim=I
PARAMETER SPH(I);

SGDXIN isabel.gdx

SLOAD SPH

t SPLITS ARE ALLOWED FOR COLD STREAMS BINARY SC in paper
SCALL GDXXRW.EXE c:\HENS\isabel.xls par=SPC mg=GAMS!C58:q59 Cdim=I
PARAMETER SPC(J);

SGDXIN isabel.gdx

SLOAD SPC

t NON ISOTHERMAL MIXING IS PERMITED FOR HOT STREAMS BINARY
SCALL GDXXRW.EXE c:\HENS\isabel.xIs par=NIH rng=GAMS!C55:956 Cdim=I
PARAMETER NIH(l);

SGDXIN isabel.gdx

SLOAD NIH

t NON ISOTHERMAL MIXING ISPERMITED FOR COLD STREAMS BINARY
SCALL GDXXRWEXE c:\HENS\isabel.xls par=NIC mg=GAMS!C58:q59 Cdim=I
PARAMETER NIC(J);

SGDXIN isabel.gdx

SLOAD NIC

+ POSIBLE TEMPERATURE DIFERENCES BETWEEN EXCHANGING STREAMS
SCALL GDXXRW .EXE cAHENS\isabel.xIs par=DTVIO mg=DTV10!Al:C225 Rdim=2
PARAMETER DTVIO(LJ);

SGDXIN isabel.gdx

SLOAD DTVIO

t TEMPERATURE DIFERENCE IN THE HOT UTILITY

SCALL GDXXRW.EXE c:\HENS\isabel.xls pap-DTHU rng=GAMS!C49:q50 Cdim=I
PARAMETER DTHU(I);

SGDXIN isabel.gdx

SLOAD DTHU

t TEMPERATURE DIFERENCE IN THE COLD UTILITY

SCALL GDXXRW.EXE c:\HENS\isabel.xls par=DTCU rng=GAMS!C52:953 Cdim=|
PARAMETER DTCU(J);

SGDXIN isabel.gdx

SLOAD DTCU



} MAXIMUM MASS FLOW FOR THE HOT UTILITY

SCALL GDXXRW.EXE c:\HENS\isabel.xls par=FMAX_HU rng=GAMS!C61:962 Cdim=I
PARAMETER FMAX HU(I);

SGDXIN isabel.gdx

SLOAD FMAXJHU

¢ MAXIMUM MASS FLOW FOR THE COLD UTILITY

SCALL GDXXRW .EXE c:\HENS\isabel.xls par=FMAX_CU mg=GAMS!C64:965 Cdim=]
PARAMETER FMAX CU(J);

SGDXIN isabel.gdx

SLOAD FMAX_C

\ COSTOF HOT UTILITY

SCALL GDXXRW.EXE c:\HENS\isabel.xIs par=CHU mg=GAMS!C67:q68 Cdim=|
PARAMETER CHU(I);

SGDXIN isabel.gdx

SLOAD CHU

} COSTOF COLD UTILITY

SCALL GDXXRW .EXE c:\HENS\isabel.xIs par=CCU rng=GAMS!C70:q71 Cdim=I
PARAMETER CCU(J);

SGDXIN isabel.gdx

SLOAD ecu

} CPOF HOT PROCESS STREAM |

SCALL GDXXRW .EXE c:\HENS\isabel.xIs par=CPH mg=CP!BE2:BH251 rdim=3
PARAMETER CPH(S,I,M);

SGDXIN isabel.gdx

SLOAD CPH

} CPOF COLD PROCESS STREAM J

SCALL GDXXRW.EXE c:\HENS\isabel.xls par=CPC rng=CP!BJ2:BM 25| rdim=3
PARAMETER CPC(S,J,M);

SGDXIN isabel.gdx

SLOAD CPC

kkkkkkkkkkkkkkhkkkhkkhkkkkkkxk POR RETROF'T khkkkkkkkkkhkkkkkhkkkhkhkkkhkhkkkkhxkx

} AREAOFEXISTING HEAT EXCHANGERS

SCALL GDXXRW .EXE c:\HENS\isabel.xls par=AEX rng=EXCHANGERS!L2:08 Rdim=3
PARAMETER AEX(Z3,J);

SGDXIN isabel.gdx

SLOAD AEX

} AREA OF EXISTING HEAT EXCHANGERS THAT CANNOT BE MOVED

SCALL GDXXRW .EXE c:\HENS\isahel.xIs pai=AEX B mg=EXCHANGERS!Q2:U21 Rdim=4
PARAMETER AEX B(K,Z, );

SGDXIN isabel.gdx

SLOAD AEXJB

} NUMBER OF HEAT EXCHANGERS

SCALL GDXXRW .EXE c:\HENS\isabel.xls par=NHEO mg=EXCHANGERS!K45:0244 Rdim=4
PARAMETERNHEO(S.Z, );

SGDXIN isabel.gdx

SLOAD NHEO

} MAXIMUM AREA OF EXCHANGERS

SCALL GDXXRW .EXE c:\HENS\isabel.xls par=AEX_U rng=EXCHANGERS!L23:042 Rdim=3
PARAMETER AEX_ (Z,1J);

SGDXIN isabel.gdx

SLOAD AEX U

SCALL GDXXRW EXE c:\HENS\isabel.xls par=AEX_U_B mg=EXCHANGERS!Q23:U42 Rdim=4
PARAMETER AEXUB(K.Z.1J);

SGDXIN isabel gdx

SLOAD AEX Ulb*

**+****-|-********************* y\p)o FOR RELOCATION kkkkkkkkhkhkkhhkkkhhkkhkhkkhhhkhhkkdkkx %

SCALL GDXXRW.EXE c:\HENS\isabel.xIs pai-ALX R mg-EXCHANGERS!Z2:AA21 Rdim=I
PARAMETER AEX R(K);

SGDXIN isabel.gdx

SLOAD AEX R



SCALL GDXXRW .EXE c:\HENS\isabel.xls par=AEXJJ R rng=EXCHANGERS!Z23:AA42 Rdim=]
PARAMETER AEX U R(K);

SGDXIN Isabel.gdx

$LOAD AEX_li R

SCALL GDXXRW .EXE c:\HENS\isabel.xIs par=AEX_B_R mg=EXCHANGERS!IAC2:AD21Rdim=|
PARAMETER AEXBR (K);

SGDXIN isabel.gdx

SLOAD AEX_B_R

SCALL GDXXRW .EXE c:\HENS\isabel.xls par=AEX_U_B_R rng=EXCHANGERS!AC23:AD42 Rdim=I
PARAMETER AEX u B_R(K);

SGDXIN isabel.gdx _

SLOAD AEXJJJB R

* END OF INPUT PARAMETERS*

SCALARS Si, Zi, Mi, I, Ji

*H] HEAT TRANSFER COEFICIENT FOR HOT STREAM |

*H] HEAT TRANSFER COEFICIENT FOR COLD STREAM J

*HOT HOT FLOW IPRESENT IN INTERVAL M

{ COLD COLD FLOW JPRESENT IN INTERVAL N

PARAMETERS IHminZ(S,Z.1),IHmaxZ ($,Z,1),IHmax(S,l),[Hmin(S,1)HOT(S,1.M),

HOT2(SM), HOTZ(S,Z M), ICminZ($,Z,3),ICmaxZ($52,J),ICmin(S,),

ICmax(s,3),COLD(S,J,M),COLD2(S,M), COLDZ(S,Z,3,M), H_I(S,I.M), H J(S,3.M)

FOR(Siz| TO CARD(S),
FOR(Zi=I TO CARD(Z),
FOR(lc=I TO CARD(FREEH),
IHminZ($,Z,1)$[ORD(S)=Si AND ORD(I)=I
AND ORD(Z)=1]= 0+ 1$[N1Z(S,Z,1)>=1];
IHminZ($,Z,1)$[ORD(S)=Si AND ORD(])>!
AND ORD(Z)=1]= 0+
{SUM((ZZ,11)$[ORID (I)<ORD(NI,N1Z(S,2Z 1))+ I}$INIZ(S.Z,1)>= 1];
IHminZ(S,Z,1)${ORD(S)=Si AND ORD(Z)>1]=0+
{SUM((ZZ,1)$[ORD(11)<ORD (N],N1Z(S,2Z,11))
+SUM (ZZ$[ORD(ZZ)< ZilNIZ(S,ZZ 1)+ $INIZ(S,Z 1)>=1j;
IHmaxZ($,Z,1)$[ORD(S)=Si AND ORD(I)=lc AND ORD(Z)=Zi]= 0+
{IHrninZ(S,Z 1)+N]Z(S,Z,1)-1 J$[N1Z(S,Z,1)>=1];
IHmin(S,1)S[ORD(S)=Si AND ORD(1)=lc]=

SUM[Z${ M (ZZS$[ORD(ZZ)<=ORD(Z)-INIZ(S,2Z,1))=0}]HminZ(S,Z,1)];
IHmax(S,1)$[ORD(S)=Si AND ORD(J)=lc]=
SUM[Z${SUM (ZZS[ORD(ZZ)>=ORD(Z)+IN1Z(S,2Z,1))=0},IHmaxZ($,Z,]);

FOR(Mi=I TONINT,
HOT(S,I,M)$[ORD(S)=Si AND ORD(I)=lc AND ORD(M)=Mi]= 0+
IS[ORD(M)>= IHmin(S,I) AND ORD(M)<=IHmax(S,1)];
HOT2(S,M)S[ORD(S)-Si AND ORD(M)=Mi]= 0+ 1S[ORD(M)<=
SUM(I$(ORD(1)=CARD(FREEH)),IHmax(S,1))];

H )$[ORD(S)-Si AND ORD(I)=Ic AND ORD(M)=Mi
AND 8&6&)4”!0} 18 O(RI))( I M)>= IHmin(Z()S,ZC,I)AND OR(D()M)<I:IHmaxZ(S,Z,I)];
HJ(S,1,M)$[ORD(S)=Si AND ORD(I)=Ic AND ORD(M)=Mi
AND HOT(S,I,M)=1] = HI( I);

FOR(Ji=I TO CARD(FREEC),
ICminZ($,Z,3)$[ORD(S)=Si AND ORD(J)=IAND ORD(Z)=I]= 0+
{SUM (IS[ORD(1)=CARD (FREEH)],IHmax(S,1))+1)$[NIZ(S,Z,3)>=1];
ICminZ($,Z,J)$[ORD(S)=Si AND ORI)(J)>IAND ORD (ZH]- 0+
{SUM{IS[ORD(1)=CARD(FREEH)].IHmax(s,1)}
+SUM ((ZZ J3)$[ORD(JJ)<ORD (I)]NJZ(S,2Z JI)+1I$[NIZ(S,Z.J)>=1];
ICminZ(S,Z J)$[ORD(S)-Si AND ORD(Z)>I]= 0+
{SUM{IS[ORD(1)=CARD (FREEH)],IHmax(s,1)}
+SUM((ZZJ3)$[O1H (33)<ORD(I)INIZ(S,2Z,J3))
+SUM (ZZ$[ORD(Z2Z)< ZilNJZ($,2Z 3))+1 $[NIZ (8,2, 3)>=]I;
ICmaxZ($,Z,3)$[ORD(S)=Si AND ORD(J)=Ji AND ORD(Z)=Zi]= 0+
{ICminZ (8,2 J)+NJZ(S,.2,3)-1} [NIZ(S.Z,)>=1];
ICmin(S,J) S{ORD(S)=Si AND ORD (J)=ii]=
SUM[Z${SUM (ZZ$[ORD(ZZ)<=0RJID(Z)-1],NIZ($,2ZJ))=0}ICminZ(S,Z,J)];



ICmax(S,J) $[ORD(S)=Si AND ORD(J)=Jil=
SUM [Z${SUM (ZZ$[ORD(2Z)>=0RD(Z)+1]NJZ(S.2Z 3))=0}JCmaxZ(S.Z.J)]:

FOR(Mi=T TONINT,
COLD(S,J M)$[ORD(S)=Si AND ORD(J)=Ji AND ORD(M)=Mi]= 0+
IS[ORD(M)>=ICmin(S,J)) AND ORD(M)<=1Cmax(S.J)];
COIID2(S,M)$[ORD(S)=Si AND ORD(M)=Mi]= 0+
I${ORP(Mj>SUM (IS(ORD(IH:ARD(FREEH));IHmax(S,1))
_AND ORI)(M)< SUM (J$(ORD(J)=EARD(FREEC))JCmax(S,J))]:
COLDZ(S,Z,3,M)$[ORD(S)=Si AND ORD(J)=Ji AND ORD(M)=Mi
AND ORD(Z)=Zi]= O+ ISORD(M)>= ICminZ(Sy.J)
AND ORD(M)<=ICmaxZ(S,ZJ)];
HJ(S,J,M)$[ORD(S)=Si AND ORD(J)=Ji AND ORD(M)=Mi
AND COLD(S,J,M)=1] = HI(sTj) ;

*DHH  ENTHALPY CHANGE FOR HOT PROCESS STREAM |
*DHC  ENTHALPY CHANGE FOR COLD PROCESS STREAM J

*DT  TEMPERATURE DIFERENCE BETWEEN STREAMS AT INTERVAL
*TU  UPPER TEMPERATURE OF INTERVAL

*TL LOWER TEMPERATURE OF INTERCAL

PARAMETERS DT(S,M),TU(S,M), TL(S,M), DHH(S,IM).DHC(S,IM);

DT(S,M) = SUM((Z,)$[HOTZ(S,Z IM)=1]{[TIHZ(S Z,1)-TOHZ(S.Z, ]/
[Hmaxz($,Z,))-IHminZ(S,Z,)+1J})$[HOT2(S, M)= 1]+

SUM ((Z,3)$[COLDZ(S,Z,JM)=1] {[TOCZ(S,Z J)-TICZ(S.Z, )]/
[ICmaxZ(S,Z,J)-1ICminZ($,Z,3)+]1})$[COLD2(S,M)=I];

FOR(Si= 1TO CARD(S),
FOR (Mizl TONINT,
TU(S,M)$S[ORD(S)=Si AND ORD(M)=Mi]= {SUM((Z D$[HOTZ(S,Z,I,M)=!
AND ORD(M)=IHminZ(S,Z,1)],TIHZ(S,Z,1)${ORID(M)=IHminZ(S,Z,1)])
+ SUM((Z,1)$[HOTZ(S,Z,i,M)=lAND ORD(M)>IHrninZ(S,Z,1)AND
ORD(M)<=IHmaxZ($,Z,1)],
[TIHZ(S,Z,))-(ORD(M)-IHminZ($,Z,1))*DT(S,M
IHminZ(S,Z,)AND ORD<M)<=]HmaxZ($,Z,])J$[HOT2(SMM]
+ {SUM((z3)$[COLDZ(S,Z,JM)=I AND ORD(M)=ICminZ (S zj)].
T0CZ(S,Z,J)${ORD(M)=ICminZ(S,Z J)])
+SUM ((ZJ)$[COLDZ(S,zj,M)=1 AND ORD(M)>ICrninZ(S.Z,J)
AND ORD(M)<=ICmaxZ($,Z,J)],
[TOCZ(S,Z,3)-(ORD(M)-ICminZ($,Z,3))*DT(SIM)]S[ORD(M)>
ICminZ(S,Z J)AND OIH)(M)<= ICmaxZ(S.ZJ)])}$[COLD2(S,M)=l]:
TL(S.M)$[ORD(S)=Si AND ORD(M)=M
{SUM((Z1)$[HOTZ(S,Z,IM)= IAND ORD(M)=IHmaxz(S,Z,1)],
TOHZ(S,Z,1)$[ORD(M)=IHmaxZ($,Z,1)])
+ SUM((Z,1)$[HOTZ(S,Z,IM)=I AND ORD(M)<IHmaxZ(Z,1)

AND ORD(M)>=IHminZ(S,Z,1)],
[TOHZ(S,Z,I)+(IHmaxZ(S,Z,1)-0RD (M))*DT(S,M)]$[ORD (M)<
IHmaxZ($,Z,1)AND ORD(M)>=IHminZ(S,Z,)])}$[HOT2(SM)=1]

+ {SUM((Z J)$[COLDZ(S,Z,J,M)=TAND ORD(M)=ICmaxZ($,Z,J)],
TICZ(S,Z J)$[ORD(M)=ICmaxZ(S\Z,3)])
+ SUM((Z,J)$[COLDZ(S,Z,J,M)=1AND ORD(M)<ICmaxZ(S,Z,J)
AND ORD(M)>=ICminZ(S,Z,3)],
[TICZ(S,Z3)+(ICmaxZ(S,Z,3)-ORD(M))*DT(S,M)]S[ORD (M)<
ICmaxZ($,Z,J)AND ORD(M)>=ICminZ($,Z,J))}$[COLD2(S,M)=1];
FOR(lc=I TO CARD(FREEH),
DHH(S,I,M)$S[ORD(S)=Si AND ORD(M)=Mi AND ORD(l)
AND HOT(S,,M)=1]= FH(S,I)*CPH(S,I,M)*[TU(S,M)-TL(S.M)] ;

)I$[ORD(M)>

FOR(JizI TO CARD(FREEC),
DHC(S,J.M)$[ORD(S)=Si AND ORD(M)=Mi AND ORD(J)=Ji
))) AND COLD(S.J,M)=1]= FC(S,J)*CPC(SIM)*[TU(SM)-TL(SM)] ;
1

*ALLOW _2 MATCH ALLOWED BASED ON LMTD
¢ ALLOW HEAT EXCFIANGE IS PERMITTED BETWEEN HOT STREAM IAND COLD STREAM J
*ALLOW H HEAT EXCHANGE IS PERMITTED BETWEEN HOT STREAM I@M AND COLD STREAM J
*ALLOW~C HEAT EXCHANGE ISPERMITTED BETWEEN HOT STREAM 1AND COLD STREAM J@N
PARAMETER HHEAD(S.M.N), CHEAD(S.M.N), LMTD(S.M.N). D(S,Z,M N)

ALLOW(S,Z,1.J). ALLOW _H( ,Z.LM.J), ALLOW C(S,ZIM.I), ALLOW 2(Z U) ;

FOR(lc=I TO CARD(FREEH),



FOR(Ji=l TO CARD(FREEC),

— =~ ™ _ Ll (=
.._'@ZN__

E=o

FOR(Zi=l TO CARD(Z),
FOR(lc=l TO CARD(FREEH),
FOR(JizI TO CARD(FREEC),
ALLOW 2(Z,1.3)$[ORD(Z)=Zi AND ORD(I)=Ic AND ORD(J)=Ji]= 0+
{ UM[ ALLOW(S,Z, )] >0 AND NOT[HU(I)AND CU(J)]}

* V5

~Na o
N Ws(sz,(,n
MIAR( 2\ )



ALFA_N(S,Z, ,N)

FHU(I) is FCP (MJ h_C)

FCU(J) is FCP CU(MJhJC)

BI(,Z,I,M,JN) X(imjn) in the paper
Z1M

USHELL B(K.Z, )
*$ontext

******************************ADD FOR retro f|t khkkkkkkkhkhkkkkhkhkkkkhkkkhkhhkkkhkhkkkkkx

PRNSZ,

J)

)

Wy
!

HOTUTILITYCOST
ColdJJTILITYjCOST

FIsqeesT

*$offlext

"POSITIVE VARIABLE Q QNEW2_M,QNEW2_N,QC,QH,Q2,PAR1,PAR2,DPAR_EDPAR_E_B

PARNPARN B

PAR QNEWM QNEW N

BINARY VARIABLE NHE_MO0_B,NHE_M1_ B,NHE NO_B,NHE_N1_B,Y M,Y_N,X1_BX BNHE §
defta,me_b,y_n_b nher)Onhe_m nhf_no nhedn LALFaJm ALFA N

INTEGER VARIABLE USHELL,USHELL B

EQUATIONS
HBHU(S,IM)
HBCU(S,JN)
HBHS(S,I.M)
HBCS(S,J.N)
TRANSFOR_M( ,Z, M)
TRANSFORMS,Z, N)
HBHS_NI(S,T.M)
HBCS~NI(S,J,N)
NOISOH(S,IM)
NOISOC(SJ,N)
BINARYJVIL( ,Z, M
BlNARYJVlZ(S,Z M
BINARYJVIL B(
BINARy IM 2~B(S,
BINARYINI( ,Z1
BINARY~N2(S,Z,I
BINARY~N1 B(
BINARY~N2IB
BINARY _M5(
BINARY~M5h
BINARY M3(S
BINARY~M4(
binary!m8(S,
BiNARY jvi9(s’
BINARy I'm 6(S
blnary'm7($,

BINARY~ N5b( .z, N)
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FEASEND3( ,Z,IJM.
FEASIeND(S,Z,ILJM N
FEASEND2( Z,1JM,
FEASTbEG4B(S,Z,1,J,M,

N)
)
N
FEAsTbEG2J3(S.Z.1,JM
M
m
M

)

feas"beg Jlb(S,Z,1J,
FEAS"BE(j3_B(S,Z,U
FEASIEND3~B(S i,l,\]
FEASJEND _B( ,
FEAS~END?2 B(SZ,l,JM
PAREQ(S.Z, )
SHELL(Z,1J)
SHEL17b (K.Z,10)
KMAXL ( ,Z,1J)
KMAX2(S,23,0)
TOTALCOST
TOTNEXCH MAX
TOTNEXCHMIN

WWMM‘:****M FE":mT

AREAJIEST3(S,Z,

N)
N)
N)
N)
N)
N)
N

)

AREA _REST4(SZ, )
AREAJIEST5(S,2,1,0)
AREAJLEST7(S,Z,1,J)
LIM_HEX(S.M)

AREA_RESTHB( K,Z,IJ)
arealrest27b(s'k,z,i,j)
AREalrEST3J3(SK,Z,U)
AREAJUEST4IB(S,K,Z,U)
AREalrEST5JB(SK,Z,1J)
AREAJIEST6 B(S.ZTJ)

*ADD_REST
*ADDIIEST2(S,1,9)

HOTUC
ColdJJJC
Area_c
FIX ¢

Egggre*x*t****************** ****yI\P)P) POR RELOCATION***** khkkkkkkhkhkk khkkhhkhkkhkhhdk kkkkkk
RELOCATEJ( .Z1J)

RELOCATEJ2(S,Z,1,J

RBLOCATrfSiSz'IJg

RLLOCATIf4( ,Z,1J)

RELOCATE™) ( z, )
RELOCATEISI2(S”Z 1)
R CCATHOKS )
RELOCATEIT(K,S,Z,1J
RELOCATE[8(K.S,Z,1,)
RELOCATEJ>(K S,Z,1,J)
RELOCATEJO(K,S,Z,1J)
Sofltext

*HEAT BALANCE ON HEATING UTILITIES

HBHU(S,I,M)$(HOT(S,1,M)=] AND HU(I) AND FREE (|) ND ORD(M) LE NINT)..
FHU(I)*(TU(S,M)-TL(S,M)) =E= SUM((Z,N.3)$(D(S,Z M N)=1 AND TL(S.N) LT TU(S,M)
AND COLD(S,J,N)z]

AND ALLOW FI( Z,IMJ)=1 AND ALLOW _C(S,ZJN,I)=1 AND FREEC(3)).Q(S.Z,IM JN));



*eq (2)

HBCU(S,J N)$(COLD(S,J,N)=1 AND CU(J)AND FREEC(J) AND ORD(N )LE NINT)..
FCU(I)*(TU(S,N)-TL(S,N)) =E= SUM ((Z,M,1)$(D(S,Z,M NH AND TL(S,N) LT TU(S,M)
AND HOT(S,I,M)=I

AMD ALLOwW H(S,Z,IM J)=] AND ALLOW C(S,Z J,N.J)=1 AND FREEH(1)),Q(S,Z,IM JN));

HBHS(S,IM)$(HOT(S,I.M)=I AND NOT HU(I) AND FREEH(I) AND NIH(1)=0 AND ORD(M) LE NINT)..
DHH(S,IM)=E=SUM((Z,N.J)$(D(S,Z,M ,N)=1 AND TL(S,N) LT TU(S,M) AND COLD(S,J,N)=]
AND ALLOW]I( ,Z,LMJ) TAND ALLOW :(S,Z J.N.1)=1),Q(S.Z,I,M.)N));

*EQ (4)
HBCS(S,J,N)$(COLD(S,J,N)=I AND NOT CU(J) AND FREEC(J) AND NIC(J)=0 AND ORD(N) LE NINT)..
DHC(S,LN)=E=SUM ((Z,M,1)$(D(S,ZM N)=1 and TL(S,N) LT TU(S,M) AND HOT(S,I,M)=I

AND ALLOW H(S.Z,IM 3)=l AND ALLOW C( ,ZJN.1)=1),Q(S.Z,IM IN));

TRANSFORMS,z, ,M)$(HOT(S,I.M)=I AND ALLOW _H(S,Z,IM J)=I
AND FREEH(I) AND FREEC(J) AND ORD(M) LE NINT)..

QNEW _M( ,Z,1JM)=E= SUM(NS(D(S,Z,M ,N)=1 AND TL(SN) LT TU(S.M)
AND COLD(S,J,N)=1 AND ALLOW _C(S,Z,J,N,1)=1),Q(S.Z,IM I.N));

TRANSFOR_N(S,Z,1,J,N)$(COLD(S,J,N)=I AND ALLOW _C(S,Z I.N,])=1

AND FREEH(I) AND FREEC(J) AND ORD(N) LENINT)7

QNEW _N( ,Z,1,JN)=E=SUM (M$(D(S",M N)=1 AND TL(S,N) LT TU(S,M)AND HOT(S,].M)=I
AND ALLOW H(S,Z,IMJ)=1).Q(S,Z.I,M I N)),

*EQ(7)

HBHS_NI( LM)S(HOT(S.IM)=I AND NOT HU(I) AND FREEH(I) AND NIH(1)=1
AND ORD(M) NINT)..

DHH(S,1,M)=E= SUM((Z,N J)$(D(S,Z M ,N)=1 AND TL(S,N) LT TU(S,M)

AND COLD(S,].N ) | AND ALLOW J-1(S,Z,1M J)=1 AND ALLOW C(S,7,LNJ)-|),

N

+SUM(Z.N)
)$

[ZN)$(D(S,Z,M N)=1 AND HOT(S,IN)=l AND ORD(N) GT ORD(M)),QH(S,Z,IN.M))
-SDM ((Z,N)$(

D(S,Z,SViN)=I AND HOT(S.IN)=F AND ORD(N) LT ORD(M)),QH(S,Z,I,M,N)))'

HBCS NI ( JN)$(COLD(S,IN)=I AND NOT CU(J) AND FREEC(J)AND NIC(J)=1)
DHC(S,I.N ) E= SUM((Z,M 1)$(D(S,Z,M N)=1 AND TL(S,N) LT TU(S,M) AND HOT(S,I,M)=I
AND ALLOW _H(S,Z,I M J)=I AND ALLOW _C( ,Z,J.N,1)=ixQ(S,Z,LMJ N))

)=1

+SUM ((Z,M)$(D(S,Z,M ,N)=1AND COLD(S,J,M)=] AND ORD(M) LT ORD(N)) QC(S Z J,M N))
SUM ((z7m )$(D(S,Z,M N)=1 AND COLD(S,JM)=I AND ORD(M) GT ORD(N)).QC(S,Z,J,N.M));
NOISOH(S,I,M)$(HOT(S,I,M)=I AND NOT HU(I) AND FREEH(I) AND NIH(I)=1 AND ORD(M) LE NINT)..
SUM((Z,N)$(D(S,Z,M N)=1 AND HOT(S,I.N)=l AND ORD(N) LT ORD(M)),QH(S,Z,1.M N))
=L=SUM((Z,N.3)$(D(S,Z,M ,N)=1 AND TL(S,N) LT TU(S,M) AND COL.D(S,J,N)=I
[RND ALLOW H(SZ 1M 3)=1 AND ALLOwJc(SZIN1=1).0(S.Z LM IN));

*EQ (10)
NOISOC(S,J,N)$(COLD(S,J,N)=I AND NOT CU(J) AND FREEC(J) AND NIC(J)=1

AND ORD(N) LE NINT)..

SUM((Z,M)$(D (s,z M N)=1 AND COLD(S,J,M)=l AND ORD(M) GT ORD(N)) QC(S,Z.J.N.M))
=L= SUM((Z,M,1)S'(D(S,Z.MN)=1 AND TL(S,N) LT TU(S,M) AND HOT(S,I,M)=I

AND ALLOW H( ,ZI MJ)=LAND ALLOW C($,Z JN.)=1),Q(S.Z,IM JN));

*EQ (L 1a and 13a) Case of BIF(1,J)=0 (ij) notbelonging to setB.

BINARY MI( ,Z,JM)$(HOT(S,I,M)= AND ALLOW H(S,Z,IM J)=1 AND BIF(Z,1J) =0
AND FREEH(I) AND FREEC(J)AND ORD(M) LE NINT)..

QNEW _M( .Z,1LIM)-YAM(S,Z,1.JM)*DHH(S,IM)$(NOTHU(I))
-y Tm (S$,Z,UM)*FMAX_HU(I)*DTHU(1)S(HU(1))=L=0;

*EQ (lib and 13b) Case of BIF(1,J)=0 (ij) not belonging to set B

FREEA® FRkkkxkkx  MINIMUM VALUE OF QNEW _M=0.01 i

BINARY M2(S,Z,1,LJ,M)$(HOT(S,IMH AND ALLOW _H( ,Z,IMJ)=1 AND B]F(Z, J)=0 AND
FREEH(I) AND FREEC(J)AND ORD(M) LENINT).. QNEW _M( ,Z,1J,M)-Y M(S,Z1.J,M)*QLHMIN=G=0;



*EQ (Lla and 13a) Case of BIF(1,J)=1 (ij) belonging to set B
BINARY_M1_B(S,Z,LJM)$(HOT(S,I,M)“ LAND ALLOW _H(S,Z,IM . J)=I AND BIF(ZAJ) =1
AND FREEH(I) AND FREEC(J) AND ORD(M) LE NIS1)..

QNEW _M(S,Z, M)-Y_M _B(S,Z,ILJ,M)*DHH(S,IM)$(NOT HU( ))
-Y_M_B(S,Z,1J,M)*FMAX_HU(*DTHU (N$(HU(1))=L=1;

*EQ (lib and 13b) Case of BIF(L1,J)=1 (ij) belonging to set B
BINARY M2 B(S,Z,1,J,M)$(HOT(S,I,M)=1 AND ALLOW _H(S,Z,M J)=1 AND B1F(Z, ) =1
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AND LRLLIIfi) AND FREEC(J) AND ORD(M) LENINT).. QNEW _M(S,Z,1LI,M)-Y M _B(S.Z,LI,M)*QLHMIN =G= 0:

*EQ (12a and 14a) Case of BIF(1,J)=0 (ij) not belonging to set B

BINARYNI( .z, N)$(COLD(SJN)=I AND ALLOW C( ,Z,JN1)=1 AND BIF(Z, ) =0
AND FREEH(I) AND FREEC(J) AND ORD(N) LE NINT)..

QNEW N(S,Z, N)-Y_N(S,Z, N)*DHC(S,JN)S(NOT CU(j))

Y N(S,.ZLIN*EMAX_C (I)*DTCU)$(CLI(J))=L-0;

*EQ (12b and 14b) Case of B1F(1,J)=0 (i) not belonging to set B
BINARY_N2(S,Z, ,N)$(COLD(S,JN)- | AND ALLOW _C( ,ZJN,I)=1 ANDBIF(Z,1,J) =
AND FREEH(I)AND FREEC(J)).. QNEW _N(S,Z, ,N)~Y_N( .z, ,N)*QLCMIN=G=0;

*EQ (12a and 14a) Case of BLF(I,J)=
BINARY_N1_B(S,Z, ,N)$(COLD(S,J,N)-I AND ALLOW _C(S,Z,J,N,I)=I AND BIF(Z,1J) =1
AND FREEH(I) AND FREEC(J) AND ORD(N) LENINT)..
QNEW _N(S,Z, ,N)-Y_NIJB(S,Z, ,N)*DHC(SJN)$(NOT CU(I))
-y 't B( ,ZLIN)*FMAX_C (J)*DTCU(J)$(CU(J))=L=0;

1 (Ij) belonging to set B
(

*EQ (12b and 14b) Case ofBlF( J)=1  (ij) belonging to set B
BINARY_N2_B(S,Z,1,JN)$(COLD ( J,N)z AND ALLOW _C( ,ZJ\N,1)=1 AND BIF(
) A

B 1J) =1
AND FREEH(I)AND FREEC(J)AND ORD(N) LENINT).. QNEW N( Z,1JN)-Y_

z
N_B(S,Z,1,JN)*QLCM IN=G=0;
*EQ (15)NOT NEEDED

GAMS WRITES IT AUTOMATICALLY WHEN IT WRITES EQUATION (18)

*EQ (16)
BINARY M5(S,Z,UM)S(HOT(S,I,M)= AND HOT(S,I,M-I) AND ALLOW _H(S,Z,1,M J)=I
AND ALLOW H(S,Z,IM-1.J) AND BIF(Z,1,J) =0 AND FREEH(I)AND FREEC(J)AND ORD(M) LE NINT)..

NHE MO0(S,Z,1,M)=L=2-y Im (S.ZLIM)-Y M (.Z,1.JM-1);

*EQ (17) 1S IN REALITY NOT NEEDED, BUT WAS ADDED TO ENFORCE K=0 WHEN Y=0
*AND HOT(S,I,M-I) AND ALLOW _H( ~,I,M-1]JAND ALLOW H(S,Z,I.M,3)=I
*AND ALLOW _H(S,Z,IM J)=1

BINARY M5b(S,Z,1,J,M)$(HOT(S,I,M)=IAND ALLOW _H(S,Z,I.M J)=1AND BIF(ZLJ) =0
AND FREEH(I) AND FREEC(i) AND ORD(M) LE NINT).. NHE_MO0(S,Z,1, M) =L=Y _M( ,Z1JM);

ITTURNS OUT THAT THISEQUATION ONLY FORCES THE VALUES OF K TO BE ZERO
WHEN Y -0, WHICH HAPPENS NATURALLY IFONE ISMINIMIZING THENUMBER OF
EXCHANGERS OR BECAUSE THE FIXED COSTS ARE BEING MINIMIZED

EVEN IFNOT DRIVEN TO ZERO BY THE OBJECTIVE FUNCTION IT ISHARMELESS.
*HOWEVER, ITTURNS OUT THAT ITCOULD MAKE EXTENSIONS OF THE MODEL HAVE
*PROBLEMS. SO, ALTHOUGH THE EQUATION ISNOT NEEDED, IT GIVES SOME EXTRA VALUES
*OF KWHEN THEY DONOT REALLY MATTER.

* k% *

BINARY _M3(S,Z,1.J,M)$(HOT(S,IM)=I AND ALLOW H( ,Z,IIM,J)=1 AND BIF(Z,1,J) =0
AND FREEH(I) AND FREEC(J) AND ORD(M) LE NINT)..
NHE_MO| ZLIM)=G=Y_M(S,Z, M)-Y_ Mf IM-DS(HOT(S,I,M-1)
* AND ALLOW=H( Z,I,M 1) ;

*EQ (19)

BINARY M4(S,Z,1JM)S(HOT(S,,M)=1 AND HOT(SJ,M-I) AND ALLOW _H(S,Z,I,M J)=1

AND ALLOW H(S,Z,LM-1.J) AND BIF(Z,1,J) =0 AND FREEH(I) AND FREEC(J)AND ORD(M) LE NINT)..
NHE_MO( ,Z,1,JM)=6=0;

*EQ (20) NOT NEEDED
* GAMS WRITES IT AUTOMATICALLY WHEN IT WRITES EQUATION (18)

BINARY M8(S,Z, ,M)$(HOT(S,IM)=I AND HOT(S,I,M+) AND ALLOW H( ,Z,IM J)=1
AND ALEOW H(S,Z,1,M+] J)AND BIF(ZJJ) =0 AND FREEH(I) AND FREEC(J)AND ORD(M) LE NINT)..
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NHE M1(S,Z, M)=L=2-Y_M(S,Z, ,M)-Y M(S.Z.IJM+L);

*EQ (22) ORIGINALLY NOT NEEDED,BUT ADDED TO ENFORCE K=0 WHEN Y=0
* " AND HOT(S,I,M-I) AND ALLOW _H(S,Z,IM-1J)
BINARY M9(S,Z, ,M)$(HOT(S,I,M)=IAND ALLOWJ-I(S,Z,1M J)=IAND BIF(Z, ) =0
AND FREEH(I)AND FREEC(J)AND ORD(M)LE NINT)
NHEMI( 2z, M)=L=Y M(S,Z, M);

* SEECOMMENTS ON EQUATION (17)

*EQ (23)

BINARY_M6(S,Z, ,M)$(HOT(S,I,M)=I AND ALLOW _H(S,Z,L.M.J)=1 AND BIF(Z,1,J) =0

AND FREEH(I) AND FREEC(J) AND ORD(M) LE NINT).. NHE M 1( ,Z,LIM)=G=Y _M( ,Z1JM)-Y_M( ,Z1JM+)
(HOT(S..M+1) AND ALLOW H(S,Z 1 M+1));

*EQ (24)

BINARY M7(S,Z, ,M)S(HOT(S,I,M)=I AND HOT(S,,M+I) AND ALLOW _H(S,Z,I,M J)=I
AND AIXOW H(S,Z,I,M+10) AND BIF(Z, ) =0 AND FREEH(I) AND FREEC(J) AND ORD(M) LE NINT)..
NHEM 1( z, M)=G=0;

BINARY M3 B(SrZ,[J,M)$(HOT(S,I.M)=l AND ALLOW H(S,7.IM )=l AND BIF(Z,]J) =
AND FREEHTI) AND FREEC(J) AND ORD(M) LE NINT)..
Y M B(SZ1JM)=E=SUM (08(HOT(S,],0)-1 AND ORD(O) LE ORD(M)
AND ALLOW _H(S,2,1,0,3)-)NHE_MO0 B(S,2J,3,0))
-SUM (0$(HOT(S,1,0)=1 AND ORD (0) LE [ORD(M)-I]
AND ALLOW H( ,Z,1,00)= ) NHE M1JB(S,Z,1,3,0));

*EQ (26) NOT NEEDED
GAMS WRITES ITAUTOMATICALLY WHEN IT WRITES EQUATION (18)

*EQ (27)

BINARY N5(S,Z,1,J,N)S(COLD(S,J,N)=1 AND COLD(S,J,N-1) AN

AND ALLOW C( ,Z,JN- 11)AND BIF(Z,1J) =0 AND FREEH(I)
NHEJ40(S,Z,1.I,N)=L=2-Y N(S,Z,1,IN)-Y_N(S,Z,1,

DALLOW C( ,ZJIN =1
AND FREEC(J) AND ORD(N) LE NINT)..
IN-]);
*EQ (28) NOT NEEDED, BUT ADDED TO ENFORCE K=0 WHEN Y=0
*  AND COLD(S,JN-I) AND ALLOW _C( ,Z,JN-1.1)
BINARY N5b(S,Z,1,jN)$(COLD(S,J,N)=FAND ALLOW C( ,ZJN,I)=1 AND BIF(Z,1,J) =0

AND FREEH(I) AND FREEC(J))..

NHE_NO(S,Z1LIN)-L= Y _N( ,ZLIN);

* SEECOMMENTS ON EQUATION (17)

BINARY N3( ,Z,1.JN)$(COLD(S,J\N)= IAND ALLOW C( ,ZJN,)=1 AND BIF(Z,1J) =0
AND IREEII(I) AND FREEC(J)AND O ( )LE NINI)
NHE _NO( ,Z1IN)=G=Y _N(S,Z,1J.N)-Y_N(S,Z,1JN-1)

$(COLD(S,J,N-1) AND ALLOW C(S,Z,JN-1,1)),

*EQ (30)

BINARY N4( ,Z |J,N)$(COLD(SJN) | AND COLD(SJ,N-I)AND ALLOW _C( .Z,JN,I)=1

AND ALLOW C(S,Z,JN-I,I) AND BIF(Z,1,J) =0 AND FREEH(I) AND FREEC(J) AND ORD(N) LE NINT)..
NHE_NO(S,Z,1,J,N)=G=0;

*EQ (31) NOT NEEDED
GAMS WRITES ITAUTOMATICALLY WHEN IT WRITES EQUATION (18)*

BINARY N§(S,Z,1.J,N)$(COLD(S,J,N)=I AND COLD(S,JN+I) AND ALLOW C( ,Z,IN,I)=1
AND ALLOW C(S,ZJ,N+L1) AND BIF(Z, ) =0 AND FREEH(I) AND FREEC(J)AND ORD(N) LE NINT)..
HEINI( ,Z, 10 N)=L=2-Y _N(S,Z,1LIN)-Y_N(S$,Z,1,J N+1);

*EQ (33) NOT NEEDED BUT ADDED TO ENFORCE K=0 WHEN Y=0
* AND COLD(S,JN-I) AND ALLOW _C(S,Z,J,N-11)

BINARY N9( ,Z,1LJN)$(COLD(SJ,N)=I AND ALLOW C( .Z,JN,1)= 1AND BIF(Z,1,J) =0
AND FREEH(I) AND FREEC(J) AND ORD(N) LENINT)..
NHENL(,ZJJIN)=L= Y _N(SZTJIN);
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* SEECOMMENTS ON EQUATION (17)

*EQ (34)
BINARY N6(S.Z, ,N)$(COLD(S.J,N)=I AND ALLOW _C( ,ZJN,I)=1 AND BIF(Z,1J) =0
AND FREE!1(1) AND FREEC(I) AND ORD(N) LE NINT)..
NHE_N1(S,Z,1.JN)=G=Y _N(S,Z,1LIN)-Y_N(S,Z,1J N+1)
$(COLD(S,JN+I) AND ALLOW C(S,Z,JN+11));
*EQ (35)

B)NARY N7(S,Z, N)$(COLD(S,J,N)=I AND COLD(S,J,N+I)AND ALLOW C(S,Z,JN,I)=1
AND ALLOW _C( ,Z,JN+11)AND BIF(Z, ) =0 AND FREEH(I) AND FREEC(J) AND ORD(N) LE NINT)..
NHE_N1(S,Z,1,J,N)-G=0;

BINARY_N3_B ILJN

(S.Z,1LIN)$(COLD(S,IN)=I AND ALLOW C(S,Z,JN,I)=1 AND BIF(Z, ) =1
AND FREEH(])AND FREEC(J) AND ORD(N) LENINT).
Y N _B(S,Z, N)=E=SUM(0$(COLD(S,J,0) AND ORD(0) LE ORD(N)

AND"aLLOwlc( ,Z,J,O,I))NHE NO_B(S,Z,1,J,0)) - SUM (0$(COLD(S,J,0) AND ORD(0) LE
)l A ]

s
ORD(N)-I AND ALLOW _C(S,Z,J,0,1)) NHE_N 1 B(S,Z,1,3,0));

z
N
= N
(

HE_COUNT_MO(S,Z,1,J)$(ALLOW(S.,Z,1,J)=1 AND FREEH(I) AND FREEC(J))..
NHE(S,Z,1,J)=E=SIIM (MS(HOT(S,IM)=I AND ALLOW H(S,.Z,EMJ)=1 AND BIF(Z,1J) =1),
NHE MO_B(S,Z,1.J,M)) + SUM(MS$(HOT(S,I,M)=l AND ALLOW _H( ,Z,I.M,J)=1

AND BIF(Z,1,J) =0), NHE_M0(S,Z,1,3,M));

*EQ (38)
HE_COUNT_NO(S,Z,1.J)S(ALLOW (S,Z,1J)=1 AND FREEH(I) AND FREEC(J))..
NHels,Z,1,J)=E=SUM(N$(COLD(SJN)=1 AND ALLOW C(S,Z,J,NI)=1 AND BIF(Z,1.J) =1),

+ SUM(N$(COLD(S,J,N)=1AND AU ,OW C(S,ZJ,N,I)-l AND BIF(Z,1,J) =0),
NHE_NO( ,ZLJN));

HE_COUNT_MI( ,Z1J)$(ALLOW(S,Z,1,J)=I AND FREEH(I) AND FREEC(J))
NHE(S,Z,1,J)=E= SUM(M$(HOT(SIM) | AND ALLOWJ3(S,Z,I,M J)=1 AND
NHE M1 B(SZIJM))+SUM(M$( OT(S,I,M)=l ANeTALLOW H(S.Z,1MJ
AND BIF(Z,1,J) =0), NHE_M1(S.Z,1LJM));

BIF(Z,1J) =1),
)=1

HE COUNT NI( ,Z,1,3)S(ALLOW ($,Z,J)=1 AND FREEH(I) AND FREEC(J)).
NHE(S.Z,1,jj=E-SUM (N$(COLD(S,J,N)=I AND ALLOW _C(S$,ZJN 1)=1 AND BIF(Z,1J) =1),
NHE NI B(SrZ,LIN)) + SUM(NS(COLD(S,J,N)=I AND ALLOW C( ,Z,J.N I)=1

AND BIF(Z,1,J) =0), NHE_N1( .Z,1JN)),

*EQ (41)
NEXCH sz % S" 1,J)=1 AND BIF(Z,1,J) =0 AND FREEH(I)
AND FREE , SZ, )=L=1;

NEXCH B( 2, ) (ALLOW(S.Z,1.3)=I AND BIF(Z,1J) =L AND FREEH(I)
AND FREEC()))'NHE(S,Z,10)=L=KMAX(Z,1,J) ;

BIF I(,Z,1,J,MN)$(D(S,ZM N)=1 AND TL(S,N) LT TU(S,M) AND HOT(S,I,M)=I
AND COLD(S,J,N)=I AND
ALLOW H( ,Z,IMJ)=1 AND ALLOW C(S,ZJ,N,1)=IAND BIF(Z,1J) =L AND FREEH(I)
AND FREEC(J)AND ORD(M) LE NINT AND ORD(N) LE NINT)..
SUM (L$(D(S,Z,L,N)=1AND ORD(L) LE ORD(M)AND HOT(S,I,L)=I
ANDALLOW _H(S,Z,I.L,J)=1),
QNEWJIVI(sTz,1.3,L)) - QNEW2 M ( ,Z,1, I M) =L=
SUM (08(D(S,Z,M,0)=1 AND ORDT0)LE ORD(N) AND COLD(S,J,0) AND ALLOW _C( ,Z,J,0,1)),
QNEW N($,2,1,J,0)) - QNEW2_N( .Z,1JN)
+BL( Z,LMIN) *4* max(SUM (C$(D(S.Z,L,N)=I A D ORD(L LE ORD(M)
AND HOT(S,I,.L)=I AND ALLOWTH(S,Z,LL J):) H(SIL
SUM (08(D(S,Z,M,0)=1 AND O D(O)LE ORD
AND COLD(S,J,0) AND ALLOW _C

(N)
(S,2,9,0,1)),DHC(S,3,0)));

QM)
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BIF_2(S_Z,1,J,M N)$(D(S,Z,M N)=1 AND TL(S,N) LT TII(S,M) AND HOT(S,I,M)=1
AND COLD(S,J,N)=I AND
ALLOW _H(S,Z,I,M )= AND ALLOW C(S,Z,J.N,I)=1AND BIF(Z]J) =1L AND FREEH(I)
AND FREEC(J)AND ORD(M) LE NINT AND ORD(N) LE NINT)..
SDM(L$(D(S,Z,L ,N)=1 AND ORD(L) LE ORD(M) AND HOT(S,I,L)=I
AND ALLOW _H(S,Z,I,L,J)=1),
QNLAVM (S, ZXJ.L))-QNEW 2M (S ,z M)=6=
SDM (01(D(S,Z,M,0)=1 AND ORD(0)LE ORD(N) AND COLD(S,J,0) AND ALLOW _C(S,Z,3,0,1)),
QNEW _N(S$,2,13,0) - QNEW2 N(S,Z, N)
B1(,Z,MIN) *4* max(SUM (L$(D( ,z, ,N) LAND ORD(L) LE ORD(M)
AND HOT(S,| L) | AND ALLOW _H( Z,I,L,)=1).DHH(S,I,L)),
SUM (08(D(S,Z,M,0)=1 AND ORD (0) LE ORD(N) AND COLD (S,J,0)
AND ALLOW C(S,2,3,0,1)).DHC(S.3.0));

BIF_3(S,Z,1J M N)$
N

( (SZ,M,N):l AND TL(S,N) LT TU(S,M) AND HOT(S,I,M)=I
AND COLD(SJ,N)=I AND ALLOW _H(S,Z,)M J)=I AND ALLOW C( ,ZJN 1)=1

)=

AND BIF(Z, ) =1 AND FREEH(I)AND FREEC(J)AND ORD(M) LE NINT)..
BI(S,Z,I,M J,N) =E=2- 0.25* SUM(LS(D(S,Z,L,N)=1 AND ORD(L) LE ORD(M)

AND HOT(S,I,L)=l AND ALLOW H(SZILJ):l)N E_MI B(S,23J,L))

+0.25 *SUM (0$(D(S,Z,M,0)=1 AND ORD(0)LE ORD(N) AND COLD(S,J,0)

AND ALLOW C( ,Z,J,0, %1 B(S.Z,13,0))

-NH Mle M NHEJNlB(,ZlJN)

*EQ (46)
BIF_4( ,Z,1LIM,N)$(D(S,Z M N)=1 AND TL(S,N) LT TL(S.M)AND TL(S,N) GE TL(S,M)
AND HOT(S,I,M)=i AND COLD(S,J,N)=] AND ALLOW _H(S,Z ].M ):
AND ALLOW C(S,ZJN,I)=LAND BIF(Z, ) =1 AND FREEH(I) AND FREEC(J) AND ORD(M) LENINT

AND ORD(N))

SDM(LS(HOT(S,I,L)=] AND ORD(L) LE ORD(M) AND

ALLOW _H(S,Z,I,L,)=I),NHE_M1_B(S,Z,1,J,L))

-SUM (0§(COLD(S,3,0) AND GRD(0)LE ORD(N) AND ALLOW C( ,Z,J,0.1)),
NHENLB( z, ,0))=6=0;

BLFJL( Z1JM)S(HOT(S,M)=I AND ALLOW H(S,Z,IM J)=1 AND BIF(Z, ) =1
AND FREEH(I)AND FFEEC(J) AND ORD(M) LENINT)..
SUM(OS(HOT(S,LO)=I AND ORD(O)LE ORD(M)AND ALLOW H(SZ,1,0,0)=1),
NHE MO0 B( z, ,0)-NHE M1 B( .z, ,0)=L=1;

BIF_12( z, N)S(COLD(S,J,N)=I AND ALLOW C(S,Z,JN,I)=I AND BIF(Z,1,J) =1
AND FREEH(I)AND FREEC(J) AND ORD(N) LENINT)..
SUM (0S(COLD(S,J,0) AND ORD(O) LE ORD(N) AND ALLOW C(S,Z,J,0,1)),
NFIE_NO B(S,Z, ,0)-NHE_NI_B( Z,1J,0)=L=1;

*EQ (49)
BIF 6( ,Z,LJM)$(HOT(S,I,M)=I AND ALLOW H(S,Z,I,M J)=I AND BIF(Z,1J) =1
AND FREEU(I) AND FREEC(J)AND ORD( JLENINT)..

QNEW2 M( ,Z1JM)=L= QNEW M(S,Z,1JM);

*EQ (50)
BIF 9( ,Z,1,JM)$(HOT(S,,M)=] AND ALLOW H(S,Z,I.M J)=I AND BIF(Z,1,J) =1
AND FREEH(I )AN FREEC(J)AND ORD(M) LE NINT)..

QNEW2 M ( ,ZLIM)=L= NHE_M0_B(S,Z,1J,M)*DHH(S 1M);

B 1?2 5(slz,1,JM)$(HOT(S,] M
AND FREEH(I)AND FREEC
QNEW2_M(S

)=IAND ALLOW H(S,Z,IM J)=]and BIF(Z,1,J) =1
(J)AND ORD(M) LE NINT)..
Z1IM) =L= NHE MI B(S,Z:1JM)*I)IIH(S,I,M);

*EQ (52) NOTNEEDED. THE VARIABLE ISDECLARED POSITIVE

BIF_8(S,Z, ,N)$(COLD(S,J,N)=I AND ALLOW C(S,ZJ,N,I)=1 AND BIF(Z.1,J) =1
AND FREEH(I) AND FREEC( )AND RD(N) LENINT)..
1LIN) =

QNEW2 N( ,ZIJN)=L= QNEW N(S,Z,1IN);



BIF_10(S,Z 1 J,N)$(COLD(S,J,N)=1 AND ALLOW C( ,Z,JN,I)=1 AND BIF(Z, ) =1
AND FREEH(I) AND FREEC(J) AND ORD(N) LETn INT)..
QNEW2 N( Z,1,JN)=L=NHE_NO _B(S,Z,1,JN)*DHC(S,J.N);

BIF_7(S,Z,1,JN)$(COLD(S,J,N)=1 AND ALLOW C( ,ZJN,)=1 AND BIF(Z, ) =1
AND FREEH(I) AND FREEC(J) AND ORD(N) LENINT)..
QNEW 2 N(S,Z1JN)-L-NHE_N1_B(S,Z,I,J,N)*DHC(S,JN);

*EQ (56) NOT NEEDED. THE VARIABLE ISDECLARED POSITIVE

*EQ (57)
FEAS M 01( z, ,M)$(HOT(S,I,M-I)AND HOT(S,IM)-
AND ALLOW H(S,Z,IM-1J) AND BIF(Z,1,J) =0 AND S
AND FREEC(j) AND ORD(M) LENINT)..

ALFA M(,Z1JM)=L=]-NHE_MO0( ,Z,1,J M-1)-NHEIVI0(S,Z,1.0 M);

)-l AND ALLOW H(S.Z,I M J)=1
PH(I)=I AND FREEH(I)

FEASMO 1.B(SZ, ,M)$(HOT(S,]M-1)AND HOT(S,IM)=l AND ALLOW H( Z1MJ)=

A M,J)=1
AND ALLOW 11(S,Z,IM-1 ) AND BIF(Z, ) =L AND FREEH(I) AND FREEC(J)AND ORD(M) LE NINT)..

ALFA M(S,Z, M)=L=1-NHE_MO0_B( Z,|JM-1)-NHE M0 _B( ,Z,1JM);

FEAS_M_02(5,Z,13,M)$(HOT(S,IM-I) AND HOT(S,I,M)=I AND ALLOW _H(S,Z,]M J)=I
AND ALLbw H(SZ M-13) AN BIF(Z,I,J) =0 AND SPH(I)=] AND FREEH(i)
AND FREEC(J) AND ORD(M) LE N INT)

ALFA M( ,Z1IM)=L=1-NHE M I( ZLIM-1)-NHE M1( Z,1]M);
FEAS_M 02 B(s% LI M)S(HOT(S.I, M -1)AND HOT(S,IM)=l and ALLOW H( *,1MJ)=1
and ALLO"  ( ,ZLM-1,J)AND BIF(Z,1J) =1 AND FREEH(I) AND FREEC(J)).

ALFaTm(S,Z.13,M)-L-1-NHE M1 B(S,Z.LIMN)-NHL_M) B(S,ZTI,M);

FEAS M 03(S,Z,1,J,M)$(HOT(S,I,M-1) AND HOT ( M)=I AND ALLOW H(S,Z,I,M J)=I
AND ALLOW H(S.Z,LM-],J) AND BIF(Z,1,J) =0 AND SPH(1)=1 AND FREEH(I)
AND FREEC(f) AND OR (M)LENINT)

ALFA M(S,Z,1JM)=G=Y _1V1(S,Z,1,J,M)-NHE_MO(S,Z 10, M-1)-NHE_MO(S,Z,1,J,1V1) -

NHE _M!(si ,LJ M-1)-NHE_M 1 A, 1J51);
FEAS M 03 B( ,Z, M)$(HOT(S,I,M-) AND HOT(S,I,M)=I AND ALLOW H(S Z,I.M J)=1
AND ALLOW H(S,Z,IM-1,J) AND BIF(Z,1.J) =1 AND FREEH(I) AND FREEC(J))
ALLA M( J1IM)-G=Y M B(S,ZLIM)-NHE MO B(S:Z.1J,M-1)-NHL MO B(S,Z,LIM)
-NHE'ml B(.Z, ,M-1)-NHEIVIIB(S,Z,1,JM):

AND ALLOW H( ,Z,IM J)=I AND

FEAS M _04( ,Z1JM =|
1, 1)AND FREEH(I):

T(SIM)
ALLOw ih(S,ZIM- =

HO
OR SPH(I)
).
z

*EQ (61)

AND AlioW H (S,
AND ORD(M)

QNEW M( .z

QNEw im (S,

S-ALFA_M(S.Z.1LIM)*DHIT

FEAS M _1(S,Z, ,M)$(HOT(S,IM-I) AND HOT(S,I,M)=I AND ALLOW H(S.Z,IM J)=1

AND ALLOW H( ,Z,IM-1]) AND SPH(I)=1 AND FREEH(I) AND FREEC(J))..

QNEWIM (S,Z71,i,M)/(CPH(S,1,M)*(TU(S,M)-TL(S,M)))

£(I-ALFA_M( ,Z,LIM))*DHH(S,1,M) [(CPH(S,I,M)* (TU(S,M) TL(S.M))
ZG=QNEW _M( ,Z,Li,M-I)/(CPH(S,I,M-I)*(TU(S,M-1)-TL(S,M-1)));:

FEAS M 3(S,Z,1LI,M)$(HOT(S,I,M-1) AND HOT(S,I,M)=l AND ALLOW H(S Z,IM J)=1
AND A1l oW H(S,Z,IM-1J)and BIF(Z,1,J) =0 AND SPH(l)=1 AND FREEH(I)
AND FREEC(J) AND ORD(M) LE NINT)..

QNEW _M(S,Z,1,J,M-1)/(CPH(S,IM- 1)*(TU(S,M-I)-TL(S,M-1)))

+ ONLwTm ($,Z,13M)/(CPLI(S.LM)*(TU(S.M)-TL(S.M)))

F(+NHE_M1( ./, M-1)+ NILL Ml( Z, M)-NHE_MO(S,Z.1,JM-1))

*DHH (s7im )/(CPH(S,I,M)*(TU(S,M)-TL(S,M)))* L.ooooT =G - 0



FEASIVL 4(Sz 1JM)$(HOT(S,IM-I) AND HOT(S,I,M)=I AND ALLOW _H(S,Z,IM J)=1
AND ALLOW 11(S,Z,1,M-]J) AND BIF(Z, ) =0 AND SPH(])=1 AND FREEH (i)

AND FREEC(J)AND ORD(M) LE NINT)..

“QNEW _M(S,Z,1,J,M)/(CPH(S,I,M)*(TU(S,M)-TL(S,M)))

+ QNEW= M (S,Z,1,J,M-1)/(CPH (S,I,M-1)*(TU(S,M-1)-TL(S,M-1)))

+(B NHEJVIO(S,Z, ,M-1)+NHem 0(S,Z, M)-NHE_M1(S,Z, ,M))

*DHH(Sj7m )I(CPH(S,I,M)*(TU(S,M)-TL(S,M)))*L00001 =G= 0;

FEAS M _3_B_2(SZ,l, )$(HOT( JM-1) AND HOT(S,IM>=1 AND ALLOW _H(S,Z,I.M J)=I

AND ALLOw7jT(S, M-U)AND BIF(Z, ) =] AND SPH(I)=1 AND FREEH(I)

AND FREEC(J) AND ORD(M)LE NINT)..
QNEWIM(S.Z, M-1)/(CPH(S,I M-1)* (TU(SM 1)-TL(
QNEWIM (s'z,y,M)/(CPF (S,M)-TL(S,M)))
+(1+NHEM1 B(S,Z LB( 2, M)}-NHE_MO B(SZ, M-1)
*DHH(S,7,M)I(CPH(

L(S.M-1)))=L=
)

FEAS M 3 B 1( .z, ,M)S(HOT(S,I,M-I)AND HOT(S,I,M)=l AND ALLOWJH( ,Z,1MJ)=1
ANDALLOwLh(S,Z,I,M 1J)ANDBIF(Z,I,J) =1 AND SPH(I)=I AND FREEH(I)
AND FREEC(J) AND ORD(M) LE NINT)..

IM-1)ICPH(S,IM-1)* (- )( M-1)-TL(S.M-1))) =L=

QNEW _M(S,Z,1,3,M)I(C
M-

QNEW2JVI(S.Z,1, (cP
PH(S,],M)*(TU(S M)-TL(S,M))+ (2 + NHEM 1B(S,Z,1.JM)
-NHE_M0_B(S,Z,1,IM-1)-Y_M B(S,Z,LIM-])
*DHFI(SjM)I(CPH(S,I.M)*(TU(S,M)-TL(S,M));
FEASM 4 B(S,Z, ,M)S(HOT(S,M-I)AND HOT(S,IM)=l AND ALLOW H(S,Z LM J)=]
AND ALLOWJI(S,Z,1,M-1,J) AND BIF(Z.1J)=1 AND SPH(I)=] AND FREEH(I)
AND FREEC(J) AND ORD(M)LE NINT)..
(QNEW _M(S,Z, ,M)-QNEW2_M( ,Z,IL3M))/(CPH(S,I,M)*(TU(S,M)-TL(S,M))=L=
c

R
)
QNEW _M(S,Z,1,0,M-1)/[(CPH (s7i M-1)*(TU(S,M-1)-TL(S,M-1)))
+(2+ NHE_MO0B(S,Z,1J,M-1)-NHE_M 1J3(5,Z, ,M)Y m7b(S,2],I.M)
*DHH(S,I,M)I(CPH(SXm )’ (TU(S,M)-T17s,M)));

FEAS M _]_SP(S,Z,1,J,M)$(HOT(S,I,M-I) AND HOT(S,I,M)=l AND HOT(S,I,M+I)

AND ALLOW _H(S.Z,IM J)=I

and ALLOw I n(s.zim-13)and ALLOW H( Z,IM+11)AND BIF(Z ) =0 AND SPH(1)=0

AND FREEH (i) AND FREEC(J) AND ORD(M) LENINT).. QNEW _M( .Z,1I,M)=G=(Y_M( ,Z,1JM)-
NHE_MO( z, .M)+NHEML( Z]JM)*DHH(S,1M);

FEAS M _1 SP_B( z7u,M)S(HOT(S,I,M-I) ANDHOT(S,I,M)=I ANDHOT(S,I,M +I)

ANDALLOw 7h (S,Z,IM,1)=1

J)

AND ALLOWIH(S,Z,I,M-I,J) AND ALLOW _H( ,Z,IM+11) AND BIF(Z, ) =1 AND SPH(I)=0
AND FREEH (i) AND FREEC(J)). QNEW _M(S,Z,1,J,M)=G=(Y_M B(S,Z, M)-
NHE M0 B( z, ,M)*NHE_MO B(S,Z, ,M))~*DHH(S,M);

*EQ (69)

FEAS N 01( z, N)$(COLD(SJN-1)AND COLD(SJN)=I AND ALLOW C(S,ZJN,I)=1

AND ALLOW C(S,ZJN-I 1) AND BIF(Z, ) =0 AND SPC(J)=1 AND FREEH(I)

AND FREEC(J)).
ALF

A_N(S,Z1JN)=L= 1-NHE_NO(S,Z,1,N)-NHE_NO( .z, ,N-I);
FEAS_N_orB(s7z,1,I,N)$(COLD(S,J,N-I)AND COLD(S,JN)=I AND ALLOW C(S,Z,JN,1)=1
AND ALLOW C(S,Z,JN 11)AND BIF(Z, ) =1 AND FREEH(I) AND FREEC(J)).

)

ALFaTn (S,Z, ~)=L=1-NHedn0 B(S.Z,IJ,N)}-NHE_NO_B( ,Z,1JN-1);

FEAS N_02(S,Z,1,J,N)$(COLD(S,J,N-I) AND COLD(S,I,N)=I AND ALLOW C(S,Z,JN,I)==1
AND ALLOW C( .ZJN-L1)AND BIF(Z, ) =0 AND SPC(I)=1 AND FREEH(I)
AND FREEC(J)).
ALFA N(S,Z, .N)=L=1-
FEAS N _027b(S°Z, N
AND ALLOwWTc(iz,JN-I I
ALFATn (5.2, N)

NHE_N1( z, N)-NHE N1( ,Z,1JN-1);

JN-I)AND COLD(S,J,N)=1AND ALLOW C( ,ZJN,I)=1

BIF(Z, ) =1 AND FREEH(I) AND FREEC(J))..
N1JB(S,Z,IIN)-NHE_N'1 B(S,Z,LI,N-1);

FEAS N _03(S,Z, ,N)$(COLD(SJ,N-I)AND COLD(S,I,N)=I AND ALLOW C(S,Z,JN,I)=!
AND ALLOWT7c(S,Z,J,N-1 1) AND BIF(Z,1,J) =0 AND SPC(J)=1 AND FREEH(I)
AND FREEC(J))..

ALFA N( ,Z,]N)=G=Y N( ,Z,1,,N)-NHE_NO( ,Z.ILJN)-NHE_NO( ,Z.LLN-I)



FEAS N 03tB(S;ZJANW COLd[s:S-1)S

allow C(S,ZJN,)=1
AND ALLOW _C(S,Z,J,N-U) AND BIF(Z, ) =1 AND FREEH(I) AND FREEC(J))..
ALFA_N(S,Z,TJN)=G=Y_N_B(S,Z,

, ,N)NHE N0 B(S,Z, N)-NFIE_NO_B(S,Z,].JN-1)
NHE_N1B(S,Z,1J,N)-NHE_N1_B(S,ZJiN-]); —

FEAS N _04(5Z, N)$ (COLD( , ,N -1) AND COLD(S,J,N)=I AND ALLOW ji(
AND AtTLoW _C(S,ZJN-11) AND (BIF(Z, ) =1 OR SPC(J)=1) AND FREEH(I)
AND FREEC(J))..

ALFA N(S,Z, ,N)=G=0;

ZJIN))=1

*EQ (73)
FEAS N _2(5,Z,1JN)$(COLD(SJ,N-1) AND COLD(S,J,N)=] AND ALLOW _C(S,Z,J.N,1)=I
AND ALLOW C( ,Z,JN

P

ZJN-1,1) AND SPC(J)=1 AND FREEH(I) AND FREEC(J))..

QNEW _N( ZTi,N)/(CPC(S.JN)*(TU(S,N)-TL(SN)))=L=QNEW N( ,Z,IJ,N-1)

/(CPC(S,J,N-1)

*(TU(SN-1)-TL(SN-1)))+(1-ALFA_N(S,Z, N))*DHC(S,J.N)I
(CPC(S,JN)*(TU(S,N)-TL(S.N));

FEAS N I( ,Z,1JN)$(COLD(S,J,N-1) ANDCOLD(S,,N)=t AND ALLOW C(S,ZJN,I)=1
AND ALLOW C( ,ZJN-LI) AND SPC(J) 1 AND FREEH(I) AND FREEC(J))..
QNEW _N(SXT.J,N)I(CPC(S,J,N)*(TU(S,N)-TL(S.N)))
+(]-ALFA_N( .Z, N))*DHC(SJ.N)
I(CPC(SINJ*(T U(S,N)TL(SN))):G:Q EW N(S Z, N-1)
(CPC(S,IN-1)%(T (SNl)T (, |)))
FEAS N _3(5.Z, )$c LD(S,J

——

AND ALLOW C(SZ,

N-I) AND COLD(S,J,N)=l AND ALLOW C($,ZIN,I)=1
AND FREEC(J)

N-I1) AND BIF(Z, ) =0 AND SPC(J)=L AND FREEH(I)

-QNEW _N(,Z1IN-1)I(CPC(S,JN-1)*(TU(SN-1)-TL(S,N-1

+QNEw In ($,Z,10,N)I(CPC(SJN)*(TU(S,N)-TL(SN))+(1+NHENL( ,Z,1JN-1)
sNHE_N1( 2z, N)

NHE NO(,Z, N-1

FEAS N _4(5,Z, ,N)$(COLD(SJN-I)AND COLD(S,J,N)=l AND ALLOW C(S Z,JN1)=1
AND ALLOW C
AND FREEC(f))..

|

(S.ZJN-L1) AND BIF(Z, ) =0 AND SPC(J)=L AND FREEH(I)
QNEW N

CN(LZ1INY(CPC(S,JN)*(TU(S,N)-TL(S.N))

4-QNEW_N(S,Z,1LIN-1)/(CPC(S,IN-1)*(TU(S.N-1)-TL(S,N-1)))

+(1+NFIE_NO( .z, N-I)

+ NHE_NO(S,Z,1,IN)-NHE_N1(S,Z,1,3,N
(S

))*DHC(S,J,N)I
(CPC(S,I,N)*(TU

N)-TL(S,N)))* 1.00001=G=0;
*EQ (77)
FEAS_N_3_B_2(S.Z

. N)$(COLD(SJN-1) AND COLD(S,J,N)=I
ANDALLOW C( ,ZJN
AND ALLOWIC(S,Z,JN-1|
AND FREEC(j))..
QNEW _N( ,Z1IN-D/(CPC(SI,N-1)*(TU(SN-
1

N)
N)-NHE_NO_B(S,Z, ,N-I))
0,

FEAS N 3B 1( .z, ,N)$(COLD(SJN-1)AND COLD(S,JN)=I
AND ALLDVT ¢ ZINI)=1

AND ALLOW~C(S,zjJ,N-11) AND BIF(Z, ) =1 AND SPC(J)=1 AND FREEH(I)
AND FREEC(J))..
)-TL(S.N-1)))

-QNEW2 N( .z, N- 1
(SN)))+(2 + NHE_NI_B(S,Z J.LN)

+QNEWJ4(S,Z,
-NHE_N0_B(S,Z,1,J
*

FEAS N 4 B(S,Z, N)$(COLD(SJN-I) AND COLD(S,J,N)=I AND ALLOW C(S,Z,JN,1)=1
ANDALLOW C(S,Z,J,N-1,1)AND BIF(Z,LJ) =1 AND SPC(J)=1 AND FREEH(1)
AND FREEC(J))..

102
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fRRHRIM AN

HO+ Nel N0 B(S.Z. WN-I)SNHE ML B( 2, N)-YN Bz, N)
*DHC(SJ,N)/(CPC(S 7 )*(TU(S.N)-TL(SN)))=G=0;

*EQ (80)

FEASNI_SP(S.Z, ,N)$(COLD(S,J,N-1) AND COLD(S,J,N)=I AND COLD(S,J,N+)AND

ALLO"w7¢ (S,Z,J.N,)=! AND ALLOW _C(S,ZI,N-Il)and ALLOW C(S,Z,J N+U)

AND BIF(Z, ) =0

AND SPC(J)=0 AND FREEH(I) AND FREEC(J)).. QNEW N( Z, ,N)=G=
(Y_N(,Z]IN)-NHE_NO(si,lJN)-NHE_NI( ~,1JN)J*DHC(SJN);

AND COLD(S,J,N+I)

FEAS_N_I_SP_B(S,Z,]J,N)$(COLD(S,J,N-I) AND COLD(S,J N)=I
) AND ALLOW _C(S,Z,J,N+11)

AND Al Low e (,zJN,)-]AND ALLOW C(S,Z J,N-1,I

AND SPC(J)70 AND FREEH(I) AND FREEC(J)).. QNEW N(S,Z, ,N)=G=
(Y_NB(S,Z,IJN)-NHENO B(S,Z1,J,N)-NHFN 1 B(s7z, ,N))*DHC(S,JN);
*EQ (81)
FEAS BEG sp( . M.N)$(TL(S,N) LE TU(S,M) AND TU(S,N) GE TL(S,M)
AND HOT(S,)M)= ]AND COLD(S, N)=1 AND ALLOW H( ,Z1MJ)=1
AND ALLOW C(S.Z,JN 1)z AND BIF(Z, ) =0
D

J )
AND SPH(1)=0 AND SPC(J>=0 AND FREEH(I) AND FREEC(J) AND ORD(M) LE NINT)..
TL(SM)-TL(SN) - QNEW N(S,Z, N)I(FC(S,J)*CPC(S,J.N))
+ QNEWIVI(S,Z, M)/(FH(S,)*CPH(S,IM))

+ (-NHE* m 0(S,Z,],J,M)-NHE_NO(S,Z,1J,N))*TU(S,N)=G =0;

LE TU(S,M) AND TU(S,N) GE TL(S,M)
and ALLOW CH(,ZIM =1

13
H
F

FEASIBEGJIB SP( ,z, M ,N)$(TL(SN
ANDHOT(S,im )= 1ANI) OLD(S,JN
AND ALLOW _C(S,ZJ.N,l)=] AND BIF
AND SPH(1)=0 AND SPC(J)=0 AND FR
TL(SM)-TL(SN)-QNEW N( ,Z.1,

E I)AND FREEC(J) AND ORD(M) LE NINT)..
I(

)

)|
(Z
EEH( (
JI(FC(S,3)*CPC(S.J,N))
1

(

IN
+ QNEw 7m (8,2,1,J,M)/[(FH(S,1)*CPH(S,1,M))
+ (2-NHel_M0_B(S,Z,1,JM)-NHEANOTb (,Z,1,JN))*TD(S,N)=G=0;
FEAS_END_SP(S,Z, ,MN)$(TL(S,N) LE TU(S,M)AND TU(S,N) GE TL(S.M)
AND HOT(",IM)=1AND COLD(S,JN)=l AND ALLOW H( Z1MJ)=1
AND ALLOW _C(S,Z,JN,I)=I AND BIF(Z, ) =0
AND SPH(I)=0 AND SPC(J)=0 AND FREEH(I) AND FREEC(J)
AND ORD(M) LENINT).. TU(S,M)-TU(SN
QNEW _M(Sz, M)I(FH(S,)*CPH(S,I,M)) +QNEW N( ,z, N)IFC(SJ)*CPC(S,JN))
Teo4(2- NHE_MI(S,z, ,M)NHE NT( ,Z 7 N)*TU(SN)=6=0;

FEAS_END B _SP(S.Z, M,N)$(TL(S,N) 1e TU(S,M)AND TU(S N) GE TL(S.M)
ANDHOT(S,IIM)=I ANDCOLD(SJN)=| and ALLOW CH(\ZIM )L
AND ALLOW C(S,ZJN,1)=1AND BIF(Z, ) =
AND SPH(I)= (TANDSPC(J) 0AND FREEH(I)AND FREEC(J)). TU(S.M)-TU(SN)
QNEW _M(",ZLI,M)I(FH(S, I)*CPfI( ,I,M))+ ONLW _N( ,Z.LIN)(FC(SJ)*CPC(S,IN))

+(2-NHeTm 1 B(S,Z, M)-NHE_N1 B( ,Z1JN)*TLI(S,N)=G=0;
*EQ (83)
FEAS_BEG3(S, z M N)$(DTVI0(1,J)=1 AND D(S,Z,M N)=1 AND TL(S,N) LT TU(S,M)
AND TIJ(SN) G (S,M)

AND HOT( ]M):] ND HOT(S,I,M+I) AND COLD(S,J,N)=l AND COLD(S,JN+I)
AND ALLOW _H(S.Z,IM J)=I

AND ALLOw7h (Sz7M+1J)and altow C(S,Z.J, ,) Land ALLOW _C(S ZJN+1,1)
AND BIF(Z, ) =0 AND (SPH(I)=1 OR SPC(7)=1) AND FREEH(I) AND FREEC(J)
AND ORD(M)LENINT)'

NHENL(,z, N)=L=(2-NHEAMO(S,Z, ,M)-NHEIMO(SZ, N)):

FEAS BEG(S,Z,].J.MN)S(DTVIO(1,J)=T AND D(S,ZM N)=1 AND D(S,Z,M .N)=I
AND TL(SN) LT TU(S,

AND ' ( N)GTTL(S,
AND COLD(S,JN+I) A
AND ALLOW C(S.Z,JN,I)
AND (SPH(1)=T oil SPC( )

M
M
ND A
-
=1
QNEW N(S,Z, N)/(TU(S.M
P
M)-

AND HOT(S,I,M)=l AND HOT(S,IM+I) AND COLD(S,J,N)=I
LLOW H(S,Z,LMJ)=1 AND ALLOW H(S,Zl M+17)

AND ALLOW _C(S,Z,J,N+L1) AND BIF(Z, ) =

and FREEH(I) AND FREEC(J) AND ORD(M) LE NINT)..

TL(SN)) L=QNEW N(S,Z,1,j,N+1)

(S,IN)ICPC(S,IN+17

HeTn0(S,Z, N))*DHC(S,LN)/(TO(S,M)-TL(SN));

)
D

)

)-
I(rus, N+1)TL(SN+1))* c
+(2-NHE_MO( Z N



FEAS_BEG2(S2:, M,N)$(DTVIO(I J)=I AND D(S, N)=1
ANDTU(SN)GTTL(S,M)ANDHOT(S,I,M)=1 ANDHOT(S,
AND COLD(S,J N+1)

AND ALLOW 11(S,Z,I,M,J)=LAND ALLOW H(S,Z,IM+1J) AND ALLOW C( ,ZJN,I)=1
AND ALLOW~C( ,Z,JN+1,1) AND BIF(Z,10) =0 AND(SPH(])=1 ORSPC(3)=I)

AND FREEH(ij AND FREEC(J)AND ORD(M) LENINT)..

QNEWJVi(S,Z, M)I(MIN(TU(S,M),TU(SN))-TL(S,M))=6=

QNEW _M( .Z,LIM+1)/(TU(SM+1)-TL(S,M+1))
*CPH(STi,M)ICPII(S,I,M+1)-(2-NHE_M0(S,Z,1.J,M)-NHE_NO(S,Z,1,J.N))
*DHH(S,1,M+1)/(TU(S,M+1)-TL(S,M +1));

AND TL(SN) LT TU(S.M)
IM+1) ANDCOLD(S,JN)=I

FEAS_END3(S,Z, ,MN)$(DTVI0(1,J)=1 AND D(S,Z,M N)=1 AND TL(S,N) LT TU(S,M)
AND TU(SN) GT TL(S.M)

AND HOT(S,I,M)=l AND HOT(S,],M-I) AND COLD(S,J,N)=I AND COLD(S,J,N-I)
AND ALLOWJI(S,Z,IM J)=I

AND ALLOW JH(S

ZIM-LJ)AND ALLOW C( ,ZJN,)=L AND ALLOW C( ,Z,JN-L)
AND BIF(Z,1,J) =0 AND (SPH(I)=1 OR SPC(J)=1) AND FREEH(I) AND FREEC(J)
AND ORD(M) LE NFNT)..

NHE_MO(S,Z,]JM)=L=(2-NHE_M I( ,Z,1JM)-NHE_NI( ,Z]JIN));

FEAS_END(S,Z,1,J,M N)$(DTVIO(I,J)= AND D(S,Z,M N)=1 AND TL(S,N) LT TU(S,M)
AND=TU(S,N) GT TL(S,M) AND HOT(S,I,M)=1 AND HOT(S,I,M-I) AND COLD(SJN) |
AND COLD(S,JN-I) AND ALLOW 11(S,Z,LM J)=- I AND ALLOW H(SZI IJ)

AND ALLOW _C( ,Z,JN,I)=1 AND ALLOW C( ,ZJN-1,1) AND B)F(Z,1J) =0
AND (SPH (1)1 OR SPC(J)=1) AND FREEH(I) AND FREEC(J)AND 0 D( )L NIN )

QNEWM (S.Z,1,J,M)I(TU(SM)-TL(SN))=L=QNEW M (S,Z,1,d,M-1)/(TU(S,M-1)-TL(S,M-I))
*CPH(S,I,M)ICPH(S,IM-1)+(2-NHE_M 1( Z,J.J,M)-NHE_N1( 7,1,IN))

*DHH (S, M)(TU(S,M)-TL(SN));

FEAS_ENDZ(S,Z,I,J M N)$S(DTVIO(1,J)=I AND D(S,Z,M N)=I AND TL(S N) LT TU(S M)
AND TU(SN)GT TL(S,M) AND HOT(S,IM)=I AND HOT(S,I,M-1) AND COLD(S,JN)=I
AND COLD(S,J,N-1) AND ALLOW _H( ,Z,| M J)=LAND ALLOW_H(S,Z I M-1.])

AND ALLOW C( ,ZJN,l)=1 AND ALLOW _C(S,Z,JN-I 1) AND BiF(z, ) =0 _

AND (SPH(I) T OR SPC(J)=1) AND FREEH(T) AND FREEC(J) AND ORD(M) LE NINT)..
QNEW N(S,Z,1JN)/(TU(S,N)-MAX(TL(S,M),TL(S,N)))=G=QNEW N( ,Z,1.IN-1)/

*CPC(S,i,N)ICPC

(SJN-1)-(2-NHE_M1I( ~,1,JM)-NHE _N1(S,Z,1,J.N))
*DHC(S,i,N-])/(TU(

SN-)-TL(S,N~1));

FEAS BEG4 B( .z, M N)$(DTVIO(I,J)=I AND D(S,ZM N)=1 AND TL(S,N) LT TU(S,M)
AND TU(SN) 6T TL(S.M

AND HOT(S,I,M)=I AND HOT(S,I,M+I) AND COLD(SJN)=l AND COLD(SJ,N+I)

AND ALLOW 'I(S,ZI, J)-l

AND ALLOWJI(S ,z, +1 J)AND ALLOW _C( ,Z,JN,I)=1 AND ALLOW C(S.Z J,N+11)

AND BIF(Z, ) =1 AND (SPH@=1 OR SPC(J)=1) AND FREEH(I) AND FREEC(J)AND ORD(M) LENINT)..

0+YJ4J8(S.Z, N)}-NHE_MO_B( ,Z,1JM)-NHE_NO_B( .Z .N));*

FEAS_BEG2_B(S,Z,LJ,M N)$(DTVIO(I,J)=I AND D(S,ZM ,N)=1 AND TL(SN) LT TU(S,M)
AND TU(SN)GTTL(SM)AND HOT(S,I,M)=1 AND HOT(S,LM+I) AND COLD(S,J,N)=I
AND COLD(S,J,N+) AND ALLOW _H( ,Z.IM,3)=L AND ALLOW H(S,.Z,I,M +1,J)

AND ALLOW _C( ,ZJN,I)=1 AND ALLOW_C( ZJN+11) AND BIF(Z, ) =1

AND (SPH (I)-T OR SPC(J)=1) AND FREEH(I) AND FREEC(J) AND ORD(M) LE NINT).,
QNEW_N(,Z,]J,N)/(TU( TL(SN))=L=

QNEWIN(S,Z,1iN+1)
cpc(s7]n)/cpc(s,|,n
(L+Y_N_B( .z, ,N)-N
*DHC(SIN)/(TU(SM)-

I(T l]J(S),N+1)-TL(S,N+1))

+ )+

HE MO0 B( .z, ,M)-NHE_NO B(S.Z, N))
TL(SN));

FEAS BEGlB( .
AND TU(S,N) GT TL(S
AND COLD(S,JN+I) A
AND ALLOW _C(S,Z,l
AND (SPH(I)=1 OR SP

,z M N)S(DTVIO(I,J)=1 AND D(S,Z,M N)=1 AND TL(S,N) LT TU(S M)
$,J

M) AND HOT(S,]M)=l AND HOT(S,I,M+I) AND COLD(S,J,N)=I
ND ALLOW _H(sjz,I,M J)=I AND ALLOw 7h (S,Z,1,M+1J)
N.I)=I AND ALLOW C(S,ZJ,N+1,1) AND BIF(Z

C(JH) AND FREEH{1) AND FREEC(J) AND ORD(M) LE NINT)..
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QNEW2_N(S.Z,LIN)(TU(S,M)-TL(SN))=L=QNEW N(S,Z,1J,N+1)/

(TU( NF)-TL(S,N+D)

*CPC(S,J,N)/CPC(SJN+I) (2-NHE_MO_B(S,Z,1,J,JVI)-NHE_NO _B(S,Z,I..I.N))
*DHC(S,J,N)/(TU(S,M)-TL(S,N)):

FEASJ3EG3 B(S Z IJM,N)$(DTVIO(1,J)=l AND D(S,Z,M N)=1 AND TL(SN) LT
ANDTU(S,N) GTTL(S,M)and HOT(S,I,M)=1 AND HOT(S,]M+1) AND COLD(
AND COLD(S,J,N+I) AND ALLOW H(S,Z,I,M J)=I AND ALLOW _H(S,Z,I,M+1,J
AND ALLOW C(S,ZJN.])=1 AND ALLOW C(S,ZJN+i1)AND BIF(Z,1,J) =)
AND (SPH(])=1 OR SPC( )=1 )AND FREEH(T) AND FREEC(J) AND ORD(M) LE NINT)..
QNEW _M(5,Z,1IM)(MIN(TU(S,M),TU(SN))-TL(S,M))=G-QNEW _M( ,Z,]JM+1)/

TU(S M)
$JN)=I
)

*CPH(SJ,M)ICPH(S,I,M+1)- (2 NHE MO0 _B(S,Z, ,]VI)-NHE NO_B(S,.Z,1JN))
*DHH(S, 1M +1)/(TU(S,M+1)-TL(S,M+1));

*EQ (93)

FEAS_END3_B( .Z, ,M,N)$(DTVIO(I,J)=I AND D(S,Z,M ,N)=1 AND TL(S,N) LT TU(S,M)
AND TU(S,N) GT TL(S,M)

AND HOT(S,,M)=1 AND HOT(S,I,M-I) AND COLD(S,J,N)=I AND COLD(S,J,N-I)

AND ALLOW _H(S,Z,LM J)=]

AND ALLOW H(S'zI M-1,J)AND ALLOW _C( ,ZJ,N,I) AND ALLOW _C(S,Z,JN-1])
AND BIF(Z,1J) =1 AND (SPHfIH OR SPC(J)=1) AND FREEH(I) AND FREEC(J)

AND ORD(M) LE NINT).

£Y_M B(sjz,EJM)-NHE_M 1 B(S,Z, ,M)-NHLN L B(S.Z,1,IN));

*EQ (94)

FEAS_END_B(S,Z,1, .M N)$(DTV10(1,J)=1 AND D(S,Z,M ,N)=] AND TL(S.N) LTTU(S,M)

AND TU(sTn ) GT TL(S,M) ANDHOT(S,IM)=] and HOT(S,],M-I) AND COLD(S,J,N)=I

AND COLD(S,J,N-l) AND ALLOW _H(S,Z,I,M J)=I AND ALLOW H(SZIM U)

AND ALLOW C( ,Z,JN,1)=1 AND ALLOW C( ,Z JN-1,1) AND BIF(Z,]J) =

AND (SPH(1)=1 OR SPC(J)=1) AND FREEH(1) AND FREEC(J)AND ORD(M) LE NINT)..
(QNEW _M( ,Z,LIM)-QNEW2 M(S,Z,1,0,M))/(TU(S,M)-TL(S.N))=L=
ONBW M (S,2J3.M-I)/

(TU(S,M-1)-TL(S,M-1))*CPH(S,I,M)ICPH (S, M-1)+
(2-NHE_M1 B(S,Z,1LJM)-NHeTn 1 B( ,Z,1J,N))*DHH (S, M)I(TU(S,M)-TL(S.N));
*EQ (95)

FEAS END2_B( ,Z,1,JMN)S(DTVIO(I,3)=] AND D(S,Z M N)=I AND TL(SN) LT It (S.M)

AND=TU(S,N) GT TL(S M) AND HOT(S,[;M)=I AND HOT(S,I,M-I) AND COLD(S,J,N)=I

AND COLD(S,JN-) AND ALLOW H(S,Z,I,M,3)=1 AND ALLOW H(S,Z,I,M-1J)

AND ALLOW C(S,ZJ,N,)=1 AND ALLOW _C( ,Z,JN-1,)) AND BIF(Z,1,J) =1 _

AND (SPH(I)=10R SPC(J)= l)AND FREE (T)AND FREEC(J)AND ORD(M) LE NINT)..
(QNEW _N( ,Z,1.JN)-QNEW2_N( ,Z,1,JN))/(TU(S,N)-MAX(TL(S,M),TL(SN)))=6=
QNEW N( ,Z,[JN-1)/(TU(S,n “i)-TL(S.N-1))*CPC(S,IN)ICPC (S,J.N-1)

-(2-NHEM 1IB($,Z,1JM)-NHE_N1_B( " IJ,N)}DHC (S JN-1)

(N-D-TL(S\N-1);

*EQ (96)
PAREQ(S,Z,1,I)$(ALLOW (S,Z,1,3)=1 AND FREEH(I) AND FREEC(J))..
PAR(ZJ,J)=E=SUM ((M N)$(D(si;,M N)=I AND TL(S,N) LT TU(S,M) AND HOT(S,I,M)=I
AND COLD(S,JN)-1
AND ALLOw 1h (S,ZIM J)=l and ALLOW C( ,Z,JN, ):1),

Q (i, M I N)*(JIH_ |( LM)+IH IS IN)ILMTD(S M N));

*EQ (97
B?F(_IS)_Z(S,K,Z,I,LM)$(ORD(K) LT KMAX(Z,1,J) AND HOT(S,I,M)=I
AND ALLOW _H(S,Z,LM J)=1
AND BIF(Z,1,J) =1 AND FREEH(I)AND FREEC(J) AND ORD(M) LE NINT)
PAR [i(K.,Z,1,J)=L= SUM((I..N)$(D(SJZ,L N)=1 AND ORD(L) LE ORD(M)
AND TL(SN) LT TU( ,L)
AND HOT(S,I,.L)=I AND COLD(S,J,N)=I AND ALLOW  ( .[I,L,])=1
AND ALLOW C(S,Z,J.N,)=T),
(Q(S,Z,L,L IN~Q2(3,2T L] MTD(S,L.N))

LLIN)*(HI(S, L)+ 1HI(S,IN))/L
+AMAA*(2-NHE_M1_B( *:1JM)-X1_B( ,Z1IM)-
SUM(KK$(ORD(KK) GT 1AND ORD(KK) LT ORD(K))X_B( ,KK.Z,I,J,M));
+ Comment: In the paper X1 B does notshow. Only one variable, X B is used
* to make summations from 1to kmax-1. Here we use X1 B and then a
) summation from 2 to kmax-l. See equation (100) aswell.



BIFJ 3 ( ,K,Z,lJ,M)$(0RD(K)LT KMAX(Z,1,J) AND HOT(S,IM)=1

AND ALLOW |-|( Z,LMJ)-1

AND BIF(Z,1.J) =1 AND FREEH(I) AND FREEC(J) AND ORD(M) LENINT)

PAR B(K, Z,I,J): :SUM((L, )$(D(S,Z,L,N)=1 AND ORD(L) LE ORD(M)

ANDTL(SN) LT TU(S.L)

AND HOT(S,I,L)=I AND COLD(S,J,N)=I AND ALLOWJH( ,Z,I.LJ)

AND ALLOW C(5,Z,IN.)-)),

(Q(S.Z.1,L )N)-Q2(si,l,L,J,N))*(IH _I(S,L,L)+I/H_J(S,JN))ILMTD(S,L.N))

AMAX*(2-NHE_M1_B(S,Z,1,J,M)-X1_B(S,Z,1,.1,M)-

SUM(KKS$(ORD(KK) GT 1AND ORD(KK) LT ORD(K))X_B(S,KK.Z,1.I,M)));

BJF 14(S,K,Z).J)$(ORD(K) EQ KMAX(Z,1,J) AND ALLOW(S,Z,1J)=I AND FREEH(I)
AND FREEC(J) AND BIF(Z.LJ) =1)..
PAR_B(K,Z,10)=G=PAR(Z,I,J)-SUM(KK$(ORD(KK) LT ORD(K))PAR B(KK,Z,1J);

*EQ (100)
BIFJ5(S,Z,1,J,M)$(HOT(S],M)=1 AND ALLOW _H(S,Z,I,M,J)=I AND BIF(Z]J) =1

AND FREEH(I) AND FREEC(J) AND ORD(M) LE NINT).
X1_B( ,Z1,JM)+SUM(K$(ORD(K)GT 1AND ORD(K)LE KMAX(Z,1J) ),
ORD(K)*X B(S,K,ZJ,LM))-F-SUM(L$(HOT(S,I,L)=I AND ORD(L)LE ORD(M)AND
ALLOW _h7s,ZLLJ)=1)NHE_MO_B( ,ZLJ,L))*1-Y_M _B(S,Z1IM) ;

*Comment: In the paper X1 PidoesTnotihow. Only one variable, X_B is used

* to make summations from 1to kmax-1. Here we use X1_B and then a

* summation from 2 to kmax-1.

BIF? 17(s!z,1,J,M)S(HOT(S,I,M)=I AND ALLOW H(S,Z,IM )=l and BIF(Z, ) =1

AND FREEH® AND FREEC(J)AND ORD(M) LE NINT)..

SUM (N$(D(S,Z,MN)=1 AND TL(S,N) LT TU(S,M) AND HOT(S,I,M)=1 AND COLD(S,J,N)=I
AND ALLOW H(S,Z,IMJ)=1 AND ALLOW C( ,Z,JN,)=1),Q2(S,Z,IM I N))=E=

QNEW2 M( ,Z1JM);

B1F18(5.Z,J,J.M N)$(D(S,Z,M ,N)=1 AND TL(SN)LT U(S,M) AND HOT(S IM)=1
AND COLD(SJN)=I AND ALLOW _H( ,Z ]MJ)=1 AND ALLOW C(S,Z IN.I)=
AND BIF(Z, ) =1 AND FREEH(I) AND FREEC(J) AND ORD(M) LE NINT)..

Q2(5,Z,] M IN)=L=Q(S,Z,1,M JN);

1

*EQ (103
SHEI_(L(Z),],J)$(SUM[S.ALLOW(S,Z,I,J)]>: LAND FREEH(I) AND FREEC(J)

PAR(Z,1,J)-L=ASHELLMAX*USHELL(Z, );

*EQ (104)
SHELL B(K,Z,1J)$(SUM[ ALLOW(S,Z, )]>= 1AND FREEH(I) AND FREEC())

FAR B(I,ZJJ )=L=ASHELLMAX*USHELL_B( KZI

*EQ (105)

TOTALCOST.. TCOST=E= SUM(1$(HU(I) AND FREEHO),CHU(])*FHU(I)*DTHU®)
+ SDM(J$(CU(J) AND FREEC(J)),CCU(J)*FCU(I)*DTCU(I))
Sontext
+ SUM((Z,]J)$(OPT=0 AND SUMI[S,ALLOW S,Z,1,3)]>= 1AND FREEH(I)
AND FREEC(J)AND BIF(Z,13)=0), CF*USHELL(Z, ))

+ SDM((K,Z,1,J)$(OPT=0 AND SUM[S,ALLOW (S,Z,1,J)]>= 1 AND FREEH(I)AND FREEC(J)
AND BIF(Z,1J)=1), CF*USHELL B(K.Z, ))

+SUM((Z, )$(OPT=0 AND SUMTS,ALLOW (S,Z,1.3)]>= 1AND FREEH(I) AND FREEC(J)),
CAE*PAR(Z, ))

Tofftext

*$ontext
+SUM((5,Z, )$(OPT=1 AND ALLOW (S,Z,1,J)=I AND FREEH® AND FREEC(J))
CF*(NH (slz, J+NHE_ (Z, )$(NHEO(S,Z13)=1)-NHE0(S,.Z, )))___
+SUM((S,Z 1,3)$(0PT=1 AND ALLOW (5,Z,1,3)=1 AND FREEH® AND FREEC(J)
AND B1F(Z 1]) 0).CAE*DPAR_E(Z,1J)+CAN*PAR N(S,Z.1,J))
+SDM((S,K,Z,1,J)$(OPT=1 AND-ORD(K) LE KMAX(Z,],J) AND ALLOW (S$,Z,13)=I
AND FREEH® AND FREEC(J) AND BIF(Z,1,J)=1)
CAE*DPAR_E B(K,Z,I,J)*CAN*PAR N B(K,Z,U))



"Tofftext
fontext
+SUM((S,Z,1,J)$(OPT=2 AND ALLOW(S,Z,1,J)=1 AND FREEH(I) AND FREEC(J)
AND B1F(z, )=0)
,(CF’(NHE(SZ )-(NHEO(S,Z,LJ)*(SUM(KT(ORD(K) LE KET),
iVi(Z, K))))+(CAE*DPAR_E(Z, ))+CAN*PAR_N( .z, ))
+SUM((S,Z, )$(OPT=2 AND ALLOW(S,Z,1,3)=I AND FREEH(I)AND FREEC(J)

(CF*(NH¢c(S,Z, )- M((KK,K)$(OPT=2 AND ORD(K) LE KET AND
ORD(K)LE KMAX(Z, )),DELTA(KK K))))

"may be wronge equation (by warapon)
+SL)M(K$(OPT=1 AND ORD(K) LENHEO(S,Z, )),(CAE*DPAR_E_B(K,Z,1,3))
+(CAN*PAR_N_B(K,Z, ))));

'TOTALCOST. TCOST=E= SUM(I$(HU(1) AND FREEH (1) CHU(I*FHU(I*DTHU(1)
+ SUM(JS(CU(J) AND FREEC(J)).CCU(J)*FCUQI)*DTCU(J))

* +SUM((Z, )T(SUM[ ALLOW(SZ, )]>- 1AND FREEH(I) AND FREEC(J)

*  AND BIF=0), CF*USHELL(Z, ))

* 4 SUM((K,Z, ) ( M[ ALLOW(S,Z,1,J)]>= LAND FREEH(I) AND FREEC(J)

* AND BIF=1) CF*USHELL B(K,Z, )

. )

|

+ SUM((Z,LJ)$(SUM[S,ALLOW (S,Z,1f
CA*PAR(Z, ))
OFFTEXT

>= 1AND FREEH() AND FREEC(J)),

"Depending on the option selected by the user diferent sums come into action.
* Here we have an equation that is made simpler than in the paper. We account
* for the total area ofthe exchangers (use PAR and not PAR B).

' The result is the same.

"EQ (106) CONSISTENCY: Number ofexchangers smaller than the number of shells
* Needed because the exchangers are related to the values of K.

KMAX 1( ,Z,1,0)$(ALLOW ($,Z,13)= 1 AND FREEH(I) AND FREEC(J) AND BIF(Z, ) =0).
NHE(S,ZEJ)-L - USHELL(Z, ) ;

KMAX2(S,Z,]J)$(ALLOW (5,2 1,0)=I AND FREEH(I) AND FREEC(J) AND BIF(Z, ) =1).
NT +(. J, )-L-SUM(KUSHELL B(K.Z 1,3));

"EXTRA EQUATIONS NOT IN PAPER BUT NEEDED

*EQ (108) LIMIT THENUMBER OF EXCHANGERS
TOTNEXCH MAX(S).. SUM((Z,1.J)$(ALLOW (S,Z,1,J)= 1AND FREEH(I) AND FREEC(J)),
NHE(S,Z, ))=L=TOTNEXCHMAX;

"EQ (109) MINIMUM NUMBER OF EXCHANGERS
TOTNEXCH MIN( ). SUM((Z, ) (ALLOW(S,Z,lJ)=I AND FREEH(I) AND FREEC(J)),
NHE(S,Z,10)=6=TOTNEXCHMIN;

“Tontext
KKKk Kk kK

*

kkkkkkkkkkkhkkkkkx **£quar|0n for RetXOflt* khkkkkkkkhkhkkkkhkkkhkhhhkkkhhhkk khkkkkxk

"EQ(110)
AREA RESTL( ,Z,I,)$(OPT=I AND ALLOW (S,Z,1.J)=1 AND FREEH(I) AND FREEC(J)

PAR(Z,1,)=L=AEX(Z,1J)+DPAR_E(Z,1.J)+PAR N(S.Z,10);

AREA REST2(S,Z, ) (OPT=I AND ALLOW(S,Z, )=1 AND FREEH(I) AND FREEC(J)
AND BIF(Z, )=0)..
DPAR E(Z,10)=L-AEX_U(Z1,))-AEX(Z, );

*EQ(112)
AREA REST3(S,Z,1J)$(OPT=I AND ALLOW (S,Z,1J)=I AND FREEH() AND FREEC(J)
AND BIF(Z, )=0).
PAR N(S,Z,1.0)=L-A_NEW _MAX(Z, )*(NHE(S,Z,1,J)+NHE_S(S,Z,1J)$(NHEO(S,Z,1,3)=])-NHEO(S,Z,13))



* 1

t ADD EQ.(KITISAK'EQ)

*EQ(Retrofil 4)

AREA REST4(S,Z,LJ)$(OPT=I AND ALLOW (S,Z,13)=1 AND FREEH(I) AND FREEC(J)
AND BIF(Z 1,3)=0).

(NHE(S,Z, )+NHE_S(S,Z,1])$(NHEO(S,Z,LJ)=1))= =TOTNEXCHMAX ;

t EQ(Retrofit 5)

AREARESTS5( ,Z, )$(OPT=1AND ALLOW(S,Z, )=1 AND FREEH(I)AND FREEC(J)
AND BIF(Z, )=0 AND NHEO0(S,Z, )= 0).

PARN( ., )= =A_NEW_MAX(Z, )* (NHE(SZ, )+NHE_S(,Z, )$(NHEO(S,Z,],J)=1));

t EQ(Retrofit 7)
AREA REST7( ,Z,J)$(OPT-I AND ALLOW(S,Z, )=1 AND FREEH(I)AND FREEC(J)
AND BIF(Z, )=0 AND NHE0(S,Z,1,J)=0)..

(NHE(S.Z,1LJ)+NHE_ (s'z,1,1)$(NHEO(S,Z,1,J)=1)) =L= TOTNEXCHMAX

AREA RESTI _B(S,K,Z.13)$(OPT=1 AND ORD(K) LE KMAX(ZJ.J) AND ALLOW (S,Z,1,J)=I
AND FREEH(I) AND FREEC(J) AND BIF(Z,1,J)=1).
PAR_B(K,Z,1,J)=L=SUM(KK$(ORD(KK) LENHEO(S,Z, )),AEX B(KKZ,1J)
*DELTA(KK,K))+DPARJAB(K.Z, )+PARJ'LB(K,Z, );

*EQ(114)
AREA REST2_B(S,K,Z,1,J)$(OPT=1AND ORD(K) LE KMAX(Z.LJ) AND ALLOW ($,Z,1,J)zI
AND ITLEEH() AND FREEC(J) AND BIF(ZT J)=1).
DPAR_E B(K,Z,1J)=L= UM(KKS$(ORD(KK) LENHEO(S,Z, )),(AEX U B(KK.,Z, )
-AEX B(KK,Z, ))*DELTA(KK K));

AREA REST3_B(S,K,Z,1.J)$(OPT=I AND ORD(K) LE KMAX(Z ].J) AND ALLOW (S,Z,1,J)=I
AND FREEH(I) AND FREEC(J)AND BIF(Z, )=1)..
PAR_N_B(K,Z,10>=L=A_ NEW_MAX(Z, )*(- M(KKS(ORD(KKJLENHEO(S,Z, )),DELTA(KK K)));

AREA_REST4_B(S,K,Z,L3)$(OPT=T AND ORD(K) LE KMAX(
AND FREEH(I) AND FREEC(J) AND BIF(Z 1,J)=1
SUM(KKS$(ORD(KK) LENHEO(S,Z, )),DELTA(KK K))=L=1;

ZJJ) AND ALLOW (5.Z,1,J)=I
).

AREA_REST5_B(S,K-Z,1])$(OPT=1AND ORD(K) LE NHEO(S Z
AND FREEH(I) AND FREEC(J) AND BIF(Z, )
SUM(KK$(ORD(KK) LE KMAX(Z, )),DELTA(K,KK))=L=

1J)AND ALLOW ($,Z,1,J)=I
=1)..
1;
*EQ("] 18)
AREA REST6_B(S.Z, )$(OPT=I AND ALLOW (S,Z,1,J)=1 AND FREEH()
AND FREEC(J) AND BIF(Z,1,3)=1).
SUM((K KK)$(ORD(K) LE KMAX(Z, ) AND ORD(KK) LENHEO(S,Z, )),DELTA(KK K))
-E - NHEO(S,Z,1,3);

SONTEXT

*EQ(] 19)

ADDREST

SUM((S,Z, )$(OPT=I AND ALLOW(S,Z, )=1

AND FREEH(I) AND FREEC(J))NHE(S,Z, )
-NHEO(S.Z,13))=L-2:

i EQ020

ADD_R%ESTZ( )$(OPT=1 AND FREEH(I) AND FREEC(J))
SUM( !(ALLOW (5,Z,10)=1),NHE(S.Z, )-NHEO(S,Z,]J))2G=0:

SOFFTEXT

¢ EQ(Retrofit 14)
LIM_HEX(S,M)..
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M((Z, )$(OPT=I AND HOT(S,I.M)=I AND
ALLOW H(S,Z/IM,3)=1),(NFLE(S,Z 1 J)+NFLE_S(S,Z,1,))$(NHEO(S 2 1.3)=1))-NHEO(S,Z LJ))
=L= MAX_NEW_HEX :
*$offtext
Sontext

Z************************E;qUa,JOllfOr Re,lo,l Re|01.3,JO].].********»*************

*EQ(Retrofit 16)
RELOCATE)( ,Z,1,1)$(0PT=2 AND ALLOW(S,Z,1,J)=1 AND FREEH(I) AND FREEC(J)

PAR(Z]J)-L=AEX(Z, )+DPAR E(Z, )+PAR N(S,Z, );

*EQ (Retrofit 17)
RELOCATE 2(S,Z,1J)$(0PT=2 AND ALLOW(S,Z,1.J)=I AND FREEH(I) AND FREEC(J)
AND BIF-0)..
AEX(Z.1J)=E= SUM(K$(ORD(K) LE KET),(AEX_R(K)*Phi(Z, ,K)));

*EQ(Retrofit 18)
RELOCATE_3(S,Z2,1J)$(OPT=2 AND ALLOW (S,Z,1,J)=I AND FREEH(l) AND FREEC(J)

DPAR E(Z, ) =L=SUM(KS(ORD(K) LE KET),(AEX__UR(K)-AEX_R(K))
4 *Phi(z, K));

*EQ (Retrofit 19)
RELOCATE 4(S",.LJ)$(0OPT=2 AND ALLOW/(S,Z,1J)=1 AND FREEH(I) AND FREEC(J)

PAR N(S,Z, )

=L=A_NEW_MAX *(NHE(S,Z).J)-(NHEQ(S.Z, )*
SUM ( 1J

S
$(ORD(KyLE KET),Phi(Z,1,J,K)) ));

*EQ (Retrofit 20)
RELOCATE 5 I( ,Z,1J)$(0PT=2 AND ALLOW(S,Z,1,J)=| AND FREEH(I) AND FREEC(J)
AND B1F-0)..NHE(S,Z, ) =L= TOTNEXCHMAX :

, )$(OPT=2 AND FREEH(I) AND FREEC(J)
0). M((K)S(ORD(K) LE KET),Phi(Z LK) =L= 1 :

V ExtraEq. Limits number of phi matches
RELOCATE_5_3(Z K)$(OPT=2).. SUM((ij), Phi(Z 1JK)) =L=1;

*EQ(Retrofit 21)
RELOCATE_6(K, ,Z,1,J)$(OPT=2 AND ORD(K) LE KMAX AND ALLOW (S,Z,1.J)=I
AND FREEH(1) AND FREEC(J) AND BIF=1)..

PAR B(K,Z, )=L=AEX B(K,Z,LJ)+DPAR_E B(K,Z,J)+PAR_N B(K.,Z, );

*EQ(Retrofit 22)
RELOCATE_7(K, ,Z,1,J)$(0PT=2 AND ORD(K) LE KMAX AND ALLOW(S,Z,1,0)=I
AND FREEH(I)AND FREEC(J)AND B1F=1),

AEX _B(K,Z, )=E=SUM(KK$(ORD(KK) LE KET),(AEX B_R(KK)*DELTA(KK K)));

*EQ(Retrofit 23)
RELOCATE_8(K, ,Z,1,J)$(OPT=2 AND ORD(K) LE KMAX AND ALLOW (S,Z,1,J)=I
AND FREEH(I) AND FREEC(J) AND BIF=1)..
DPAR_E B(K z, J)=L= SUM(KK$(ORD(KK) LE KJET),(AEX_U_B_R(KK)-AEXJB_R(KK))
~ *DELTA(KK K));

*EQ (Retrofit 24)
RELOCATE 9(K, ,Z,1,J)$(OPT=2 AND ORD(K) LE KMAX AND ALLOW (S,Z, )=1
AND FREEH(I) AND FREEC(J) AND BIF=1).
PAR_N_B(K,Z, )=L=A NEW MAX*(I-SUM(KKS$(ORD(KK) LE KET)
i DELTA(KK K)));

*EQ(Retrofit 25)
RELOCATE_10(K, ,Z,1,J)$(0OPT=2 AND ORD(K) LE KMAX AND ALLOW (S,Z,1,3)=I
AND FREEH(1) AND FREEC(J) AND B1F=1)

SUM(KK$(ORD(KK) LE KET),DELTA(KK K)) =L=1;

SOFFTEXT

Z‘_Show All cost for chacking




HOTJfILITYCOST == SUMISHU() ANDFREEH(]) CHUFRHUIDTHUL);
Qd c.

CokfUTTLITY _COST =E= SUM(I$(CU(J) AND FREEC(J)),CCU(J)*FCU()*DTCU());

AredlCost=E= SUM((S,Z,1J)$(OPT=1 AND ALLOW( /. )-] AND FREEH(I) AND FREEC(J)
AND BIF(Z,1,3)=0),CAE*DPAR_E(Z,U)+CAN*PAR N(S.Z, ));

Fix” COST =E= SUM((S,Z,1,J)$(0PT=1 AND ALLOW (S,Z, )=1 AND FREEH(I) AND FREEC(J))
CF*(NHE(S,Z,1J)+NHE S$(S.Z 1:0)$(NFIEO(S,Z,1,9)=1) NHEO(S.Z, )))

MODEL MPERIOD / ALL/;

OPTION LIMROW =5000;
OPTION LIMCOL=5000;
OPTION SOLPRINT = OFF;
OPTION OPTCR=0
OPTION OPTCA=0 ;
OPTION reslim = 135800;

SOLVE MPERIOD USING MIP MINIMIZING TCOST;

PARAMETER QMATCH(S,Z,1,J);

QMATCH(S,Z, )=SUM((M N)$(D(S,Z,M N)=J AND TL(S,N) LT TU(S,M) AND D(S,Z,M N)=1
AND COLD(S,J,N) AND ALLOW _H(S,Z,I,M )=l AND ALLOW C(S,Z,JN,I)=1).
Q-L(S,Z,IM,J.N));

PARAMETER FH_H(S.Z, | )Flowrateofhotstream per HEX;
FH H(S,Z, ,M)$[hOT(S,IM)I=QNEW _M.L(S,Z, ,M)/[(TU(S,M)-TL(S,M))*CPH(S,I,M)]

PARAMETERFC_C(S,2J/1 )Flowrateofcold stream per HEX;
FC_C(,Z,J,,M)$[COLD(S,IM)]=QNEW N.L(S,Z, ,M)/[(TU(S,M)-TL(S,M))*CPC(S,I,M)]

PARAMETER NHE2(S,.Z,J,1):
NHE2(S,Z,J,1)= NHE.L(S,Z,1,J);

OPTION Cold_UTILITY_COST:3:0:I; DISPLAY Cold UTILITY COST L;
OPTION HOT_NTILITY COST:3:0:1, DISPLAY HOT _UTILITY COST.L;
OPTION Area Cost:3 0:1; DISPLAY Area Cost.L;

OPTION MX COS1:3:0:1;DISPLAY riX COSI.L;

option Q:3:0:1; display Q.L;

option FHU:3:0:1; display FHU.L;

ojttion FCU:3:0:1; display FCU.L;

OPTION DPAR E:3:0:1, DISPLAY DPAR EL;
OPTION PAR_N:3:0:1; DISPLAY PAR nl;
OPTION PAR;-1:0:1; DISPLAY PAR.L;
OPTION QMATCH:4:0:1; display QMATCH;
OPTION FH_H:3:0:1; DISPLAY 11l 1
OPTION FC~C:3:0:1;DISPLAY FC_C;
OPTION LMTD:3:0:1; DISPLAY LMTD;
SONTEXT

DISPLAY DTVIO;

DISPLAY AEX;

DISPLAY CPH,

ntSPI AY CPC

DISPLAY PHIL;

EXECUTE UNLOAD "isabelout.gdx" ,PAR, QMATCH, FH_H, FC C, AEX;
iXicUTE~GDXXRW .EXE isabelouLgdx pai==QMATCH rng=al’;
EXECUTE 'GDXXRW.EXE isabelouLgdx var=PAR mg-rF;

EXECUTE 'GDXXRW.EXE isabelouLgdx PAR=AEX mg=afll,

EXECUTE 'GDXXRW.EXE isabelouLgdx par=FH_H rng=a20",;

EXECUTE 'GDXXRW .EXE isabelouLgdx par=FC~C mg=a40’;

EXECUTE 'GDXXRW.EXE isabelouLgdx par=PHI rng=a60";

EXECUTE 'GDXXRW.EXE isabelouLgdx vAR=DPAR rng=R60’;
SOFFTLXT



Appendix B Programming Model for Retrofit with Relocation

ITITLE HEN design- Automatic parameter calculation- KITISAK-1

kkkkkkkkkkkkkkkx kkkkkkk * % * %% khkkkkkkhkhkkkhhkkhkhhkhhhkhkhkhhhkkkhkkhkkkhkx
* Equations that are different than in the paper +errata.

*(100) Justanomenclature change

*(105) Justanomenclature change

* Equations that are added to those that are in the paper

*(106) and (107)

* CONSISTENCY: Number of exchangers smaller than the number of shells

* Needed because the exchangers are related to the values of K.

*(108) LIMIT THENUMBER OF EXCHANGERS
:gclk[lg*)**iM*L’\i{LM*U*M*y*liM*BkEB*Q*Er*E*)grgil:l*A*!}‘*G*E*R*s**************************************
SOFFUPPER

SETS

« transfer zone  [Z 1/

t ALWAYS DEFINE THE HOT STREAMS FIRST, AND THEN THE COLD STREAMS
I Hot streams 11 *13]

Jcold streams 131*J3/
t ALWAYS DEFINE THE UTILITIES WITH THE HIGHEST INDEX

HU(I) Heating utilities /13/

CU(J) Cooling utilities 133/

M temperature intervals /M [ *M 85/
SCENARIO IS1/
K temperature intervals /K1*K1/

R exchangers [R1*R7/

ALIAS (M.NX.0)
ALIAS ( ])
ALIAS (3JJ)
ALIAS (K KK)
ALIAS (2.22)
ALIAS (R RR)

!
a1

3
/

PARAMETER N1Z(S,Z,1) # OF INTERVALS DESIRED FOR HOT STREAMS
S1.Z1.11 30

S1.Z1.12 8

S1.21.13 2

7ARAMETER NJZ(S,Z.J) # OF INTERVALS DESIRED FOR COLD STREAMS
S1.Z1.J1 35

$1.721J2°8
512133 2

PARAMETER HI(S.I) HEAT TR CEOFF FOR HOT STREAMS
51.13 0.1

7ARAM ETER HJ(S.J) HEAT TR CEOFF FOR COLD STREAMS



S1.J10.1
S1.J2 01
§1.J3 0.1

PARAMETERS
TIH(S,I) T IN FOR HOT STREAMS

Si Il 400
51.12 140
51.13 500

TOH(S.I) TOUT FOR HOT STREAMS

Sill 100
].12 60
113 499

TIC(SJ) TIN FOR COLD STREAMS

§1.J1 50
§1.J2 90
§1.J3 30

TOC(S,J) TOUT FOR COLD STREAMS

S1.J1 400
§1.J2 165
§1.J3 40

PARAMETERS
TIHZ(S.IJ)TIN FOR HOT STREAMS

S1.Z1.11 400
S1.Z1.12 140
1.Z1.13 500

TOHZ(S.ZJ) TOUT FOR HOT STREAMS

S1.Z1.11 100
§1.Z21.12 60
S1.Z1.13 499

TICZ(S,ZJ) T IN FOR COLD STREAMS

§1.Z1.J1 50
§1.21.J2 90
§1.21.J3 30

70CZ(S,Z,J) TOUTFORCOLD STREAMS

S1.Z1.J1 400
$1.21.J2 165
§1.21.J3 40

|
*INTRODUCE THE FCp:
FH(S.) FOR HOT STREAMS

51.11 10
51.12 30

FC(SJ) FORCOLD STREAMS

112



51.3]J 40
*USE THE MAX FCp FOR THE UTILITIES
IsETs FREEH(I)

D

13

7ARAM ETER BIF(Z, )

2111320
Z1.12J1°0
2112330
Z1.13J1°0

"PARAMETER MAXNEXCHPERMATCH MAXIMUM NUMBER OF MATCHES WHEN BIF=1;

MAXM XCItPI RM Airil = 2

PARAMETER SPH(I)  SH in paper
13 1
PARAMETER SPC(J)  SC in paper

!
J2 1
33 1

/

PARAMETER NIH(I) Non isothermal splitting for hot streams in paper

l
12 0
3 0

PARAMETER NIC(J) Non isothermal splitting for cold streams in paper

a 0
32 0
33 0

PARAMETER DTVIO(LJ)

lui 1
1.J2 1
11, 331

12, 1
1232 1
12. 331

3. )11
1332 1

/

113
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7ARAM ETER KMAX(Z,1J)

ZJ11J2 1
Z1.12J01 1
211233 1
1I13J1 1

khkkkkkkhkkkkkhhkhhhkkhhkhkhhkkhhhkkhhkhhkkhhkhhhkkhkhkhkhkkhkhhhkhhhkhkhhkhkhhkkkhkkhkhkkhkhkkhxx

khkkkkkkkkkkkkkkkkkhkkkhkkkhkkkxkx ADD FOR RETROFIT kkkkkkkkkkkkkkkkkkkhkkkkkhkkkkkkkx
khkkkkkkhkkhhkhkhhkkhkhkhkhhkkhkhhkhkhhkhhhkhhhkkhkhhkhhhhkhkhhkhhhkhhhkkhkhhkhkhkkhkhhkkhhkkkhhkkhkkkxx

Sontext
PARAMETER AEX(ZJ.J)

Z1.11.J1 1001.34
Z1.11.J3 1048.28
211232 121.53
Z1.12.J3 133.56
Z1.13.J1 584.15
Z1.13.J2 603.71
Z1.14.32 246.81

PARAMETER AEX_B(K,Z,1,J)
K1.21.11.J1 1001.34
PARAMETER NHEO(S,Z, )

S1.Z1.11J1'1
$1.71.1133 1
S1.21.1232 1
S1.Z21.12J3 1
S1.21.13J1 1
$1.7113J2 1
S1.Z1.1402 1

PARAMETER AEX_ (Z.1)

Z1.11.J1 1502.01
Z1.11.J3 1572.42
Z1.12.J2 182.295
21.12.J3 200.34
Z1.13.J1 876.225
Z1.13.J2 905.565
Z1.14.32 370.215

PARAMETER AEXUB(K,ZJJ)

71.21.II.J1 1502.01

Sofftext
{ For Relocation
PARAMETER NIIEO(S,Z.1.J)

$1.Z1.1132 1
$1.21.1231 1

J31
SIZlISJl 1

/

PARAMETER AEX R(R)

R1 841.86
R2 554
R3 660.18
R4 262

/



PARAMETER AEXBI(R)

R1 841.86
R2 554
R3 660.18
R4 262

PARAMETER AEX_U_1(R)

R1 2000
R2 2000
R3 2000
R42000

7ARAM ETER AEX B_R (1)

R1 841.86
R2 554
R3 660.18
R4 262

PARAMETER AEXJJ_B_R(RR)

R1 2000
R2 2000
R3 2000
R4 2000

7ARAMETER AEXUJ3J (R)
R1 2000
R2 2000

R3 2000
74 2000

PARAMETER R ALL
]Aj Minimum DELTA T
)

7 RAMETER KET

]
*$offiext

*
}igalﬁx*t* Khkkhhkkkhhhkk khhkkhhkkhkhkhkhkkhkhkhkhhkkhkhkkhkkkhkhkhkhkkkhkkhkhkkhk khhkkkkkkkkk

KAk ok kA ko ko kkhkh ko ko ko k ko k ok k ok ko kkhkkhkkkhkkkhkhkkhkkkhkkkhkkkkk k%

PARAMETER DTHU()
'

PARAMETER DTCU(J)

J3 10

PARAMETER FMAX HU(I)
135000
PARAMETER FMAX_CU(J)
335000

7ARAM ETER CHU(I)

115



13 95.04
PARAMETER CCU(J)
B2

PARAMETER CF;
CF= 1000;
PARAMETER CA;

Q\Ar*_*;g'*******************‘k****‘k************‘k***********************************

kkkkkkkkkkkkkkkkkkx ****+******pQJ/\ J/\ng’ngjI‘J'******** kkkkkkkkkkkkkkkkkkhkkkkk kkkkkkxkx

khkkkkkkhkkkhkhhkkhhkkhhkhkhhkhhkkhkhkhhkkhhkkhhkhkhkkhhkhkhhkhhkhhkkhkkhkkhhkkhhkkhkkkdhkkhkkk

PARAMETER CAN;

PARAMETER CAE;
Sohvkioexkidiokkkiokkkokickickkkkikkkkik ikl ki kol ko kicokkicokkicokkok

*$offiext

PARAMETER QLHMIN
* Minimum heat that can be transferred within an interval Hot streams

PARAMETER QLCMIN
* Minimum heat that can be transferred within an interval.Cold streams

PARAMETER AMAX

]m Maximum area per exchanger
]

PARAMETER ASHELLMAX

75(11)' Maximum shell area
]

PARAMETER USHELLMAX
]my Maximum shell area
]
*Add for retrofit
PARAMETER A_NEW _MAX(Z]J)

?I.(11*13).(J1*J3) 300

PARAMETER ANEWSHELLMAX

7&11)1 Maximum shell area

PARAM ETERNEWUSHELLMAX
Maximum shell area

15000/,

*

PARAM ETER TOTNEXCHMAX
Maximum NUMBER OF EXCHANGERS

PARAMETER TOTNEXCHMIN
Minimum NUMBER OF EXCHANGERS

PARAMETER DTmin

]d Minimum DELTA T

]

parameter NINT

12631;

HameterOPT

% END OF INPUT PARAMETERS

SCALARS Si, Zi, Mi, Ic,

PARAMETERS IHminZ(S,Z,I),IHmaxZ(S.Z,]),IHmax(S,!),IHmin(S,1),HOT(S,J,M),



HOT2(S M

), HOTZ(S,Z.IM). ICminZ(S,Z J),ICmaxZ(S.ZJ),ICmin(S,J).
]Cmax(SJ),COLD(S,J )

M),COLD2(S,M), COLDZ(S,Z,J M), H I(S.I.M). H_J(S,J.M)

FOR(Si=l TO CARD(S),
FOR(Zi=l TO CARD(Z),
FOR(lc=l TO CARD(l),
IHmiiiZ($,Z,1)$[ORD(S)=Si AND ORD(I)=I
AND ORD(Z)=1]= 0+ 1$[N1Z(S,Z,1)>=]]:
IHminZ(S,Z,1)$[ORD(S)=Si AND ORD(I)>I
AND ORD(Z)=I]= 0+
{SUM((ZZI1)$[ORD(J1)<ORD()NIZ(S,ZZ I)+}S[N1Z(SIZ.1)>=1]:
IHminZ(S,Z 1)$[ORD(S)=Si AND ORD(Z)>1]= 0+
{ M((ZZH)S[ORD(I)<ORD(N]NIZ(S,ZZ 1))
+SUM (ZZ$[ORD(ZZ)< Zi] N]JZ(S,2Z,])>+1 JSINIZ(S.Z,1)>=1 ;
IHmaxZ($,2J)S[ORD(S)=Si AND ORD(l)=lc AND ORD(Z)=Zi]= 0+
{IHMInZ(S,Z 1#N1Z(S,Z,1)-}$IN1Z(S.Z.1)>=1];
IHmin(S,1)$[ORD(S)=Si AND ORD(I)=Ic]=
SUM[Z${SUM (ZZS$[ORD(ZZ)<=ORD(Z)-IN1Z($,2Z,]))=0}IFIminZ(S,Z 1)];
IHmax(S,1)$[ORD(S)=Si AND ORD(])=lc]=
SUM [Z${SIIM (ZZ$[ORD(2Z)>=ORD(Z)+I.N1Z(S.ZZ,1))=0},IFImaxZ (S.Z,I)];

FOR(Mizl TO CARD(M),
HOT(S,],M)$[ORD(S)=Si AND ORD(])=1c AND ORD(M)=Mi]= 0+
1$[ORD(M)>= IHmin(SJ) AND ORD (M )<=IHmax(S,1)];
HOT2(S,M)$[ORD(S)-Si AND ORD(M)-Mil- 0+ 1S[ORD(M)<=
SUM(IS(ORD(1)=CARD(1)),IHmax(SI))];
HOTZ(S,Z,1,M)$[ORD(S)=Si AND ORD(])=Ic AND ORD(M)=M
AND ORD( ): i]= 0+ 18[ORX>(M)>= [HminZ (S,Z,1) AND ORD(M)< IHmaxZ($,Z,1)];
H_I( IM)S[ORD(S)-Si AND ORD(I)=lc AND ORD(M)=Mi
AND HOT(S,LM)=1]= FII(S,1) ;

FOR(Ji=l TO CARD(J),
ICminZ(S,Z,J)$[ORD(S):SiAND ORD(J)=IAND ORD(Z)=]= 0+
{ M(S[ORD(I)=CARD(I)],IHmax(S,1))+[}$[NIZ(S,Z J)>=I];
(5,2,J)S[ORD(S)-Si AND ORD(J)>IAND ORD(Z)=1]= 0+
M{l [ORD(0=CARD(I)],IHmax(S,])}
+SUM ((ZZ J0)$[0RD(JI)<ORD(NINIZ(S,2Z.33))+1 ISINIZ(S.Z,3)>=1];
ICminZ($,ZJ)${ORD(S)=Si AND ORD(Z)>]= 0+
{ M{I$[ORD(I)=CARD()].IHmax(s,1)}
+SUM((ZZ,33)S[ORD(JJ)<ORD (3)NJZ(S,2Z,13))
+SUM (ZZ$[ORD(2Z)< ZI,NIZ(S,2Z 3))+1 }$[NIZ(S,Z,9)>=1;
ICmaxZ(S,Z,J)$[ORD(S)=Si AND ORD(J)=Ji AND ORD(Z)=Zi]= 0+
{1ICmmZ($,2,3)+NJZ(S.2j)-1}$[NJZ(S,Z I)>=1];
ICmin(SJ) $[ORD(S)=Si AND ORD(J)=Jil=
M[Z${SUM (ZZ$[ORD(ZZ)<=ORD(Z)-[INJZ(S,2ZJ))=0}]CminZ(S,Z,J)];
ICmax(S,J) SIORD(S)=Si AND ORD(J)=Ji]=
SUM[Z${sbM (ZZ$[ORD(ZZ)>=ORD(Z)+],NJZ(S,2Z J))=0}ICmaxZ(S,Z,J)];

ICminZ(S

FOR(Mizl TO CARD(M),
COLD(S,J,M)$[ORD(S)=Si AND ORD(J)=Ji AND ORD(M)=Mi]= <H
1${ORD(M)>=ICmin(S,J) AND ORD(M)<=ICmax(SJ)];
COLD2(S,M)$[ORD(S)=Si AND ORD(M)=Mi]= 0+
1S[ORD(M)> M(J$(ORD(1)=CARD(I))IHmax(s,1))
AND ORD(M)<= SUM (J$(ORD(j)-CARD (3))ICmax(SI)!;
COLDZ(S,Z,J,M)$[ORD(S)=Si AND ORD(J)=Ji AND ORD(M)=Mi
AND ORD(Z)=Zi]= 0+ IS[ORD(M)>= ICminZ($;Z,3)
AND ORD(M)<=ICmaxZ($,Z,J)];
H_J(S,J,M)$[ORD(S)=Si AND ORD(J)=Ji AND ORD(M)=M
AND COLD(S,J,M)=1] = HI(S3) ;

)

PARAMETERS DT(S,M),TU(S.M), TL(S,M),CPH(S,I,M),CPC(S,J,M)DHH(S,],M)DHC(S,JM);

*aArwAays DFFINF Cn as 1
CPH(S,IM)$[HOT(S,IM)= ]:1
CPC(SJIM)$[COLD(SIM)-1]=1;
DT(S,M)=SUM((Z)$[HOTZ(S_.Z I,M)=1]{[TIFIZ(S,Z,])-TOHZ(S,Z,1)]/
[IHmaxZ(S3Z,1)IHmigZ(S,Z2J)+1] $'IOT2$M- I+
SUM((Z,J)$[COLDZSZJIM) 1],?TOCZSZJ TICZ(S !]A
[ICmaxz(S,z,J)- IlenZSZJF|}$[COLD2( )=]



FOR(Si= 1 TO CARD(S),
FOR (Mi=1 TO CARD(M),
TU(S,M)$[ORD(S)=Si AND ORD(M)=Mil= {SUM((Z,)$[HOTZ(S.Z,|M)=
AND ORD(M)=IHminZ(8,Z,1)), TIHZ(S,Z,1)${ORD(M)=IHminZ(S.Z,1)
+ SUM((Z.1)$[HOTZ(S,Z,1,M)=1 AND ORD(M)>IHminZ(S,Z.1)AND
ORD(M)<=IHmaxZ(S.,Z,1)],
[TIHZ(S.Z.1)-(ORD(M)-IHminZ(S,Z.1))*DT(S,M)]$[ORD(M)>
IHminZ(S,Z,1)AND ORD(M)<=IHmaxZ(S,Z,1)])}$[HOT2(S,M)=1]
+ {SUM((Z,))$[COLDZ(S,Z,J,M)=1 AND ORD(M)=ICminZ(S,Z,))],
TOCZ(S,Z.3)${ORD(M)=ICminZ(S.Z,})])
+ SUM((Z.J)$[COLDZ(S,Z,J,M)=1 AND ORD(M)>ICminZ(S.Z.J)
AND ORD(M)<=ICmaxZ(S,Z.J)],
[TOCZ(S.Z.J)-(ORD(M)-ICminZ(S.Z.1))* DT(S,M)]$[ORD(M)>
ICminZ(S,Z,J))AND ORD(M)<=ICmaxZ(S.Z.J)])} S{COLD2(S,M)=1
TL(S,M)$[ORD(S)=Si AND ORD(M)=Mil=
{SUM((Z,1)${HOTZ(S,Z,1,M)=1 AND ORD(M)=THmaxZ(S,Z,1)],
TOHZ(S,Z.)$[ORD(M)=IHmaxZ(S,Z,1)])
+ SUM((Z.)$[HOTZ(S,Z,1,M)=1 AND ORD(M)<IHmaxZ(S,Z,)
AND ORD(M)>=THminZ(S,Z,1)],
[TOHZ(S.Z.1)+(IHmaxZ(S,Z,1)-ORD(M))* DT(S,M) S [ORD(M)<
JHmaxZ(S.Z.1I)AND ORD(M)>=IHminZ(S,Z,1)])}S[HOT2(S,M)=1]
+ {SUM((Z.J)$[COLDZ(S,Z,J,M)=1AND ORD(M)=ICmaxZ(S,Z,J)},
TICZ(S.Z,J)$[ORD(M)=ICmaxZ(S,Z.J)})
+ SUM((Z,))$[COLDZ(S,Z.J,M)=1AND ORD(M)<ICmaxZ(S.Z.J)
AND ORD(M)>=ICminZ(S,Z.J)},
[TICZ(S,Z,J)+(ICmaxZ(S,Z.,))-ORD(M))* DT(S,M)]$[ORD(M)<
ICmaxZ(S.Z,J))AND ORD(M)>=ICminZ(8.Z.1)})}$[COLD2(S.M)=1
FOR(Ic=1 TO CARD(J),
DHH(S,],M)$[ORD(S)=Si AND ORD(M)=Mi AND ORD(})=Ic
AND HOT(S,1M)=1]= FH(S,1)* CPH(S.L,M)*[TU(S,M)-TL(S.M)] ;
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FOR(lc=I TO CARD(I),
FOR(Ji=l TO CARjD(J),
ALLOW (S,Z,1J)$[ORD(S)=Si AND ORD(Z)=Zi AND ORD(])=lc
AND ORD(J)=Ji]= 0+ IS{SUM |(M,N)$[HOT(S,IM)-1
AND COLD(SJ,N)=11,D(S.Z,M N)] >0

00



AND NOT[HU(J)AND CU()]};
FOR (Mi=I TO CARD(M),
ALLOW H(S,Z,I,M J)$[ORD(S)=Si AND ORD(Z)=Zi AND ORD(l)=lIc

AND ORD(J)=Ji AND ORD(M)=Mi
AND HOT(S,1,M)=1]= 0+

1${SUMN$[COLD(S,J,N)=1],D(S.Z,M ,N)] >0AND NOT[HU(I)AND CU(J)]}:

ALLO0 _c( .ZJMJ)$[ORD(S)=Si AND ORD(Z)=Zi AND ORD(I)=lc

AND ORD(J)=Ji AND ORD(M)=Mi AND COLD(S,J,M)=I]= 0+
1 { 'M[NS[HOT(S,]N)=1],D(S,Z,N.M)] >0AND NOT[HU(I)AND CU(J)]};

FOR(Zi=l TO CARD(Z),
FOR(lc=I TO CARD(I),
FOR(Ji=I TO CARD(J),
ALLOW 2(Z,1.3)$[ORD(Z)=Zi AND ORD(l)=Ic AND ORD(J)=Ji]= 0+
1${SUM[ ALLOW(S:Z, )] >0AND NOT[HU(I)AND CU(J)]>;

SONTEXT
*NM-4S 1-FINAL-6-FLEXIBILITY-Sl.gms: August9,2004
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TOFFTEXT

Sontext

\ DEFINES THENUMBER OR TRANSFER ZONES
SET

L transfer zone 12 1*Z22]

+ ALWAYS DEFINE THE HOT STREAMS FIRST, AND THEN THE COLD STREAMS
SET 1 /Iy 5/

SET J1J1*J15/

SETS
M temperature intervals /M 1*M 250/
SCENARIO ISt

K number of heat exchangers /K1y K20/
X used to input numbers /X 1*X 15/

\ ALWAYS DEFINE THE UTILITIES WITH THE HIGHEST INDEX

V Heating utilities

SCALL GDXXRW .EXE c:\HENS\isabel.xls Set=HU rng=GAMS!C49:149 Cdim=I
SET ()

TGDXIN isabel.gdx

TLOAD HU

+ Cooling utilities

SCALL GDXXRW.EXE c:\HENS\isabel.xls Set=cu mg=GAMS!C52:152 Cdim=|
SETCU(J)

SGDXIN jsabel.gdx

sLoaD Gl

kkkkkkkhkdhkkhkdkkhkdhdhkx L hkdhdhdhk; khkkkhkkkhkkkkhhhhkkhhkdhhkhkkkhkkhkkhkkx
+ jnpUrparameters

* INPUTS 15NUMBERS IN ONE VECTOR TO REDUCE LOADING TIME
SCALL GDXXRW .EXE c:\HENS\isabel.xls par=DATA mg=Hojal 'E48:F62 Rdim=]
PARAMETER DATA(X);

SGDXIN isabel.gdx

SLOAD DATA

+ DEFINES WHICH EQUATIONS RUN OPT=0 GRASSROOTS OPT=I RETROFIT OPT=2 RELOCATION
PARAMETER OPT;

OPT = DATA(XIY);

{ THENUMBER OF INTERVALS TO BE USED
PARAMETER NINT;
NINT = DATA('X2');



¢ Maximum shell area
PARAMETER ASHELLMAX;
ASHELLMAX = DATA('X3");

\ Maximum area per exchanger
PARAMETER AMAX;
AMAX = DATACX4);

¢ Minimum DELTA T
PARAMETER DTmin;
DTmin = DATA('X5");

{ PARAMETER MAXNEXCHPERMATCH MAXIMUM NUMBER OF MATCHES WHEN BIF=1
i MAXNEXCHPERMATCH = 2

PARAMETER BIF;

BIF = DATA('X6');

¢ LIMITS THE NUMBER OF HEAT EXCHANGERS IN ONE INTERVAL
PARAMETER KMAX;
KMAX = DATA('XTY;

+ Minimum heat that can be transferred within an interval.Hot streams
PARAMETER QLHMIN;
QLHMIN = DATA('X8");

+ Minimum heat that can be transferred within an interval.Cold streams
PARAMETER QLCMIN;
QLCMIN = DATA('X8));

¢ Maximum NUMBER OF EXCHANGERS
PARAMETER TOTNEXCHMAX;
TOTNEXCHMAX = DATA('X9);

+ Minimum NUMBER OF EXCHANGERS
PARAMETER TOTNEXCHMIN;
TOTNEXCHMIN = DATA('X10");

+ FIXED COST FOR A HEAT EXCHANGER MATCHING STREAMS
CE0RTAX T

i VARIABLE COST FOR A HEAT EXCHANGER MATCHING STREAMS
PARAMETER CA;
CA = DATA('X12Y);

{ COST OF RELOCATION
PARAMETER CAN;
CAN = DATA('X13");
PARAMETER CAE;
CAE = DATA('X13");

i NUMBER OF HEAT EXCHANGERS OR1GINALY PRESENT
PARAMETER KET;
KET= DATA('X14");

+ MAXIMUM ADITIONAL AREA
PARAMETER A NEW MAX;
ANEWMAX = DATACX15Y);

+ NUMBER OF INTERVALS ON HOT STREAM

SCALL GDXXRW.EXE c:\HENS\isabel.xIs par=NIZ rng=GAMS!al :q3 Rdim=2 Cdim=I
PARAMETER NIZfSXT);

SGDXIN isabel.gdx

TLOAD NIZ

y NUMBER OF INTERVALS ON COLD STREAM

SCALL GDXXRW.EXE c:\HENS\isabel.xIs par=NJZ rng=GAMS'a5:q7 Rdim=2 Cdim=|
PARAMETER NJZ(S.Z.J),

IGDXIN isabel.gdx

SLOAD NJZ



“HEAT TRANSFER CEOFF FOR HOT STREAMS

SCALL GDXXRW .EXE c:\HENS\isabel.xls par=HI mg=GAMS!B9:ql0 Rdim=I Cdim=I
PARAMETER HI(S,I);

SGDXIN isabel.gdx

SLOAD HI

+ HEATTRANSFER CEOFF FOR COLD STREAMS

SCALL GDXXRW.EXE c:\FIENS\isabel.xls par=HJ mg=GAMS!B12:ql3 Rdim=1 Cdim=I
PARAMETER HJ(S,J);

SGDXIN isabel.gdx

SLOAD HJ

} TEMPERATURE FOR HOT INLET STREAMS

SCALLGDXXRW.EXE c:\HENS\isabel.xIs par=T!H rng=GAM S!B15:ql6 Rdim=I Cdim=I
PARAMETER TIH(S,I);

SGDXIN isabel.gdx

SLOAD TH

} TEMPERATURE FOR HOT OUTLET STREAMS

SCALL GDXXRW.EXE c:\HENS\isabel.xls par=TOH mg=GAMS!BI8:qI9Rdim=1 Cdim=!
PARAMETER TOH(SJ);

SGDXIN isabel.gdx

SLOAD TOH

} TEMPERATURE FOR COLD INLET STREAMS

SCALL GDXXRW .EXE c:\HENS\isabel.xIs par=TIC rng=GAMS!B21:q22 Rdim=1 Cdim=I
PARAMETER TIC(S.J),

SGDXIN isabel.gdx

SLOAD TIC

} TEMPERATURE FOR COLD OUTLET STREAMS

SCALL GDXXRW .EXE c:\HENS\isabel.xls par=TOC mg=GAMS!B24:q25 Rdim=|1 Cdim=|
PARAMETER TOC(S,J);

SGDXIN isabel.gdx

SLOAD TOC

\ PARAMETERS FOR Z ZONE, TEMPERATURA @ EACH ZONE AND FLOW

\ TEMPERATURE FOR HOT INLET STREAMS @ Z

SCALL GDXXRW.EXE c:\HENS\isabel.xls par=TIHZ rng=GAM S!A27:q29 Rdim=2 Cdim=I
PARAMETER TIHZ(S,Z 1);

SGDXIN isabel.gdx

SLOAD TIHZ

{ TEMPERATURE FOR HOT OUTLET STREAMS @ Z

SCALL GDXXRW .EXE c:\HENS\isabel.xls par=TOHZ rng=GAMS!A31 :q33 Rdim=2 Cdim=|
PARAMETER TOHZ(S,Z,I);

SGDXIN isabel.gdx

SLOAD TOHZ

\ TEMPERATURE FOR COLD INLET STREAMS @ Z

SCALL GDXXRW.EXE c:\HENS\isabel.xls par=TICZ mg=GAMS!A35:q37 Rdim=2 Cdim=I
PARAMETER TICZ(S,Z,J);

SGDXIN isabel.gdx

SLOAD TICZ

¢ TEMPERATURE FOR COLD OUTLET STREAMS @ Z

SCALL GDXXRW .EXE c:\HENS\isabel.xls par=TOCZ rng=GAMS!A39:q41 Rdim=2 Cdim=|
PARAMETER TOCZ(S,Z,J);

SGDXIN isabel.gdx

SLOAD TOCZ

} MASS FLOW FOR THE HOT STREAMS

SCALL GDXXRW .EXE c:\HENS\isabel.xls par I Hrng=GAMS!B43:q44 Rdim=] Cdim=I
PARAMETER FH(SI);

SGDXIN isabel.gdx

SLOAD FH

} MASS FLOW FOR THE COLD STREAMS

SCALL GDXXRW .EXE c:\HENS\isabel.xIs pa!-rc mg=GAMS!B46:q47 Rdim=1 Cdim=I
PARAMETER FC(S,J);

SGDXIN isabel.gdx



SLOADFC

¥ HOTPROCESS STREAMS

SCALL GDXXRW .EXE c:\HENS\isabel.xIs Set=FREEH rng=GAMS!CI :ql Cdim=I
ET FREEH(I)

SGDXIN isabel.gdx

SLOAD FREEH

*COLD PROCESS STREAMS

SCALE GDXXRW.EXE c:\HENS\isabel.xIs Set=FREEC mg=GAMS!C5:q5 Cdim=I
SET FREEC(J)

SGDXIN isabel.gdx

SLOAD FREEC

{ SPLITS ARE ALLOWED FOR HOT STREAMS BINARY SH in paper
SCALL GDXXRW .EXE c:\HENS\isabel.xIs par=SPH rng=GAMS!C55:q56 Cdim=I
PARAMETER SPH(l);

SGDXIN isabel.gdx

SLOAD SPH

} SPLITS ARE ALLOWED FOR COLD STREAMS BINARY SCin paper
SCALL GDXXRW .EXE c:\HENS\isabel.xls par=SPC mg GAMS!C58-q59 Cdim=I
PARAMETER SPC(J);

SGDXIN isabel.gdx

SLOAD SPC

t NON ISOTHERMAL MIXING ISPERMITED FOR HOT STREAMS BINARY
SCALL GDXXRW .EXE c:\HENS\isabel.xls par=NIH mg=GAMS!C55:956 Cdim=I
PARAMETER NIH(l);

SGDXIN isabel.gdx

SLOAD N1H

+ NON ISOTHERMAL MIXING IS PERMITED FOR COLD STREAMS BINARY
SCALL GDXXRW .EXE c:\HENS\isabel.xls pap=NIC rng=GAMS!C58.959 Cdim=I
PARAMETER NIC(J);

SGDXIN isabel.gdx

SLOAD NIC

+ POSIBLE TEMPERATURE DIFERENCES BETWEEN EXCHANGING STREAMS
SCALL GDXXRW .EXE c:\HENS\isabel.xls par=DTVIO rng=DTVIO!AI:C225 Rdim=2
PARAMETER DTVIO(l,J);

SGDXIN isabel.gdx

SLOAD DTVIO

{ TEMPERATURE DIFERENCE IN THE HOT UTILITY

SCALL GDXXRW .EXE c:\HENS\isabel.xls par=DTHU rng=GAMS!C49:q50 Cdim=]
PARAMETER DTHU(l);

SGDXIN isabel.gdx

SLOAD DTHU

{ TEMPERATURE DIFERENCE IN THE COLD UTILITY

SCALL GDXXRW .EXE c:\HENS\isabel.xIs par=DTCU rng=GAMS!C52:q53 Cdim=I
PARAMETER DTCU(J);

SGDXIN isabel.gdx

SLOAD DTCU

¢ MAXIMUM MASS FLOW FOR THE HOT UTILITY

SCALL GDXXRW .EXE c:\HENS\isabel.xls par=FMAX_HU rng=GAMS!C61 :q62 Cdim=I
PARAMETER FMAXHU(I);

SGDXIN isabel.gdx

SLOAD FMAX_HU

¢ MAXIMUM MASS FLOW FOR THE COLD UTILITY

SCALL GDXXRW .EXE c:\HENS\isabel.xIs par=FMAX_CU mg=GAMS!C64:q65 Cdim=I
PARAMETER FMAX_CU(J);

SGDXIN isabel.gdx

SLOAD FMAX_CU

{ COSTOF HOT UTILITY
SCALL GDXXRW .EXE c:\HENS\isabel.xIs par=CHU mg=GAMS!C67:q68Cdim=I
PARAMETER CHU();



SGDXIN isabel.gdx
SLOAD CHU

t COSTOF COLD UTILITY

SCALLGDXXRW .EXE c:\HENS\isabel.xIs par=ccu rng=GAMS!C70:q71 Cdim=I
PARAMETER CCU(QJ);

SGDXIN isabel.gdx

SLOAD ecu

t CPOF HOT PROCESS STREAM |

$CALL GDXXRW.EXE c:\HENS\isabel.xIs par=CPH mg=CPIBE2:BH251 rdim=3
PARAMETER CPH(S,I,M);

SGDXIN isabel.gdx

SLOAD CPH

+ CPOFCOLD PROCESS STREAM J

SCALL GDXXRW .EXE c:\HENS\isabel.xls par=CPC mg=CP!BJ2:BM 25| rdim=3
PARAMETER CPC(S,JM);

SGDXIN isabel.gdx

SLOAD CPC

kkkkkkkkkkhkkkhkkkhkkkhkkhkkhkk ADD FOR RETROFIT kkkkkkhkkkkkkkkkhkhkkkkhkkkkkhkkkkkkxkx

t AREAOF EXISTING HEAT EXCHANGERS

SCALL GDXXRW .EXE c:\HENS\isabel.xls par=AEX rng=EXCHANGERS!L2:08 Rdim=3
PARAMETER AEX(Z, );

SGDXIN isabel.gdx

SLOAD AEX

+ AREA OF EXISTING HEAT EXCHANGERS THAT CANNOT BE MOVED

SCALL GDXXRW EXE c:\HENS\isabel.xls par=AEX_B mg=EXCHANGERS!Q2:U21 Rdim-4
PARAMETER AEX _B(K,Z, );

SGDXIN isabel.gdx

SLOAD AEX B

+ NUMBER OF HEAT EXCHANGERS

SCALL GDXXRW .EXE c:\HENS\isabel.xls pai=NHEO rng=EXCHANGERS!K45:0244 Rdim=4
PARAMETER NHEO(S,Z, );

SGDXIN isabel.gdx

SLOAD NHEO

+ MAXIMUM AREA OF EXCHANGERS

SCALL GDXXRW .EXE c:\HENS\isabel.xls par-AEX ~ rng=EXCIIANGERS!L23;042 Rdim=3
PARAMETER AEX_ (Z.1J);

SGDXIN isabel.gdx

SLOAD AEX U

SCALL GDXXRW .EXE c:\HENS\isabel.xIs par=AEX_U_B rng=EXCHANGERS!Q23:U42 Rdim-4
PARAMETER AEX_U_B(K,Z,1J);

SGDXIN isabel.gdx

SLOAD AEXUJB

RrRR xRk kxR ko akkkkxkk sk AD[) POR RELOCATION E0 44044 b bbb bbb bbb bbbt bhbbabibty
SCALL GDXXRW .EXE c:\HENS\isabel.xIs par=AEX_R mg-EXCHANGERS!Z2:AA21Rdim=]
PARAMETER AFX R(K).

SGDXIN isabel.gdx

SLOAD AEX_R

SCALL GDXXRW .EXE c:\HENS\isabeLxIs par=AEX_U_R mg=EXCHANGERS!Z23:AA42 Rdim-1
PARAMETER AEX_U_R(K);

SGDXIN isabel.gdx

SLOAD AEX U R

SCALL GDXXRW .EXE c:\HENS\isabel.xIs par=AEX B R mg=EXCHANGERS!AC2:AD21 Rdim=I
PARAMETER AEX B R(K);

SGDXIN isabel.gdx

SLOAD AEX B R

SCALL GDXXRW .EXE c:\HENS\isabel.xIs par=AEX_U_B_R rng=EXCHANGERS!AC23:AD42 Rdim-1
PARAMETER AEX B R(K);

SGDXIN isabel.gdx

SLOAD AEX B R



* END CF INPUT PARAVETERS

SCALARS Si, Zi, Mi, Ic, Ji

*H | HEAT TRANSFER COEFICIENT FOR HOT STREAM |

*HJ HEAT TRANSFER COEFICIENT FOR COLD STREAM J

{ HOT HOT FLOW I PRESENT IN INTERVAL M

{ COLD COLD FLOW JPRESENT IN INTERVAL N

PARAMETERS IHmMinZ(S,Z,1),IHmaxZ(S,Z,1),IHmax(S,]),Hmin(S,1,HOT(S,I.M),

HOT2(SM), HOTZ(S,Z,I M), ICminZ($,Z,3),ICmaxZ($,Z,J),ICniin($J),

ICmax($,J),COLD(S,J,M),COLD2(S,M), COLDZ(S,Z,J,M), H_I(S,I,M), HJ(S,I.M)

FOR(Si=I TO CARD(S),
FOR(Zi=| TO CARD(2),
FOR(lc=I TO CARD(FREEH),
IHMinZ(S,Z,1)${ORD(S)=Si AND ORD(1)=I
AND ORD(Z)=1]=0+ 1$[NIZ(S.Z,1)>=];
IHMinZ(S,Z,1)S[ORD(S)=Si AND ORD(1)>1
AND ORD(Z)=1]= 0+
{SUM((ZZ,11)$[ORD (1)<ORD (I)].N1Z(S.2Z,I1))-H }$IN1Z(S,Z,1)>=1];
IHrninZ(S,Z,1)$[ORD(S)-Si AND ORD(Z)>1]= (>+
{SUM((ZZ.11)$[ORD(11)<ORD(N]N1Z(S,2Z 11))
+SUM (ZZ$[ORD(ZZ)< Zi]NIZ(S,2Z 1))+ HINIZ(S,Z,1)>=1];
IHmaxZ(S,Z,1)$[0RD(S)=Si AND ORD(I)=lc AND ORD(Z)=Zi]= 0+
(IHMinZ(S,Z 1)+N1Z(S,Z,1)-1 1$[N1Z(S,Z,1)>=1];
IHmin(S,1)$[ORD(S)=Si AND ORD(I)=lc]=
SUM[Z${SUM (ZZ$[ORD(2Z)<=011D(Z)-
IHmax(S,1)$[ORD(S)=Si AND ORD(I)=Ic]=
SUM [Z${SUM (ZZS$[ORD(ZZ)>=ORD(Z)+I]NIZ(S.2Z.]))=0}IHmaxZ(S,Z,1)];

IN1Z(S,2Z 1)=0}IHminZ(S,.Z,1)];

FOR(Mi=l TONINT,
HOT(S,I,M)$[ORD(S)=Si AND ORD(I)=Ic AND ORD(M)=Mi]= 0+
ISORD(M)>= IHmin(S.l) AND ORD(M)<=IHmax(S,1)];
HOT2(S,M)$[ORD(S)=Si AND ORD(M)=Mi]= 0+ IS[ORD(M )<=
SUM(I$(0RD(I):CARD(FREEH)),IHmax(S,I))];
HOTZ(S.Z,I,M)$[ORD(S)=Si AND ORD(I)=Ic AND ORD(M)=Mi
AND ORD (Z)-Zi]= 0+ IS[ORD(M)>= IHminZ(S,Z,1) AND ORD(M)<=IHmaxz (S.,1)];
HJ( ,LM)$[ORD(S)=Si AND ORJD(I)=Ic AND ORD(M)=Mi
AND HOT(S,I,M)=1] = HI(S,I) ;

FOR(Ji=l TO CARD(FREEC),
ICminZ(S,Z J)$[ORD(S)=Si AND ORD(J)=I AND ORD (Z)=1]= 0+
{SUM (I$[ORJD(1)=CARD(FREEH)],IHmax(s,1))+I }S[NJZ(S,Z 3)>=1];
ICminZ(S,Z,J)$[ORD(S)=Si AND ORJD(J)>IAND ORD (Z)=1]= 0+
{SUM {ISORD()=CARD(FREEH)],IHmax(s,1)}
£SUM((ZZ J)$[ORD (JI)<ORD()INIZ(S,2Z,30))+1 }$[NIZ(S.Z )>=1];
ICminZ($,Z,3)S[ORD(S)=Si AND ORE)(Z)>I]= 0+
{SUM {IS[ORB(1)=CARD(FREEH)],IHmax(S,)}
+SUM((ZZ,J3)S[ORD(JJ)<ORD(I)NIZ (8,22 ,33)
+SUM (ZZS[ORD(ZZ)< ZiNIZ(S,2Z,3)>+1 }$fNJZ(S,Z J)>=1];
ICmaxZ($,Z,J)S[ORD(S)=Si AND ORD(J)=Ji AND ORD(Z)=Zil= 0+
(ICMinZ($,2,J)+NJZ(S,Z,j)-1}$[NIZ(S,.Z 3)>= 1];
JCmin($,3) $[ORD(S)=Si AND ORD(J)=Ji=
SUM[Z${SUM (ZZS[ORD(ZZ)<=ORD(Z)-INJZ(8,2Z,3))=0},ICminZ(S,Z,J)];
ICmax($,J) $[ORD(S)-Si AND ORD(J)=Ji]=
SUM [Z$ {SUM (ZZS[ORD(Z2Z)>=0RD(Z)+1]NJZ(S,2Z,J))=0} ICmaxZ ($.23)];

FOR(Mizl TONINT,
COLD(S,J,M)$[ORD(S)=Si AND ORD(J)=Ji AND ORD(M)=Mi]= 0+
1$[ORD(M)>= ICmin(S,J) AND ORD(M)<=ICmax(S,J)];
COLD2(S,M)$[ORD(S)=Si AND ORD(M)=Mi]= 0+
ISORD(M)>SUM (I$(ORD(I)=CARD(FREEH)),IHmax(s,1))
AND ORD(M)<= SUM(J$(ORD(J)=CARD(FREEC)),ICmax(SJ))];
COLDZ(S,Z,J,M)$[ORD(S)=Si AND ORD(J)=Ji AND ORD(M)=Mi
AND ORD(Z)=Zi]= 0+ )${ORD(M)>= ICminZ(S,Z,J)
AND ORD(M)<=ICmaxZ(S.2,J)];
H_J(S,J.M)$[ORD(S)=Si AND ORD(J)=Ji AND ORD(M)=M
AND COLD(S,J,M)=1] = HI(SJ) ;



*DHH  ENTHALPY CHANGE FOR HOT PROCESS STREAM ]

*DHC  ENTHALPY CHANGE FOR COLD PROCESS STREAM J

*DT  TEMPERATURE DIFERENCE BETWEEN STREAMS AT INTERVAL
*TU  UPPER TEMPERATURE OF INTERVAL

*TL LOWER TEMPERATURE OF INTERCAL

PARAMETERS DT(S,M),TU(S,M), TL(S,M), DHH(S,IM),DHC(S,J,M);

DT(S,M) = SUM((Z 1)$[HOTZ(S.ZIM)=I]X[TIHZ(S,.Z,)-TOHZ(S,Z, )]/

[IHmaxZ(S,Z,1)-IHrninZ(S,Z,1)+1]})$[HOT2(S,M)=i]+
SUM((Z,J)$[COLDZ(S,Z I M)=1],{fTOCZ(SIZ J)-TICZ(S.Z J)]!

[ICmaxZ(S,Z,J)-IcminZ(S,Z,)+1])$[COLD2(S,M)=1];

FOR(Si= 1TO CARD(S),
FOR (MCI TONINT,
TU(S,M)$[ORD(S)=Si AND ORD(M)=Mi]= {SUM((Z,1)S[HOTZ(S,Z,IM)=I
AND ORD(M)=IHminZ(S,Z )], TIHZ(S*Z,1)$[ORD(M)=IHminZ(S2Z,])])
+ SUM((Z,1)$§[HOTZ(S,Z,IIM)-IAND ORD(M)>]HminZ(S,Z,1)AND
ORD(M)<=IHmaxZz(S,Z 1)],
[TIHZ(S,Z,1)-(ORD(M)-IHminZ(S,Z,1))*DT(S,M)]$[ORD(M)>
[HminZ(S,Z,1)AND ORD(M)<=IHmaxZ(S,Z,1)])}$[HOT2(S,M)=1]
+ {SUM((Z,J)$[COLDZ(S,Z,JM)=I AND ORD(MHCminZ(S,zj)],
TOCZ(S,Z)$[ORD(M)=ICminZ(S,Z,d)])
+ SUM((Z,J)$[COLDZ(S,Z,J,M)= AND ORD(M)>ICminZ(S,Z,J)
AND ORD(M)< ICmaxZ(S,ZJ)],
TOCZ%S -(ORD(M ICmmZ(SZJ))*DT(SM)]$[ORD( )>
lc minzZ iJ AND ORD )<=1CmaxZ(S,ZX)])}$[COLD2(SM)=17;
(SM)$[ORD )-SiAND ORD( ) Mi)=
{SUM((z, I)$[HOTZ(S ZIM)=1AND ORD(M)=IHmaxZ(S,Z,1)],
TOHZ(S,Z,I)$[ORD(M):IHmaxZ(S,Z,I)])
+ SUM((Z,1)${HOTZ(S,Z,I,M)=1 AND ORD(M)<IHmaxZ(S,Z,1)

AND ORD(M)>=IHminZ(S,Z,1)],
[TOHZ(S,Z,1)*(IHmaxZ(S,Z,1)-ORD(M))*DT(S,M)]$[ORD (M )<
IHmaxZ(S,Z,1)AND ORD(M)>=IHminZ(S,Z,1)])}$[HOT2(SM)=1]

+ {SUM((z.J)S[COLDZ(S,Z,J,M)=IAND ORD(M)=1CmaxZ(S,Z,J)],
TICZ(S,Z,J)$[ORD(M)=ICmaxZ(SiZ,J)])
+ SUM((ZJ)$[COLDZ(S,Z,J;M)-IAND ORD(M)<ICmaxZ(S,.Z,J)
AND ORD(M)>=ICminZ(S,ZJ)],
[TICZ(S,ZJ)+(ICmaxZ(S,Z,J)-ORD(M))*DT(S,M)]$[ORD (M )<
ICmaxZ(S,Z,J)AND ORD(M)~-|(:minZ(S,7J)]))$[COLD2(S,M)-I];
FOR(le=T TO CARD(FREEH),
DHH(S,I,M)$[ORD(S)=Si AND ORD(M)=Mi AND ORD(I)=lc
AND HOT(S,i,M)=1]= FH(S,))*CPH(S,,M)*[TU(S,M)-TL(SM)] ;

FOR(Ji=I TO CARD(FREEC),
DHC(S,J,M)$[ORD(S)=Si AND ORD(M)=Mi AND ORD(J)=Ji
))) AND COLD(S,JM)=T]= FC(SJ)fCPC(SI.M) [TU(SM)-TL(SIM)] ;
1

{ ALLOW2MATCH ALLOWED BASED ON LMTD
*ALLOW- HEAT EXCHANGE IS PERMITTED BETWEEN HOT STREAM I AND COLD STREAM |
{ ALLOWJ | HEAT EXCHANGE IS PERMITTED BETWEEN HOT STREAM 1@ M AND COLD STREAM J
*ALLOW~C HEAT EXCHANGE IS PERMITTED BETWEEN HOT STREAM IAND COLD STREAM J@N
PARAMETER HHEAD(S,M”), CHEAD(S,M,N), LMTD(S,M N), D(S,Z,M N)

ALLOW(S,Z,1,J), ALLOW _H( ,Z,IMJ), ALLOW _C(S3ZJ,M,I), ALLOW 2(Z,13) ;

FOR(lc=I TO CARD(FREEH),

FOR(Ji=I TO CARD(FRJEEC),
HHEAD(S,M N)= (TU(S,M)-TU(S,N) + DTmin}$[HOT2(S,M) AND COLD2(SN)];
CHEAD(s’m h) = (TL(S,M)-TL(S,N)+ DTminTS[HOT2(SM) AND COLD2(SN)i ;
LMTD(S,M,N)= {[HHEAD(S,M N)-CHEAD(SM N)]

JLOG[HHEAD(S,M ,N)ICHEAD (SM N)J}$[HHEAD(S,M N)> 0
AND CHEAD(SM ,N)>0 and HHEAD(S,M,N)> CHEAD(S,M N)]
+ {[HHEAD(SM ,N)+CHEAD (SM N)]/2}$[HHEAD(SM N)>0 and CHEAD(S M N)>0
AND (HHEAD(S,M N)< CHEAD(S,M N)OR HHEAD(S,M,N)= CHEAD(S,M N))];

D(S,ZM N)= I$[{HOT2(S,M)=LAND HOT2(S,N)=I AND SUM[I$(HOT(S,IM)=I
AND FIOT(S,IN)=I),HOTZ(S,Z,IM)]=I AND SUM[I$(HOT(S,I,NH
AND HOT(ST M)=I)HOTZ(S,Z LN)]=1}
OR{COLD2(SMH and COLD2(SN )=1AND SUM[J$(COLD(S,J M)=I
AND COLD(S,]N)=1),COLDZ(S,ZJM)]=T AND SUM[J$(COLD(SJN)=I



AND COLD(S,J,M)=1),COLDZ(S.Z J,N)]=1}
OR {(HHEAD(S,M N)>=0.00001 AND CHEAD(S,M N)>=0.00001)
AND SUM[I$(HOT(S,I,M)=1)HOTZ(S,Z I M)]=I
AND SUM[I$(COLD(S,J,N)=1),cOLDZ(S,Z. I.N)=1}];

“OR {LMTD(S,M N)>0 AND SUM[IS(HOT(S,I M)=)HOTZ(S Z | M )]-!
AND SUM[I$(COLD(S,J.N)=I),COLDZ(S,ZIN)J-I};

FOR(Si= 1TO CARD(S),
FOR(Zi=l TO CARD(Z),
FOR(Ic=I TO CARIKFREEH),
FOR(Ji=| TO CARD(FREEC),
ALLOW(S,Z, )$[ORD(S)-Si AND ORD(Z)=Zi AND ORD(])=lc
AND ORD(J)=Ji]= 0+ 1${SUM[(M ,N)S[HOT(S,I,M)=1
AND COLD(SJN)=11,D( ,Z,M N)] >0
AND NOT[HU(I)AND CU(I)]T;
FOR (Mi=l TONINT,
ALLOW H(S,Z,],M,J)$[ORD(S)=Si AND ORD(Z)=Zi AND ORD(l)=Ic
AND ORD(J)=Ji AND ORD(M)=Mi

1${SUM [NS[COLD(S,J,N)-1],D(S,Z,M ,N)] >0AND NOT[HU(JJAND CU(I)]};
ALLOW_C(S,Z,J,M,I)$[ORD( )=Si AND ORD(Z)=Zi AND ORD (I)-lc

AND ORD(J)=Ji AND ORD(M)=MiAND COLD(S,J,M)=l]= 0+
IS{SUM INS[HOT(S,I,N)=1],D(S,Z,N,M)] >0AND NOT[HU(I)AND CD(J)]};

FOR(Zi=l TO CARD(Z),
FOR(lc=I TO CARIXFREEH),
FOR(Ji=l TO CARD(FREEC),

ALLOW 2(z, )$[ORD(z)=Zi AND ORD(I)=lc AND ORD(J)=Ji]= 0+
. 1${SUM[S,ALLOW(S,Z, )] >0 AND NOT[HU(I)AND CU(I)]};
I'kff()ext
VARIABLES
TCOST
PAR(Z,1)

Q(S,Z,I,M,J,N)  heat load for process-process match
QNEW_M( ,z, M)

QNEw I'n (S,Z,1,J,N)

QNEW2_M(S,Z, ,M)

QNEW2~N(S,Z, .N)

Y M(S,Z, M)
n(s,z, N)
YM B(SZ,ILM)

y“nJB(S,Z,11N)

NHEJVIO(S,Z, M)

nhelmi(s,z,iJdm)

nhelno(s,z, ,N)

NHEINI(S,Z,ILIN)

nhelmo B(S,Z, M)

NITE Mi7b(S,Z,LLM)

nhelnolb(sz, ,N)

NHET7n i7b(S,Z2,1,JN)

NHE(S,Z,1,

ALFA M(5,2,1,3M)

alfaln(S,z, ,N)

FHU(I) is FCP HU (MJ_h_C)

FCUQ) is FCPCU(MJ_h_C)

B1(S,Z,LM,J,N) X(imjn) in the paper

QH(S,Z,iM N)

QC(S,Z,J M N)

Q2(S,Z,IMJ,

X1B(,21J
X B(S K,z 1),
PAR B(K,Z,IJ
USHELL(Z, )
USHELL_B(ic,Z,I,J)
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PAR_N( ,Z1J)

DPAR_E(Z,1,J)
N1E_S(S,Z.i,i)
DELTA(Z1JRRK)
PHI(Z.IJR)

PAR_N_B(K,R,Z,1,J)

AMnfflpvt

HOTUTILITYCOST
Cold~UTILITY~COST
AreaCost
FIX COST

POSITIVE VARIABLE Q,QNEW2_M QN W2 _N,QC,QH,Q2,PAR1,PAR2,DPAR_EDPAR E_B
JPAR_N PAR_N B,AEX,AEX
PAR QNEWJV4QNEW N FiX_COST
BINARY VARIABLE NHE MO _B,NHE MI B.NIIF NO B.NIIE N1BY MY NX1BX BNHE_
JJFLTa,y m j',y_n_b nhemo,niieminhfno, nhflmlalfa7m alfan

"INTEGER VARIABLE USHELL.USHELL B

EQUATIONS
HBHU(S,I,M)
HBCU(s'j'n)
HBHS(S,I,'m )
HBCS(SJN)
TRANSFOR_M( ,Z,1,IM)
IRAN FORJ4( Z,13N)
HBHS_NI(S,7,M)
FIBCsTn I(SJ.N)
NOISOH(S,I,M)
NOISOC(Sj'n)
BINARYJVII(,Z,LIM)
BINARY~M2(5.Z.1i’'m )
BINARYJVIfB(S,Z,1,JM)
BINARY7m 2_B(S,ZJ,LM
[

BINARY N1{ ./, |
BINARYINZ(S,ZI,J’n
BINARYJ41 B( ,Z)l
BINARy In21b(S,Z,|
BINARY ~M5(
BINARY-M5h(
BINARYIm3(S,Z,I
BINARY Juid(
BINARYJV1§(

(.Z,
(8.2,
,Z,I,J,M)

$,.Z,U,
S

BINARYJVI3 B
BINARYIn5( 1N
BINARYIN5b(S,Z,I,
BINARYJ43(S,Z,1,J,
BINARYJ44(S,Z,U,
BINARy In 8(S,Z
BINARyIn9(SZ
binary"N6(s,2'i
BINARYJST7(S,Z,
BINARy7n3_B( ,ZJ,JN)
HEJ20UNtJ vI0(S,2,10)
helcountlno(sz,l,J)
HEJO IINtdm 1( 2z, )
HElcountln I( ,Z,IJ)
NEXCH(S,Z,]J9)
nexch!b(s,z,iJ)

127



- 89
msoduododiWo NonVoutocahi.  E<S Amffc



KMAXL( Z,10)
KMAX2(S.Z,1,0)
TOTALCOST
TOTNEXCHMAX
TOTNEXCHIVLIN

HOTUC
Cold~U~C
AreaC
FIX ¢

Toffléxt

% KPR relocation

FEILQJ%A ,z,i ]

*Sofflext

*HEAT BALANCE ON HEATING UTILITIES

HBHU(S,IM)$(HOT(S,IM)=1 and HU(I)and FREEH(I)and ORD(M) e NINT)..
FHU(1)*(TU(S,M)-TL(S,M)) =E= SUM((Z,N J)$(D(S,Z,M N)=1 AND TL(S,N) LT TU(S,M)
AND COLD(S,J,N)=I

AND ALLOW H(S,Z,IM J)=LAND ALLOW C(S,Z,J.N,I)=I AND FREEC(3)),Q(S.Z,I.M JN));

HBCU(S,JN)$(COLD (SJ,N):Ia d CU(@)and
FCU()*(TU(SN)-TL(S,N)) =E= SUM((Z M 1)S(D
AND HOT(SIM):I
AND ALLOW H(S,Z,IM 1)=1AND ALLOW _C( ,ZJN,)=1 AND FRLEH(1)),Q(S,ZI,M.IN));

FREEC(I) AND ORD(N) LE NINT)..
(S.ZMN)= 1 AND TL(S,N) LT TU(S,M)

HBHS(S,I,M)S(HOT(S,I,M)= AND NOT HU(I) AND FREEH(I) AND NIH(1)=0 AND ORD(M) LE NINT).
DHH(S.LM)=E=SUM ((Z,N.3)$(D(S,Z,M ,N)=1 AND TL(S,N) LT TU(S,M)AND COLD(S,I.N)=I
AND ALLOW _H( ,Z,LMJ)=] AND ALLOW _C(S,ZI.N,)=1),Q(S,Z,I.M I N));

HBCS(S,JN)S(COLD(S,J,N)=LAND NOT CU(J) AND FREEC(J) AND NIC(J)=0 AND ORD(N) LE NINT)
DHC(SJ,N)-E=SUM ((Z.M ,1)$(D(S,Z,M N)=I AND TL(S,N) LT TU(S,M) AND HOT(S,I.M)=I
AND ALLOWJI(S,Z,LM,1)=1 AND ALLOW _C( ,ZJN,)=1),0(S.Z,1M JN));

TRANSFOR _M( ,Z,ILJM)S(HOT(S,I,M)=I AND ALLOW _H($,Z,1,M J)=1
AND FREEH(I) AND FREEC(J) AND ORD(M) LE NINT)..
QNEW _M( ,zj,J,M)=E= SUM (N$(D(SA,M N)=I AND TL(SN) LT TU(S,M)



AND COLD(SJ,N)=I AND ALLOW _C( ,Z,JN,1)=1),Q(S,Z.] M JN));

TRANSFOR_N(S,Z,1,J,N)$(COLD(SJ,N)=I AND ALLOW C(S,Z,J.N,1)z=I

AND FREEH(I) AND FREEC(J) AND ORD(N) LE NINT).7

QNEW _N($,Z,1,J N)=E=SUM (M$(D(S,Z,M,N)=1 AND TL(S,
AND ALLOW _H( ,Z,IM})=IXQ(S,Z,I.M JN));

HBHS_NI( ,;,M)$(HOT(S,I,M)=I AND NOT HU(I) AND FREEH(I) AND NIH(1)=1
AND ORD(M) 1e NINT)..

DHH(S,1,M)=E= SUM((Z,N,3)$(D(S,Z,M N)=1 AND TL(S,N)LTTU(S,M)

AND COLD(S,J,N)=L AND ALLOW _H(S,Z,I,M J)=I AND ALLOW _C( ,Z,J N I)=1),

+SUM((Z,N)$(D(S,Z,M,N)=] AND HOT(S,I,N)=I AND ORD(N) GT ORD(M)),QH
-SUM((Z.N)$(D(S,Z,M N)=I AND HOT(S,I,N)=I AND ORD(N) LTORD(M)),QH(

HBCS_NI(S,J,N)$(COLD(S,J,N)=I AND NOT CU(J) AND FREEC(J)AND Nl (J)= ).
DHC(S,J,N)=E- SUM((Z.M 1) (D(S,Z M ,N)=1 AND TL(S.N) LT TU(S,M) AND HO
AND ALLOW H( ,Z MJ) LAND ALLOW C(S,Z,JN.])=1),0 (SZIM,J,N
+SUM((Z,M)S>(D (SZM N)=I A D COLD(SJM) 1 AND ORD(M) LT ORD(N )),QC
-SDM((Z,M)S(D(S,Z,M,N)=1 AND COLD(S,J,M)=] AND ORD(M)GT ORD(N)).Q

NOLSOH (S,IM)$(HOT(S,]M
SUM ((ZN)$(D(S,Z,M N)=1
=L=SUM((Z,N,J)$(D(S,Z, M ,N)=1 AND TL(S,N) LT TU(S,M)AND COLD(SJ,N)=1
AND ALLOW H(S,Z,I,MJ)=1 AND ALLOWC(S,Z.IN)=1),Q(S.Z,1.M I N));

N) LT TU(S,M) AND HOT(S,I,M)=I
)

(S.Z,1,NM))
S,Z,IM N));

)=l AND NOT HU(I) AND FREEH(I) AND NIH(I)=1 AND ORD(M) LE NINT)..
AND HOT(S,I,N)=1 AND ORD(N) LT ORD(M)),QH(S.Z,I,M N))

*EQ (10
NOIS(OC)(S JN)$(COLD(S,J,N)=I AND NOT CIJ(J) AND FREEC(J) AND NIC(J)=1
AND ORD(N)LENINT)
SUM ((Z,M)$(D(S,Z>1,N)=1 AND COLD(S,J,M)=I AND ORD(M RD(N)),QC(S,Z,J.N,M))
z SIM)=1

)JGTO
=L= SUM(( M.D$(D(S,Z,M,N)=1 AND TL(S,N) LT TU(S,M)AND HOT(
AND ALLOW_H(S,Z I MJ)=1 AND ALLOW _C(S,ZJ,N,)™),Q(S,Z,1,M I N));
*EQ (1laand 13a) Case of BLF(I,J)=0 (ij) not belonging to set B.
BINARY_M1( ,Z I M)$(HOT(S,I,M)=] AND ALLOW !I(S,Z,LMJ)=1AND B1F(Z,1J) =0

AND FREEH(I) AND FREEC(J) AND ORD(M) LENINT)..
QNEW_M(S,Z,1,LJM)-Y_M(S,Z,1,J,M)*DFIH(S,I,M)$(NOTHU(I))
-Y_M(S,Z, M)P*FMAX_HU()*DTHU(I)$(HU(1))=L=0;

M
E

*EQ (LIb and 13b) Case 0f BIF(1,J)=0 (ij) not belonging to set B

HrEAR sxxkrness MINIMUM VALUEOFQNEW M =0.0111111111
BINARY _M2(S,Z,1,J,M)$(HOT(S,I,M)=l AND ALLOWJI(S,Z,I,M J)=1AND BIF(Z 1J) =0
FREEA(I) AND FREEC(J)AND ORD(M) LENINT).. QNEW M(S,Z, ,M)-Y M(S,.Z,UM

*

*EQ (llaand 13a) Case of BIF(1,J)=1 (ij) belonging to set B
BINARY MI_B(S,Z,1,JM)$(HOT(S,I,M)=1 AND ALLOW _H( ,Z
AND FREEH(I) AND FREEC(J) AND ORD(M) LENINT)..
QNEW_M( .z, ,M)-YIVIJB(S,Z, ,M)*DHH(S,I,M)$(NOT HU(I))
-Y M_B(SZ,I,J,M)*FMAX_HU(I)*DTHU(I)$(HU(])) L=0;

A

ND

J*QLHM IN=G=0;

M ,):1 AND BIF(Z, ) =1

130

*EQ (I b and 13b) Case ofBIF(IJ (ij) belonging to set B
BINARY M2_B(S"1J,M)$(FIOT(S,I,M)= AND ALl.o  11(SZ,1,MJ)=1AND BIF(Z,1,J) =1
AND FREEH(I) AND FREEC(J) AND ORD(M) LENINT).. QNEW_M(S,Z1,JM)-Y M_B(S,Z1JM)*QLHMIN =G=0;

*EQ (12a and 14a) Case of BIF(1,J)=0 (ij) not belonging to set B

BINARY_N1( Z,1,JN)$(COLD(S,I,N)=I AND ALLOW _C(S,Z,JN,J)-l AND BIF(Z,1J) =0
AND FREEH(I) AND FREEC(J)AND GRD(N) LE NINT)..
QNLW N(S,Z, N)-Y_N( ZJJN)*DHC(S,JN)$(NOT CU(J))
Y N( .z, N)*FMAX CUQ)*DTCU()S(CU))=L-0;

*EQ (12b and 14b) Case of BIF(],J)=0 (ij) not belonging to set B
BINARY N2(S,Z,LJ,N)$(COLD(S,J,N)-I AND ALLOW__C( ,Z,JN I)=] AND BIF(Z, ) =0
AND FREEH(I) AND FREEC(J)).. QNEW_N(S,Z,ILJ,N)*y _N(S,Z,ILJ,N)*QLCMIN=G=0;
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*

*EQ (12a and 14a) Case of BLF(1,J)=I  (ij) belonging to set B
BINARY N1_B(S,Z,1,J,N)S(COLD(S,J,N}=1 AND ALLOW Jc(S,ZJ,N.I)=1AND BIF(Z, ) =1
AND FREEHO AND FREEC(J)AND ORD(N) LENINT).~
QNEW _N( ,ZL1JN)-Y_N_B( ,ZUNN)*DHC(SJ,N)$(NOT CU(J))
-y V. b(S,Z,IIN)*FMAX_CD(J)*DTCU(J)$(CU(J))=L-0;

*EQ (12b and 14b) Case of BIF(1,J)=1 (ij) belonging to set B
BINARY_N2_B(S,Z,1,JN)$(COLD(S,J,N)=I AND ALLOW _C(S,Z,JN,I)=l and BIF(Z,1J) =1
AND FREEHO® AND FREEC(J)AND ORD(N) LENINT).. QNEW_N( ,Z1JN)-Y_n3 (,Z,1JN)*QLCMIN=G=0;

*EQ (15)NOT NEEDED
* GAMS WRITES IT AUTOMATICALLY WHEN IT WRITES EQUATION (18)

BINARY M5( Z.1JM)S(HOT(S,IM)=1 A
AND ALLOW H(S,Z,IM-1.J) AND BIF(Z,
NHE MO( ,Z,1JM)=L=2-Y_

ND H
1) =
M(S,

OT(S,I,M-) AND ALLOW _H( ,Z,1.M J)=1
0 AND FREEH(I) AND FREEC(J)AND ORD(M) LE NINT)
ZJIM)-Y _M(S,Z,1,IM-1):

*EQ (17) 1S IN REALITY NOT NEEDED, BUT WAS ADDED TO ENFORCE K=0 WHEN Y=0
*AND HOT(S,I,M-I) AND ALLOW _H( ,Z.ILM-1,J)AND ALLOW _I1(S,Z,1 M 1)zl
* AND ALLOW _H(S,Z,J,M J)=I

BINARY_M5b(S,Z,I,J,M)$(HOT(S, ) M)=IAND ALLOW _H( ,Z,IM J)=LAND BIF(Z,1J) =0
AND FREEH(I) AND FREEC(i) AND ORD(M)LE NINT).. NHEMO(S,Z,1.0,M)=L=Y M( ,Z1IM);

ITTURNS OUT THAT THIS EQUATION ONLY FORCES THE VALUES OF K TO BE ZERO
WHEN Y -0, WHICH HAPPENS NATURALLY IF ONE IS MINIMIZING THENUMBER OF
EXCHANGERS OR BECAUSE THE FIXED COSTS ARE BEING MINIMIZED.

* EVENIFNOT DRIVEN TO ZERO BY THE OBJECTIVE FUNCTION IT ISHARMELESS.
*HOWEVER, ITTURNS OUT THAT ITCOULD MAKE EXTENSIONS OF THE MODEL HAVE

* PROBLEMS. SO, ALTHOUGH THE EQUATION ISNOT NEEDED, ITGIVES SOME EXTRA VALUES
%0F K WHEN THEY DO NOT REALLY MATTER.

EE

*EQ (18)

BINARY M3( ZLIM)$(HOT(S,I,M)=I

AND FREEH(I) AND FREEC(J)AND ORD(M) LE NINT)..
NHE_MO(S,Z,1,JM)=6G=Y_M(S,Z,1LIM)-Y M(S,Z,1,IM-)$(HOT(S,IM-I)
* AND ALLOWJH(S.Z,IM-1.3)) :

AND ALLOWJI(S,Z,IM J)=1 AND BIF(Z.LJ) =0

*EQ(19)

BINARY M4( ,Z,1,JM)S(HOT(S,I,M)=I AND HOT(S,I,M-I) AND ALLOW H( ,Z.L J)-I
AND ALLOW H(S,Z,M-1J) AND BIF(Z, ) =0 AND FREEH(I) AND FREEC(J) AND ORD(M) LE NINT)..
* NHE_MO(S,Z,1,M)=G=0;

*EQ (20)NOT NEEDED
4 GAMS WRITES IT AUTOMATICALLY WHEN IT WRITES EQUATION (18)

BINARY M§( Z,l
AND ALLOW H
NH

JIM)I(HOT(S ,,M) I AND HOT(S,I,M+l) AND ALLOW H( Z,I,M J)=I
(S.Z,M+1,J) AND BIF(Z,1,J) =0 AND FREEH® AND FREEC(J) AND ORD(M) LE NINT)..
E ML(,ZLIM)=L=2-Y M( Z1IM)-Y_M( Z,1LIM+L);
*EQ (22) . ORIGINALLY NOT NEEDED, BUT ADDED TO ENFORCE K=0 WHEN Y=0
*  AND HOT(S,LM-i) AND ALLOW H( ,Z,I,M-1J)
BINARY M9(S,Z,LJM)$(HOT(S,I,M)=IAND a LLOW H (s,z.1,M j)=1an D BIF(Z,1,J) =0
AND FREEH(I)AND FRIEEC(J) AND ORD(M) LE NINT)..
NHE M1(SZ1JM)=L=Y M(S.ZIIM);

* SEECOMMENTS ON EQUATION (17)

BINARY M6(S,Z, ,,M)$(H0 (S,I,M)=1 AND ALLOW H(S,Z,LM
AND FREEH® AND FREEC(J)AND ORD(M) LE NINT).. NHE_M
S(HOT(S,IM+I)AND ALLOW I[(S.Z.I.M+1J

J)=1 AND BIF (z, J) =0
1 ,Z,LIM)=G=Y_M( z, M)-Y_M( ,ZLIM+I)

)

MJ)=1
N

BINARY M7( Z,,JM)$(HOT(S,I,M)=I AND HOT(S,,M+1) AND ALLOW J-1( ,Z1
D ) AND ORD(M) LENINT)..

AND ALLOW H( ,Z,IM+1,J) AND BIF(Z,1.J) =0 AND FREEHO AND FREEC(
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NHEMI(S,2.1JM)=6=0;

BINARY M3_B(S.Z!1J

M)$(HOT(S,M)=T AND ALLOW H(S,Z,LM J)=I AND BIF(Z, ) =1
D FR

z
AND FREEH(I) AND FREEC(J)AND ORD(M) LE NINT).
Y M B(S,Z,Ij,M) =E=SUM(0$(HOT(S ],0)=T AND ORD(0) LE ORD(M)
AND ALLOW_H(SZ,IO,J) 1)NHE_MO _B( ,Z,]J,0))
-SUM (08$(H0F( 1,0)=1 AND ORD(0) LE [ORD(M)-I]
AND ALLOW _H(S,Z,1,0)=1)NHE M1 _B(S,Z,1,J,0));

*EQ (26) NOT NEEDED
* GAMS WRITES ITAUTOMATICALLY WHEN IT WRITES EQUATION (18)

BINARY N5( ,Z,1.J,N)$(COLD(S,J,N)=] AND COLD(S,J,N-I) AND ALLOW _C(S,Z,J.N, 1)zl
AND ALXOW C(S,ZJ N-11)AND BIF(Z, ) =0 AND FREEH(I) AND FREEC(J) AND ORD(N) LE NINT)..
NHE NO( ,ZLIN)=L=2-Y N( z, N)-Y_N(S.Z, N-I);

*EQ (28) NOT NEEDED, BUT ADDED TO ENFORCE K=0 WHEN Y=0
* ~ AND COLD(S,J,N-I) AND ALLOW C( ,ZJN 11)
BINARY N5b(S,Z, ,N)$(COLD(S,J,N)=I AND ALLOW _C(S,ZJN,I)=1 AND BIF(Z, ) =0
AND FREEH(I) AND FREEC(J))..
NHE NO( z, N)=L=Y N(S.Z,LLIN);

* SEECOMMENTS ON EQUATION (17)

BINARY N3( ,Z,1J,N)S(COLD(S,J,N)=I AND ALLOW C( ,Z,JN,1)=1 AND BIF(Z,1J) =0
AND FREEH(I) AND FREEC(J) AND ORD(N) LE NINT) .
NHE NO( ,Z1JN)=G=Y N(S,Z,1LIN)-Y N (SZ,I,J,N-l)

$(COLD(S,J,N-1) AND ALLOW C( ,ZJN-1.1));

BINARY N4(S,Z,LJN)$(COLD(S,J,N)=I AND COLD(SJ,N-I) AND ALLOW C( ,Z,IN,I)=1
AND ALLOW C( ,ZJN-11)AND BIF(Z, ) =0 AND FREEH(I) AND FREEC(J) AND ORD(N) LE NINT)..
NHE NO( z. N)=G=0;

*EQ (31) NOT NEEDED
GAMS WRITES IT AUTOMATICALLY WHEN IT WRITES EQUATION (18)

BINARY N8(S,Z, | )$(COLD(S,J,N):I AND COLD(S,J,N+I) AND ALLOW C(S,Z IN 1)=)
AND ALLOW ( JN+11) AND BIF(Z, ) =0 AND FREEH(I) AND FREEC(J) AND ORD(N) LE NINT).
N1 ZLIN)=L=2-Y N(S.ZLIN)-Y_N(,Z, N+1);

*EQ (33) NOT NEEDED BUT ADDED TO ENFORCE K=0 WHEN Y=0
*  AND COLD(S,J,N-I) AND ALLOW C(S,Z,JN-11)
BINARY N9(s7z, ,N)$(COLD(SJ,N)=I AND ALLOW C( ,Z,JN,I)=IAND BIF(Z,1,J) =0
AND FREEH(I)AND FREEC(J) AND ORD(N) LE NINT)..
NHE N1(,ZIJN)=L=Y N( Z,JIN);

* SEECOMMENTS ON EQUATION (17)

BINARY N6( z, ,N)S(COLD(SJ,N)=I AND ALLOW C( .Z,JN,)=1 AND BIF(Z, ) =0
AND FREEH(I) AND FREEC(J)AND ORD(N) LE NINT)..
NHENT( ,Z,1JN)=6=Y N( ,Z,LIN)-Y_N( Z,1IN*1)

$(COLD(S,JN+1) AND ALLOW C(S,ZJ.N+11));

BINARY N7(S,Z,1,J,N)$(COLD(SIN)=I AND COLD(S.JN+1) AND ALL.OW (:(S.Z.I,N.1)=]
AND ALLOW C(S,Z,J,N+LI) AND BIF(Z]J) =0 AND FREEH(I) AND FREEC(J) AND ORD(N) LE NINT)..
NHEN I( Z,1JN)=6=0;

BINARY N3 B(S,Z,1J,N)$(COLD(S,J,N)=I AND ALLOW _C(S,ZJN )=l AND BIF(Z,1,J) =1
AND FREEH(I)AND FREEC(J) AND ORD(N) LE NINT)..
E= (

Y N B(S,Z,1,JN)=E=SUM (0$(COLD(S J,O)AND ORD(0) LE ORD(N)
AND ALLOW C( ,2,J,0, I))NHE_NO B( ,,J )) - SUM (0$(COLD(S,3,0) AND ORD(0) LE
ORJD(N)-| AND AIILOW _C( ,Z,i,0,)),NHE_NI_B(S,Z,1,J,0));



HE COUNT_MO(S,Z LI)$(ALLOW (S,Z,1.J)=1 AND FREEH(I) AND FREEC(I))..
NHE(S,Z )=E=SUM(MS$(HOT(S,LM)=1 AND ALLOW H(S,Z,I,M I)=1 AND BIF(Z
NHE_MO_B(S,Z, M)+ M

A)= ) =1,
(MS(HOT(S,IM)=I AND ALLOW _H(S,Z,IM J)= )=y
AND BIF(Z Ij) =0),NHE_M0(S.Z, ,M));

*EQ (38)

HE_COUNT_NO( ,Z, )$(ALLOW(S,Z,1JH AND FREEH(I) AND FREEC(J))..
NHE"™(S,Z,11)=E=SUM<NS$(COLD(S,I,N)=I ANDALLOW _C(S,Z,I.N )=l ANDBIF(Z, ) =1),
+ SDM(NS(COLD(SJ,N)=1 AND ALLOW _C(S,Z,IN ])=I AND BIF(Z, ) =0).

NHE_NO( z, N));

HE_COUNTJVLI( Z,I1)$(ALLOW(S,Z,1,3)= 1AND FREEH(I) AND FREEC(J))..
NHE(S,Z,1iy=E=SUM (M$(HOT(S,IM)=1 AND ALLOW H(S,Z,I,M,1)=1 AND BIF(Z, ) =1),
NHE M 1B(S,Z, M)+ M(MS$(HOT(S,LM)=] AND ALLOW H(S,Z,IM I)=1

AND BIF(Z.LJ) =0), NHEM 1(S,z, ,M));

HE COLTNT N 1(S,Z,1,3)$(ALLOW(S,Z, )=1 AND FREEH(I) AND FREEC(J))..
NHE(S,Z,1,J)=E=SUM (N$(COLD(S,J,N)=] AND ALLOW _C( ZJN,I)=1 AND BIF(Z,1J) =1),
NIE_N1_B( ,Z,IIN)) + SUM(N$(COLD(S,J.N)=I AND ALLOW C($,Z,J.N,I)=1
AND BIF(Z, ) =0), NHE_N1( Z, N));

*EQ (41)

NEXCH(S,.Z,1,J)$(ALLOW (S 1,J)=1 AND BIF(Z,1J) =0 AND FREEH (i)
AND FRELC(J)) NHE(S,Z,1J)=L-1

NEXCH B( ,

ZI)$(ALLOW(S,Z, )=1 AND BIF(Z,1.J) =1 AND FREEH(I)
AND FRHEC(J))'NHE(S.Z,1,0)=L-K MAX(Z, ) ;

BIF 1(S.Z, ,MN)$(D(S.Z,M N)=1 AND TL(S,N) LTTU(S.M) AND HOT(S,I,M)=I

AND COLD(S,J,N)=I AND

ALLOW 1i(S,Z,I,M 3)= AND ALLOW C(S Z]N,)=LAND BIF(Z, ) =1 AND FREEH(I)

AND FREEC(J)AND ORD(M) LENINT AND ORD(N) LE SINT)

SUM(L$(D(S,Z,L,N)=1AND ORD(L) LE ORD(M) AND HOT(S.],L)=I

ANDALLOWJHI( ,Z,LL,J)=1),

QNEW _M(S.Z,1,J,L)) - QNEW2JV1(S,Z LI M) =L=
SUM (0$(D(S,Z,M,0)=1 AND ORD(0)LE ORD(N) AND COLD(S,J,0) AND ALLOW _C( ,ZJ,0,1)),
QNEW _N( ,Z,1,J,0))- QNEW2_N( ,Z,1JN)

+B1( ,zXm JN) *4* max(SUM (L$(D(S,Z LN

)=] AND ORD(L) LE ORD(M)
AND HOT(S,I,L)=I AND ALLOW_H(S L J)=1).DHH(S,ILL)),

SUM (08(D(S,Z M 0) AND ORD(0) LHORD(N

AND COLD(S,J,0) AND ALLOW _C(S,Z,3,0,1)),DHC(S,3,0)));

*EQ (44)

=] AND

ALLOW _H(S,Z,I.M J)=I AND ALLOW C($.ZJ,N,I)=LAND BIF(Z.1J) =1 AND FREEH(I)
AND FREEC(J)AND ORD(M) LENINT AND ORD(N) LE NINT)..
SUM (L$(D(S,Z,L,N)=1AND ORD(L) LE ORD(M) AND HOT(S.I,L)=I
AND ALLOW _H( ,Z,1.LJ)=1),
QNEW _M( 271,J,L))-QNEW2_M( Z.1JM
SUM (08(D(S,Z,M 0>=1 AND ORD0)LE ORD(

D
QNEW _N(S$,Z,1,1,0)) - QNEW2_N(S,Z, .N)

-B1(,Z,I,M,IN) *4* max(SUM (L§(D(S,Z,L,N)=1AND ORD(L) LE ORD(M)

AND HOT(S,I,L)=1AND ALLOW H(S,Z,LL,IM ),DHH(S IL)),

SUM (0$(D(S,Z,M,0)=1 AND ORD(0) LE ORD(N) AND COLD(S,J,0)
AND ALLOW _C(Z,3.0,1)).DHC(S.3.,0));

BIF 2( ,Z,1JM N)$(D(S,Z,M ,N)=1 AND TL(S,N) LT TH(S,M) AND HOT(S,LM)-I
AND COLD(SJ,N)=

): =

N)AND COLD(S,3,0) AND ALLOW _C( ,Z,3,0,1))
Z,
ZL
YA
E

BI73(s|z,1,J

M N)$(D(S,Z,M N)=I AND TL(S.N) LT TU(S,M) AND HOT(S 1.M)=1
AND COLD(S,iN)=1 AND ALLOW _H(S,Z,IM J)=| AND ALLOW C(S Z IN,I)=1
AND BIF(Z,1,J) =1 AND FREEH(I) AND FREEC(J)AND ORIWM) LE_NINp

BI( ,Z,1M IN)=E=2-0.25* SUM(L$(D(S,Z.L,N)=1 AND ORD(L) LE ORD(M)
AND HOT(S,].L)=T

= )
AND ALLOWJI(S,Z,LL.J)=I)NHE_MI*B(S,Z,1,J L))



+0.25 *SUM (0$(D(S,Z,M 0)=1 AND ORD (0)LE ORD(N) AND COLD(S,J,0)
AND ALLOW C(5,2,3,0])),NHE_NI_B(S,Z,I, 10))
-NHE_M1B(S-Z.I.EM)-NHENT_B(S,Z.1J.N);

BIF_4(S5,Z,1,J,M N)$(D(S,Z,M N)=1 AND TL(S,N) LT TU(SIVI) AND TL(S,N) GE TL(S,M)
AND HOT(S,IM)=i AND COLD(S,J,N)=I AND ALLOW H(S,Z,I,M J)-I
AND ALLOW _C(S,Z,J,N,1)=I AND BIF(Z,1,J) =1 AND FREEH(I) AND FREEC(J) AND ORD(M) LENINT

AND ORD(N)).

SUM(L$(HOT(S,I,L) | AND ORD(L) LE ORD(M) AND

ALLOWJH(S,Z,I,L )=I)NHE_M1_B(S,Z,1,IL))

-SUM (0$(COLD(S,3,0)and 5rD(0)LE ORD(N) AND ALLOW _C(S,Z,J,0.1)),
NHE N] B(S.Z, ,0))=6=0;

BIFJ 1( ,Z,1JM)$(HOT(S,I.M)=I AND ALLOW H(S.Z,I M J)=1 AND BIF(Z, ) =1
AND FREEH(I)and FREEC(J)AND ORD(M) LENINT)..
SUM (0$(HOT(S,1,0)=1 AND ORD(O) LE ORD(M) AND ALLOW _H(S,Z,1,0.3)=1),
NHE MO B( z, ,0)-NHE_M 1B(S,Z,13,0))=L=

BIF_12( .Z,IJ,N)$(COLD(S,JN)=1 AND ALLOW C( .ZJN1)=1 AND BIF(Z.LJ) =
AND FREEH(I)AND FREEC(J)AND ORD(N) LE NINT)..
SUM(OS(COLD(SJ,0) AND ORD(O) LE ORD(N) AND ALLOW C( ,Z,3.0.])),
NHE NO_B( Z,1J,0)-NHE N1 B(S.Z,1J,0)=L=1;

*EQ (49)
BIF_6( ,Z,1,JM)S(HOT(S,I,M)=l AND ALLOW H( Z,IM J)=I AND BIF(Z,1J) =
AND FREEH (I) AND FREEC(J)AND ORD(M) LE NINT)..

QNEW2 M( ,z, ,M)=L=QNEWM(S.Z.UM);

BIF_9( 1Z,1LIM)$(HOT(S,IM)=1 AND ALLOW _H(S,ZJ.M J)-1 AND B)F(Z, ) =1
AND FREEH(I)AND FREEC(J) AND ORD(M) LE NINT)..
QNEW2 M ( ,Z1JM)=L=NHE M0 B( z, ,M)*DHH(S]M);

BIFA5( 1Z,1J,M)$(HOT(S,|M)=IAND ALLOWAH(S,Z,1.M .J)=1AND BIF(Z, ) =1
ANDFREEH(I)ANDFKJEEC() ND ORD(M) LE NINT)
QNEW2JV1( ,Z,13 M) =L=NHE M1 B(S,Z,1,J,M)*DHH(S,1,M);

*EQ (52) NOT NEEDED. THE VARIABLE ISDECLARED POSITIVE

BIF_8( ,Z,1J,N)S(COLD(S,J,N)=I AND ALLOW C(S.Z,IN,I)-1 AND BIF(Z,1J) =
AND FREEH(I) AND FREEC(J)AND ORD(N) LENINT)..
QNEW2 N( ,ZLIN)=L= QNEWN(S,Z,1.J.N);

BIF_10(5,Z,1,JN)$(COLD(S I,
AND FREEH(I)AND FREEC(J
QNEW2 N( .Z,LIN)=L

)=1 AND ALLOW C( ,ZJN,)=1 AND BIF(Z, ) =1
)AND ORD(N) LENINT)..
=L= NHE_NO _B(S,Z,1JN)*DHC(S IN);

BIF_7(S,Z,1.J,N)$(COLD(S,JN)=I AND AI.LO  C( .Z.JN.1)1 AND BIF(Z,1J) =1
AND FREEH(I) AND FREEC(J) AND ORD(N) LE NINT)..
QNEW21n (5,2, N)—L—NHE_NI B( ,Z, N)*DHC(S,JN);

¥Q (56) NOTNEEDED. THE VARIABLE ISDECLARED POSITIVE

FEASIVI_01( .Z,1JM)$(HOT(S,I,M-I) AND HOT(S,IM)=I AND ALLOW H(S Z,I,M J)=1
AND ALLOW H( ,Z,)M 1J)AND BIF(Z,1,J) =0 AND SPH(])=] AND FREEH(I)
AND FREEC(J)AND ORD(M) LE NINT)..
ALFA_M( .Z1JM)=L=1-NHE_MO( ,Z,13,M-1)-NHE_M0($,Z.1.J,M);
FEAS M 01 B( Z,1.J, )$(HOT(S IM-1) AND HOT(S,I,M)=I AND ALLOW H(S.Z IM ])=1
AND ALLOW !1(S,7 I M--1,J)AND BIF(ZTJ) =1 AND FREEH(I) AND FREEC(J) AND ORD
ALFA_M( Z1JM)=L=]-NHE_ m 6 _B( ,Z,lJM-1)-NHE_MO0_B(S,Z,1,JM);

(M

) LENINT)..



FEAS M _02( Z,1JM)$(HOT(S,J,M-1) AND HOT(S,I,M)=1 AND ALLOW _H( ,[.IMJ)=1
AND ALLOW _H(S,Z,IM- 1J)AND BIF(Z,1J) =0 AND SPH{I>-1AND FREEH())
AND FREEC(J) AND ORD(M) LE NINT).
ALFA M(SZIJM)L NHEM 1( ,ZJI,M-)-NHEVL]( 2, ,M);
FEAS M 02 B(s7z, , )(HO (s - JAND HOT(S,I,M)=I AND ALLOW H($,ZJ,M J)=1
AND ALLOW H(S.Z IM-1J) AND BIF(Z, ) =L AND FREEH() AND FRIHC'G»
ALFalm (S.Z,1JM)=L=1-NHEJV1L B(S Z, ,M-l)-NHE_Ml_Bz o M);

FEAS M _03(S.Z, ,M)$(HOT(S,I.M-I) AND HOT(S ], )=l AND ALLOW H ($,Z.IMJ)=)
AND ALLOW H( ,Z,IM-1 J)AND BIF(Z, ) =0 AND SPH(I)=1 AND FREEH(I)
AND FREEC(J)AND ORD(M) LE NINT)..

ALFA_M(S.Z, M)=G=YJIVI(S,Z, JVI)-NHEIVIOS,Z, ,M-1)-NHE_MO(S.Z,]J.M)-

AND ALLOW _H(S

H(S.ZIM I,J)AND BIF(Z, ) =1 AND FREEH(I) AND FREEC())
ALFA_M( ,Z,” M)

, )..
G=Y M _B(S*1,J,M)-NHE_MO B( Z,1JM-1)-NHE_Molb (S*;,1J,M)
“NHE M1 B(S,Z,1LIM-1-NHE Nil B(S,Z,1JNI)j

z

H

FEAS_M _04(S,Z,1LJM)$(HOT(S,I,M-1) AND HOT(S |,
AFLOWJ [( J,IM-1J)AND (BIF(Z, ) =1 OR SPH(I)

AND FREEC(J) AND ORD(M) LE NINT)..
ALFA_M(S,Z,1.J,M)=G=0;

AND ALLOW H( Z,IMJ)=1 AND

M)=I
ll)AND FREEH(I)

FEASM 2(SZ, ,M)S(HOT(S,I,M-1) AND HOT(S,I,M)=] AND ALLOW _H( ,Z,IMJ)=1
AND ALLOWJI(S,Z,1,M-1,J) AND SPH(I)=1 AND FREEH(I) AND FREEC(j)

AND ORD(M)LE NINT)..
QNEW _M( .z, M)I(CPH(S,I,M)*(TU(SM)-TL(S,M)))=L=
QNEw i m (5,255, M-1)/(CPH (S,I,M -1)* (TU(S,M -1)-TL (,M-1)))
+(1-ALFA_M(S,Z,1,J,M))*DHH(S,I.M)/ (CPH(S,I,M)*(TU(S.M)-TL(S,M)));

OT(S,,M)=] AND ALLOW H(S,Z,IM.J)=!

FEASM 1( .z, M)$( ) H ;
, D SPH(I)=1 AND FREEH(I) AND FREEC(J))..
).
H

AND ALLOW H(S,Z,
QNEW M(S,Z, M)
+(1-ALFa2m (5,Z,1,] M

)
))* (SJVM)(TU(SM) (SYM)))
=G= QNEW _M( ,z,

FEASIVL3(S,Z,1.JM)$(HOT(S,,M-AND HOT(S,I,M)=l AND ALLOW H(S,Z IM,J)=1
AND ALLOW H(S.Z,I.M-LJ)AND BIF(Z, ) =0 AND SPH(I)=1 AND FREEH(I)

AND FREEC(J)AND ORD(M) LE NINT).

-QNEW _M(5,Z,1,J M-1)/(CPH(S,I.M- 1)( U(S,M )TL(S,M-l)))

!
+ QNEWAM(S,Z,1,I,M)/(CPH(S,1,M)*(TU(S,M)-TL(S,M)))

+(1+ NHE M1(,Z1,JM-1)+ NHE_ Ml(S,Z,I,J,M) NHE_MO(S,)., M-1)
*DHH(Si7m )/(CPH(S,,M)*(TU(S,M)-TL(S,M)))*LO00oT =G = 0;

*EQ (64

FEcl)\é_l\zle(S,Z M)$(HOT(S,I,M-[) AND HOT(S,I,M)=I AND ALLOW H(S,Z IM,J)=1
AND AJjLo\V_H( ,Z.LM-I,J)AND BIF(Z, ) =0 AND SPH(I)=] AND FREEH(I)

AND FREEC(J) AND ORD(M) LE NINT)..
~QNEW _M(S,Z,1,J.M)/(CPH(S:LM)*(TU(S,M
+ QNEW=M( 2z, M-DI(CPH(S,I,M-1)*(TU(S,M-1)-TL(S,M-1)))
$(1+ NHE_MO(Sil,J.M-1)+NHE_MO(S,Z,1,JM)-NHE_M 1( ,Z,1J.M))
*DHH(ST7m )/(CPH(S,1,M)*(TU(S,M)-TL(S,M)))* 1.00001 =G = 0;

)-TL(SM)))

FEAS M 3B 2( .z,
ANDALLOwLn(S,Z,
AND FREEC(J) AND
QNEW M(S,Z,
QNEw Im (8,2,
+(1+NHE_M1 B
*DHH(SIM)I(C

M)$(HOT(S,I,M-[) AND HOT(S,I,M)=l AND ALLOW H(S,Z,I M J)=1
M-1J)ANDBIF(Z,1,J) =1 AND SPH(I)=1 AND FREEH(I)

RD(M) LE NINT)..

M-D)I(CPH(S ] M-1)*(TU(S,M-1)-TL(S,M-1)))=L=

,M)l(CPH(S,l,M) (TU(S,M)-TL(S M

$Z, M-1)+NHEJV1iJb(S.Z, ,M)-NHE_MO B(S.Z,l.IM-1))
PH(S,IM)*(TU(S,M)-TL(S,M)));

1,
0
J
(
1

FEAS M 3 BJ(S,Z,LJ.M)$(HOT(S,,M-I) AND HOT(S,I,M)=l AND ALLOW I[( ,/.,LiM J)=I



AND ALLOW H(S,Z,1,M-1,J) AND BIF(Z,1,J) =1 ANDSPH(I)=1 AND FREEH(I)
AND FREEC(JLAND ORD(M) LE NTNT)..
QNEW2 M(S Z1IM-])I(CPH(S,I,M-1)*(TU(S,M-1)-TL(S.M-1))) =L=
QNEW M(S Z,1.J,M)/(CPH(S3,M)*(TU(S,M)-TL(S,M)))*+ (2 + NHE_M1_B(S,Z,1.J.M)
NTIEMO B(S,Z1JM-1)-Y M B( z, ,M-1)

*DHH (SXM§(CPH (S, IIM)*(TU(S,M)-TL(S.M)));

FEAS M 4 B(S,Z ,M)$(HOT(S,I.M-1) AND HOT(S,,M)=I AND ALLOWH (S,Z,I,M J)=I
AND ALLOW H(S,Z, M-J,J) AND BIF(Z,1,J)=1 ANDSPH(I)=1 AND FREEH(I)
AND FREEC(j) AND ORD(M) LE NINT)..
(QNEW _M(S.Z,1,JM)-QNEW2_M(S,Z, LJM)) (CPH(S,l,M)*(TLI(S,M)-TL(S.M)))=L=
QNEW M (S,Z,13,M-1)/(CPH(STLM-1)*(TU(S,M-1)-TL(S,M-]))
+(2+ NHE_MO0_B(SjZ,1,IM-1)-NHEJVIL B(S,Z,1,JM)-Y_M
)*( L(S

L(S )
)-Y_M_B(SZ,1,IM))
“DHH(S,I,M)/(CPH(S,LM)*(TU(S,M

\ (S
J-TLESM));

FEAS_M_1 SP(.Z, M)S(HOT(S,I.M-I)AND HOT(S,IM)=l AND HOT(S,IM+])
AND ALLOWIH( ,Z,1,MJ)=1
AND ALLOW JI(s'z I M-LJ) AND ALLOW H(S,Z,IM+1J)AND BIF(Z;lJ) =
AND FREEH(I) AND FREEC(J) AND ORD(M )LENINT) QNEW M(S,Z,13M
NHE_MO(S,Z, M)+NFIEML( 2, ,M))*DHH(S,1M);
FEAS MJ_SP_B( z7 ,M)$(HOT(S,I,M-)AND HOT(S,I.M)=I AND HOT(S.I.M +])
AND ALLOWT7h (S,Z,I,M,J)=1
AND ALLOw 7h (S,Z,IM-1,J)and ALLOW_H( ,Z,IM+1J)and B)F(Z, ) =] AND SPH(I)=0
AND FREEH® AND FREEC(J)).. QNEW_m7s,Z,UM)=G=(Y_M_ B(S,Z,1J.M)-
NHE M0 B( Z,I,JM)+NHe7m 0B(S,.Z, ,M))*DHH(SIM);

0 AND SPH(1)=0
)=6=(Y M(S,Z, M)

FEAS_N_01(S,Z,1,JN)$(COLD(S,J,N-1) AND COLD(S,J,N)=I AND ALLOW C(S,Z,J\N,I)=]
AND ALLOW 7¢( ,ZJN-LI)AND BIF(Z, ) =0 AND SPC(J)=1 AND FREEH ()
AND FREEC(J)).
ALFA_N( ,ZILIN)=L= ]-NHE_NO( .z, ,N)-NHE_NO( Z,1,I,N-1);
FEAS_N_Oi7b (572 ,1,J,N)$(COLD (SI,N-1)and COLD(SJINI and ALLOW C( ,ZJN,)=L
and ALLOwT7¢(S,ZJN-L1)and BIF(Z, ) =1 AND FREEH(I)AND FREEC(j).
ALFa7n(S,Z, N)=L=1-NHE No7b (S, JJ,N)}-NHE_NO B( Z,1JN-1);

FEAS_N_02(S,Z, ,N)$(COLD(S,JN-I)AND COLD(SJ,N)=I AND ALLOW C($,Z,I.N,1)=1
ANd7alLOW _C(S,ZJ,N-11)AND BIF(Z,1,J) =0 AND SPC(J)=1 AND FREEH())
AND FREEC(J)).

ALFA N(S,Z1JN)=L=1-NHE_N1(S$,Z,LJ,N)-NHE N1(5,Z,1,J N-1);
FEAS_N_027b(S,Z, ,N)S(COLD(S,JN-i7aND COLD(S,JN)=l and ALLOW _C(S.Z JN I)=I
AND ALLOW _C(S*J,N-II) AND BIF(Z, ) =1 AND FREEH(I) AND FREEC(J)).

ALFA7n (5,2, 1JN)=L=1-NHeTn 1_B(S,Z,1J,N)-NHE_N'I|_B(S,Z J.JN-i);

FEAS_N_03(5,Z,1,J,N)$(COLD(S,J,N-1) AND COLD(S,J,N)=I AND ALLOW _C( ,ZJN,I)=1
AND ALLOw7¢(S,Z,7n-LI)AND BIF(Z, ) =0 AND SPC(J)=1 AND FREEH(I)
AND FREEC(J))..

ALFA_N( z, N)=G=Y_N( .z, ,N)-NHE_NO( .z, , ) NO(S,Z, N-I)

| 1i,N 1),

N)=I AND ALLOW _C( ,ZJN,I)=1
REEH(I) AND FREEC]])).
Z1,JN)-NHE_NO_B(S,Z,I,J,N-1)
SZ]JN-1);

AND ALLOW C(S,
ALFA_N($,Z,TJN)

FEAS_N_04(S,Z, N)$(COLD(S,J,N-I)AND COLD(S,J,N)=I AND ALLOW _C( ,ZJN,I)=1
AND ALLOW C(S,Z,JN-1,1) AND (BIF(Z,],J) =1 OR SPC(J)=1) AND FREEH (i)

AND FREEC(J))..
% ALFA N(S,Z,1J,N)=G=0;

FEAS_N_2( 27 NJS(COLD(S,J,N-) AND COLD(SJN)=I AND ALILOW C(S.ZJ.N )=l
AND A~ X) d '11ANDSPC(J)1ANDFREEH()ANDFR c@y

QNEW _ N( z7|JN)lCPC(SJN) (TO(S.N)-TL(SN)))=L=QNEW N( £, ,N-1)
I(CPC(S,JN-1)

*(TU(S.N-I)-TL(S,N-)))+(I-ALFA (s Z,LN))*DHC(S,I.N)/

* (CPC(SIN)*(TU(S.N)-TL(S,N)));




LD(S,JN- 1)AND COLD | ND A $,Z.IN])=1
AND .
JT\) W{)“ )
MFDHC(S.IN)
I(CPC(SINj* (TU( ( SN))=G=QNEW N( z, N-I)/
c C(SJIN-D*(TU(SN- ) L(S.N- )))

FEAS N 3(5,Z,1 J,N)$(COLD(SJ,N-I) AND COLD(SJ,N)=1 AND ALLOW C(S,Z,J N I)=1

AND ALLOW C(5,Z jN-L1) ANDBIF(Z, ) =0 AND SPC(J)= LANDFREEH ()

AND FREEC(J)).
|

-QNEW _N( ,Z,1LIN-1)I(CPC(S,J,N-1)*(T (s, -1)-TL(SN-1)))
+QNEW~N(S,Z,I,J,N)(CPC(S,J,N)*(TU( N)-TLSN))+(ENHENT( z, N-1)
sNHENL( 2z, N)

NHE_NO(S,Z, LI N-L))*DHC(S,IN)ICPC(S,3N)*(TU(S,N)-TL(S,N))*I 00001 =G =0;

FEAS N _4(S.Z, N)$(COLD(S,J,N-I) AND COLD(SJ,N)=I AND ALLOW _C( ,Z.JN,I)=1
AND ArLoW_C(S,Z.J.N-11) AND BIF(Z]J) =0 AND SPC(J)=1 AND FREEH(I)
AND FREEC(f))..
-QNEW _N(S,Z, ,N)/(CPC(S,J,N)*(TU(S,N)-TL(S,N)))
+QNEWN(S,Z, N-I)I(CPC(SIN-1)*(TU(S,N-1)-TL(S,N-1)))
HI+NHENO(S,Z, N-I)
+ NHE_NO(S,Z,1,JN)-NHE_N1( ,Z,1,JN))*DHC(S JN)/
(CPC(SIN)*(TU(SN)-TL(S,N)))* 1.00001 =6 =0;

FEAS N_3 B_2(S.Z,
AND ALI0W C(S,Z,J
AND ALLOWIC(S,Z,J

AND FREEC(jj)

N)$(COLD(S,JN-1) AND COLD(S,J,NH
N=1
N-1,I) AND BIF(Z, ) =1 AND SPC(J)=1 AND FREEH())

-QNEW _N( .z, N-)ICPC(SJIN- |)( U(SN-1)-TL(SN-1)))

+QNEwTn (S,Z,LIN)I(CPC(S,IN)*(TU(S.N)-TL(S.N)))

(1 + NHE_N1 B(S,Z, ,N-])* NHEJ41 B(S.Z, N)-NFLIE_NO_B( ,Z1JN-1)
*DHC(S,J.N)I(CPC(S,JN)*(TU(S,N)~TL(SN))=6=0;

FEAS_N_3.B_](.Z]JN)$(C
AND AL16 w C(SZJ‘N‘l)
AND ALLOwIC(S,Z,J,N-1
AND FREEC (jj)..
s,

-QNEW2_N(S,Z, N-1)/(CPC(S,JN-1)%(T U(, 1)-TL(S.N-1)

+QNEW N( ,Z,1LIN)(CPC(S,IN)*(TU(S,N)-TL(SN)))*+(2 + NHE_N 1JB(S,Z,1,IN)

-NHEANOJRS.Z, N-)-Y_N_B(S,Z, N-1))
*DHC(S,7,N)/(CPC(S,J.N)*(TU(S,N)-TL(SN)))=G=0;

*EQ (79)

FEAS_N_4_B(S,Z, ,N)$(COLD(S,JN-1)AND COLD(S,J,N)=I AND ALLOW C(S,ZJN,I)=1

AND ALLOW C( ,ZJN-1) AND BIF(Z, ) =1 AND SPC(J)=1 ANDFREEH(I)

AND FREEC(J))..
(QNEW _N( ,z, N)-QNEW2.N( .z, N)/ICPC(S,JN)*TU(SN)-TL(SN))
FONEW N( 2, oN-1)/(CPC(S,IN-1)*(TU(S,N-1)-TL(SN-1))
+(2+ NHE NO B(S,Z, ,N-1)-NHE N1B(S.Z, ,N)-Y_NJB(S,
~ *DHC(S,JN)I(CPC(S,iTN)*Cnd(S,N)-fL(S.N)))

FEASN 1_s (5.2, N)$(COLD(S,J,N-I) AND COLD(S,J,N)=I AND COLD(S J,N+1)AND
ALLOWT7C(S,ZJN,)=1 and ALLOW C( ZJN-I1)and attow C(S,ZJN+LI)
AND BIF(Z, ) =0
AND SPC(J)=0 AND FREEH(I) AND FREEC(J)).. QNEW _ N( ZIJIN)=6=

(Y_N(si, J,N)NHE_NO(S,Z,1J,N)-NHE_NI(S,Z,1J,N)j*E)H C(S,I.N);

FEAS_N_I SP_B(S N)$(COLD(S,J,N-I) AND COLD(SJN)=1 AND COLD(SJ N+I)
AND ALLOWJ:(S,Z .3 |) | AND ALLOW _C( ,Z JN-1i) AND ALLOW C( .ZJN+LI)

AND SPC((J)=0)AND FREEH(I) AND FREEC(J)).. QNEW N(Sz N)=G
(Y _N_B(,ZIJN)}-NHE_NO B( z, N)}-NHE N1 B(s7z,1,J,N))*DHC(SI,N):

FEAS BEG SP(S,Z,1,J,M ,N)$(TL(S,N) LE TU(S,M) AND TU(S,N) GE TL(S,M)
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AND HOT(S,I,M)=1 AND COLD(S,J,N)=I AND ALLOW ! 1(S.Z LM 1)-1

AND ALLOW C(S,Z,J,N.])=] AND BIF(Z.1,J) =0

AND SPII(I) 0 AND SPC(J)=0 AND FREEH(I) AND FREEC(J) AND ORD(M) LE NINT)..
TL(SM)-TL(SN)-QNEW _N( .z, ,N)I(FC(SJ)*CPC(SJN))

+ QNEW _M(S,Z,1,J M)/(FH(S,1)*CPH(S,I,M))

+ (2-NHE=MO(S,Z,1,J,M)-NHE NO( ,Z,1JN))*TU(S,N)=G=0;

FEAS BEG_B_SP(S,Z, ,M,N)$(TL(S N) LE TU(S,M) AND TU(SN)GE TL(SM)

AND HOT(S,CM)=! AND COLD(SJ.N)=] AND ALLOW H(S,Z,IM 3)-1

AND ALLOW _C(S,Z,JN,I)=I AND BIF(Z,IJ

AND SPH(1)=crAND SPC(J)=0 AND FREEH()AND FREEC(J) AND ORD(M) LENINT)..
TL(SM)-TL(SN)-QNEW _ N(SZ,I,JN)(FC(SJ)*CPC(SJN))
+QNEW_M(S,Z, M)I(FH(S.1)*CPH(S,I.M))
+ (-NHEAMO B( .Z,,JM)-NFIE_NO_B( ,Z.1JN)*TU(S,N)=6=0;

*EQ (82)

FEAS_END_SP( ,Z,1.J,M N)$(TL(S,N) LE TU(S,M) AND TU(, ) GE TL(S,M)

AND HOT(S,I,M)=I AND COLD(SJ,N)=I AND ALLOW _H(S,Z,I,M J)=I

AND ALLOW _C(S,Z,JN,1)=L AND BIF(Z, ) =0

AND SPH(I)=0AND SPC(J)=0 AND FREEH(I)

AND ORD(M)LENINT).. TU(S.M)-TU(SN

-QNEWIVI(S,Z, LI, M)I(FH(S,1)*CPH(S,1,IV1)
FI

>

ND FREEC(J)

JFH(S, ) +QNEW _N(S,Z,1I,N)I(FC(S,3)*CPC(S,I,N))
+(2-NHE_M 1(S,Z,LI,M)-N E NI(LZTIN)*TU(SN)=G=0;
FEAS END_B SP(SZIJM,N) (TL(S,N) LETU(S,M) AND TU(S,N) GE TL(S,M)
AND HOT(S,I,M)-l AND COLD(S,J,N)=1 AND ALLOW_H( ZIM 3)=]
AND ALLOW _C( Z N 1 AND BIF(Z,1J) =
AND SPH(1)=0 AND s c()= )-T U(
-QNEWM(S.Z,1,0,M )( H(S\1)*CPH(S,I,M)) + QNEWN(S,Z, IJN)( C(sd)*C P C(S\LN))
+ =

=) 0 AND FREEH(I)AND FREEC(I)). T (s,
(2-NHE_MIB(S,Z,1.JM)-NHEJ4IIB(S,Z, N))*TU(S,N)=G=

1)
(3
(s

*EQ (83
FE%é_B)EG3(S z M N)$(DTVIO(I,3)=l AND D($,Z,M N)=L AND TL(S,N) LT TU(S,M)
AND TU(SN) GT TL(S,M)
AND HOT(S,I M)=I AND HOT(S,I,M+1) AND COLD(S,J,N)=I AND COLD(S,J,N+I)
AND ALLOW _H(S,Z.IM J)=I
AND ALLOWIH(s'Z,LM+IJ) and ALLOW C(S, JN)=land ALLOW C(5Z,JN+L1)
AND BIF(Z,1.J) =0 AND (SPH(I)=I OR SPC(J)=1) AND FREEH(I) AND FREEC(J)
AND ORD( ) ENINT)..
N](S,Z.LIN)=L=(2-NHE_MO(S,Z.1.J,M)-NHE NO(S.Z I.J.N));

*EQ (84)
FEAS_BEG(S,Z,1J,M,N)$(DTVIO(1,3)=1 AND D(S,Z,M ,N)=1 AND D(S,Z,M N)=]

AND TU(SN) GT TL(S.M) AND HOT(S,I,M)=I AND HOT(S,I,M+l) AND COLD(S,J,N)=I
AND COLD(S,JN+1) AND ALLOW _H( ,Z,IM J)=] AND ALLOW H( Z,I M+LJ)
AND ALLOW C( ,ZJN,)=1 AND ALLOW _C(S,Z,J N+11) AND EIF(z"J) =
AND (SPH(I)=1 OR SPC(J)=I1) AND FREEHO)AND FREEC(J) AND ORD(M) LENINT)
QNEW_N(S,Z,I,J,N)/(TIJ(SM)TI( N)=L=QNEW N(S.Z, , 1)
TU NL)TLS N+ 1) € C(S,‘ )/CPC(S,J,N+1)

+(2-NHE_M0(S,Z,1,J,M)-NHE_N0(S,Z,1J N))*DHC (S J,N)/(TII(S,M)-TL(S,N));

*EQ (85)
FEAS_BEG2(S,Z,1,J,M N)S(DTVI0(1,J)=I AND (sz N)=1 AND TL(S,N) LT TTJ(S M)
L )=l

; (19)=1
(SM)AND HOT(S,]M

AND TU(SN) GT T AND HOT(S,LM+I) AND COLD(S,J,N)=I
AND COLD(S,J,N+I)

AND ALLOW H( ,Z,IM J)=1 AND ALLOW _H( ,Z1,M+1J)AND ALLOW C(S,Z.JN,I)=1
AND ALLOW=C(S,Z JN+L1) AND BIF(Z, )- 4 AND (SPH(I)=1 OR SPC(J)=1)

AND FREEH(I) AND FREEC(J) AND ORD(M) LENINT)..

R

QNEW _M(S,2,1,J, M)/(MIN(TU(S,M)TU(S,N))-TL(S,M))=G=
QNEW _M( ,Z,I,JM+1)I(TU(SM+1)TL(S,M+1))
*CPH(STi,M)ICPH (S IM+1)-(2-NHe 1m 0(S,Z, ,M)-NHEANO(S,Z,1,JN))
*DHH(S,I,M+1)/(TD(S,M+1)-TL(S,M+1);

FEASJEND3(S,Z,1,J,M N)$(DTVIO(I,3)=1 AND D(S.Z,M N)=1 AND TL(S,N) LT TU(S,M)
AND TU(SN) GT TL (S,M)

AND HOT(S,,M)=I AND HOT(S,I,M-I) AND COLD(S,J,N)=I AND COLD(S,J,N-I)
AND ALLOW )I(S.Z,I,M JH

AND ALLOW J-1(S'z,1,M-],J)AND ALLOWJ2(S,Z J,N,I)=1 AND ALLOW C(S,Z J.N- )
AND BIF(Z, ) =0 AND (SPH(I)=1 OR SPC(.1)=1) AND FREEH(I) AND FREEC(J)

N
AND ORD(M) LE NINT)..



NHE_MO( Z,1,J M)=L=(2-NHE_MI(S,Z 13 M}-NHE_NL(S ZI.IN))

“EQ (87)

FEASIEND(S z, | ,N)$(DTV|0(IJ) 1 AND D(S,Z,MN)=1 AND TL(S,N) LT TU(S,M)
AND TU(SN)GTTL(S,M)ANI)HOT(S,IM) 1AND HOT(S,IM-1) ANDCOLD(S,J,N)=1
AND COLD(S,J,N-l) AND ALLOW 11(S,ZJ.MJ)=I AND ALLOW _H(S,Z,]M-1J)

AND ALLO ( ZJIN)=I AND ALLOW _C(S,Z,JN-11) AND BIF(Z, ) =0

AND (SPH(])=1 OR SPC(J)=1) AND FREEH(T) AND FREEC(J)AND ORD(M) LE NINT)..
QNEW M(Sz M)I(TU(S,M)-TL(SN))=L= QNEW_M(S,Z,LJ,M-l)/(TU(S,M 1)-TL(S.M-1))
*CPH(S,IM /c H(SIM-1)+2-NHE M1( z, M)NHE NT( ZIJN))
*DHH(S,1,M)((TU(S,M)-TL(S.N));

'
(

FEAS_END2(S,.Z, ,M,N)$(DTV10()J)=1 AND D(5,Z (S,M)

M N)=1 AND iL(S,N) LT TU
D(S,J.N)=]
)

ZMN
ANDTU(S,N)GTTL(S,M)AND HOT(S,I,M)=l AND HOT(S,I,M-I) AND COL
AND COLD(S,J,N-l) AND ALLOW _H(S,Z,LM J)=1 AND ALLOW H( Z,IM-1
AND ALLOW C( ,ZJN,I)=1 AND'ALLOW C(S,Z,JN-I,I) AND BIF(Z,1J) =0
AND (SPH(])=1 OR SPC(J)=1) AND FREEH(T) AND C(J) AND ORD(M) LE NINT)..
QNEW _N( ,Z,1JN)(TU(S,N)-MAX(TL(S,M),TL(S =QNEW _N(S,Z,1,IN-1)/

(
3

F
N))

*CPC(S,j,N)/ICPC(S,IN-1)-2-NHE_M 1( .Z, M)-NHE N1( z, .N))
*DHC(S,i,N-N)/(TU(SN-1)-TL(S,N-1));

H
N
N-I,
REE
=G

FEAS BEG4 B(S,Z,1,J,M N)$(DTV10(1,J)=1 AND D(S,Z,M N)=1 AND TL(SN) LT TU(SM)

AND TU(S,N) GT TL (S,M)

AND HOT(S,iM)=I AND HOT(S,I,M+I) AND COLD(S,J,N)-l AND COLD(S,J,N+I)

AND ALLOW H(S.Z ,IM,JH

AND ALL. OWJI(S, MH J)AND ALLOW C(S,Z N 1)zl AND ALLOW _C(S,Z,JN+11)

AND BIF(Z, ') =1 AND (SPH(I)=1 OR SPC(1)=1) AND FREEH(I) AND FREEC(J) AND ORD(M) LE NINT)..

0+Yj Vb(S,Z, N)-NHE_MO B(S,Z, ,M)-NHENO B(S,Z, ,N));

*EQ (90)

FEAS BEG2 B(S,Z,1,J,M,N)S(DTVIO(I.J)=] AND D(S,Z,M.N)-1 AND TL(S,N) LT TU(S,M)
AND TU(S,N) GT TL(S,M) AND HOT(S,I,M)=1 AND HOT(S,I,M+I) AND COLD(S,J N)z=]
AND COLD(S,J N+I) AND ALLOW _H(S,Z,I M )=1 AND ALLOW _H(S,Z,I,M+1J)

=1

AND ALLOW _C( ,ZJNJ)=1 AND ALLOwWic(S,Z,J.N+1,1) AND BIF(Z,1) =1

AND (SPH(N)=I OR SPC(J) 1) AND FREEH(I) AND FREEC(J) AND ORD(M) LE NINT)..
QNEW_N(.Z, N)ITU(S.M)-TL(SN))=L=

QNEWIN(SZ, JN+DITU(SN+1)-TL(SN+1)

*CPC(sTi,N)ICPC(S I N+1)+

(I4Y_N_B(S,Z,l,iN)-NHE_MO _B(S,Z,1J,M)-NHE_NO_B( ,Z,1,JN))
*DHC(SJN)ITU(SM)-TL(S.N));

FEAS_BEGI_B(S,Z,1,JM ,N)$(DTV10(1,J)=

AND D(S,Z,M ,N)=1 AND TL(S,N) LTTU(S M)
AND™tU(S.N) GTTL(S,M)and HOT(S,I,M)
|

|
I M)=1 AND HOT(S,,M+I) AND COLD(S,J,N)=I
AND COLD(SJN+I)AND ALLOW _H(S,Z,I,M,J)=1 AND ALLOW _H(S,ZJ M+1,J)
AND ALLOW C(S,ZJN,I)=I AND ALLOW _C(S,Z,J.N+11) AND BIF(Z,1,J)

AND (SPH(T)=1 OR SPC(J)=1) AND FREEIKI)AND FREEC(J) AND ORD(M) LE NINT)..
QNEW2_N(S,Z,1I,N)/((TU(S,M)-TL(S,N))=L=QNEW _N( ,Z,1,IN+1)/
(TU(S.N+1)-TL(S,N+1))

*CPC(S,JN)ICPC(SI,N+I)+(2-NHE_MO B(S,Z,1.J,M)-NHE_NO B(S,Z,1.J.N))
*DHC(S,i,N)/(TXJI(S.M)-TL(S,N));

TEAS BEG3 B( ,z, ,M,N)$(DTVIO(U)-LAND D(S,Z M N)=] AND TL(S,N) LT TU(S,M)
AND TU(S,N) GT TL(S M) AND HOT(S,I,M)=1 AND HOT(S,I,M+I) AND COLD(S,J,N)=I
AND COLD(SJN+I)AND ALLOW H( ,Z]JM,J)=1 AND ALLOW _H(S,Z,I,M+1,J)

AND ALLOW C( ,ZJN,I)=1 AND ALLOW _C(S,Z,JN+L1)AND BIF(Z ) =1

AND (SPH()=T or SPC()=1)and FREEH(I)and FREEC(J)AND ORI)(M) LE NINT)..
QNEWIVI( ,Z,1LIM )/(MI (TU(S,M)TU(SN))-TL(S.M))=G=QNEW _M(S.Z, M +I)/

(TU(S,M+1)-TL(S,M+1))
*CPH(S,I,M)/CPH(S,IM+1)-(2-NHE_M0_B(S,Z, ,M)-NHE NO_B(S,Z,1,J.N))
*DLIH(S LM +DITU( M+1)-TL(S,M+1

FEAS END3 B( ,z, ,MN)$(DTVIO(I,J)=I AND D(S,ZM ,N)=1 AND TL(S,N) LT TU(S.M)
AND TU(S,N) GT T I(S,M)
AND HOT(S,1,M)=I AND HOT(S,I,M-I) AND COLD(S,J,N)=I AND COLD(S,J,N-I)



140

AND ALLOW _FI( Z,]M J)=]
AND ALLOW7h (S,Z,1,M-1,J)AND ALLOW _C( .Z,JN,I) AND ALLOW _C(S,Z,JN-11)
AND BIF(X.1J) =L AND (SPH(I)=L OR SPC(J)=1) AND FREEH(I) AND FREEC())
AND ORD(M) LE NINT)..

OFYMBSZ MINEMB ZIIMNENB z N)

FEAS END B(S.Z, ,
ANDTU (s7n ) GT TL
AND COLD(SJ,N-I)

M N)$(DTV10(1,3)=1 AND D(S,Z,M,N)=1 AND TL(SN)LTTU(S,M)
(SM) and HOT(S,,M)=l and HOT(S,IM-l)and COLD(S,LN)=I
AND ALLOW H(S,Z,IM J)=1 AND ALLOW H(S$,Z,I,M-),J)
AND ALLOwIc(S,Z, 3N 1)zl AND ALLOW _C(S,Z,JN-1I) AND BIF(Z, ) =1
AND (SPH(])= OR SPC(JH) AND FREEH(T) AND FREEC(J) AND ORD(M) LE NINT).
(QNEw 7m (S,Z,1,J,M)-QNEW2_M ( ,ZJ I M)I(TU(SM)-TL(SN))=L=
QNEw 7m (S,Z,1.3,M-1)/
(TU(S,M-1)-TL(S,M-1))*CPH(S,I,M)ICPH (S, M-1)+
(2-NHE_M1.B( Z, M)-NHE_N1_B( .Z,1,JN))*DHH(S,I,M)/(TU(S,M)-TL(S\N));

ND
N,
C
)

FEAS_END2_B( ,Z,1JMN)$(DTVIO(1,J)=! AND (s,z M N)=1 AND TL(SN) LT TU(S,M)

ANITtU(S,N) GT TL(S,M) AND HOT(S,I,M)=I AND HOT(S,I,M-I) AND COLD(S,J.N)=I

ANDCOLD(S,J,N-I) AND ALLOW _H(S,Z,1.M,J)-I AND ALLOW H(S,Z,I,M-I,J)

AND ALLOW C(S,ZJN.I)=l AND ALI.OW C(s.2,JN-1) AND BIF( J) =

AND (SPH(])=1 OR SPC(J)=1) AND FREEH(7) AND REEC(J)AND RD(M)LENINT)
(QNEW __N(S,Z,1LIN)-QNEW2_ N(SZI,JN)) (TU(S,N)-MAX(TL(S,M),TL(S,N)))=G=
QNEW _N{ ,ZLIN-D)ITU(S,N~T)-T (S,N 1)) CPC(SN)ICPC(SIN-1)
-(2-NHEAMI_B( ,Z,1,JM)-NHE_N1_B(S,Z,LJ,N))4DHC(S,J N-1)/

(TU(N-D)-TL(SN 1))

PAREQ(S,Z,1,0)$(A LLOW(S"Z,I,J)zlAND FREEH(I) AND FREEC(J))..
(M

|
PAR(Z,1,J)=E=SUM ((M N)$(D(S,Z,M ,N)=1 AND TL(S,N) LT TU(S,M) AND HOT(S,I,M)=I
AND COLD(S,J )-|
AND ALLOW (S,ZI, ,)=| ND ALLOW _C(S,Z,J N I)=l),

Q(S,Z, 1M, IN)*(L/HI(S, I M>+1/H_I(SI,N))ILMTD(S,M N));

BIF13 2(S,K,Z,1.J,M)$(ORD(K) LT KMAX(Z,1,J) AND HOT(S,I.M)=I

AND ALLOW _H(S,Z,IM J)=I
AND BIF(Z, ) =1 AND FREEH(I) AND FREEC(J)AND ORD(M) LE NINT).,
PAR B(k7z, )=L=SUM((L,N)$(D(S,Z,L.N)=1 AND ORD(L) LE ORD(M)
AND_TL(SN) LT TU(S,L)

AND HOT(S,I,L)=I AND COLD(S,J,N)=I AND ALLOW _H( ,Z,I.LJ)=1

AND ALLOWIc(S,Z I N,1)=1),

(Q(S,Z,1.LIN)'Q2(S,Z,1,L I N))*(L/HI(S,I,L)+1/HI(S,IN))ILMTD(S,L N))

+AMAX*(2-NHE_M1_B(S,Z,1,J,M)-X1_B(S,Z I,J,M)-
SUM(KK$(ORD(KK)GT 1AND ORD(KK) LT ORD(K)),PAR_B(KK,Z,13)));
t Comment: In the paper X1_B does not show. Only one variable, X_B is used
| to make summations from 1to kmax-1.Flere we use X1_B and then a
* summation from 2 to kmax-1.See equation (100) as well.

BIF 13 ( K.ZIIM
AND ALLOW H(S,Z,I,
AND BIF(Z,1,J) =1 A
PAR B(K.,Z,1J)=6=S
AND TL(s7n) L
AND HOT(S,I,L)=I
AND ALLOW C(S,Z
(0(5,Z,1.L,IN)-Q
-AMAX
SUM (KK$(0

—

)$(o D(K) LT KMAX(Z,U) AND HOT(S,I,M)=I

H(I) AND FREEC(J)AND ORD(M) LE NINT)..
)$(D(S,Z,L,N)=1 AND ORD(L) LE ORD(M)

—
—
(e

LD(S,J,N)=I AND ALLOW _H( ,Z1LJ)=1
)

J<(IIH1(S,LL)+I/F1_3(S,JN))ILMTD(S,L.N))
iT6(SZ, 'M)-X1B( ZIIM)
T 1AND ORID(KK) LT ORD (k))PAR B(KK.Z, )));

BIF 14(S,K,Z,1.J)$(ORD(K) EQ KMAX(Z.LJ) AND ALLOW(S,Z, )=1 AND FREEH(I)
AND FREEC(J)AND BIF(Z, ) =1).
PAR B(K.Z,IJ)=6=PAR(Z,LJ)-SUM(KKS$(ORD(KK) LT ORD(K))PAR_B(KK.Z,1.J));

BIFJ5(S,Z, ,M)S(HOT(S,13VI)=I AND ALLOW _H( ,Z,I,M J)=] AND BIF(Z,]J) =1
AND FREEH(I) AND FREEC(J) AND ORD(M) LENINT)..



X1 B(S,Z, M)+SLIM(K$(ORD(K) GT 1AND ORD(K) LE KMAX(Z, ) X
OR1d(K)*X_B(S,K,Z LI M))=E= SIIM(L$(HOT(S,],L)=I AND ORD(L) LEORD(M) AND
ALLOW HE Z,LJ)=]).NHE _MO_B(SAIJ,L)+1-Y_M_B(S,Z1,JM);

y Comment: In the paper X t B doesTnotShow. Only one vafiabTe, X B is used

* to make summations from ] to kmax-1. Here we use X1_B and then a

* summation from 2 to kmax-I.

BLIFJ7(s!z, M)$(HOT(S,IMH AND ALLOW H( ,Z,IM,J)=1 AND BIF(Z,1J) =1
AND FREEH(I)AND FREEC(J) AND ORD(M) LE NINT).
SUM (N$(D(S,Z,M N)=1 AND TL(SN)LT' ( ,M)AND HOT(S,I,M)=I AND COLD(S,J,N)=I
AND ALLOW H(S,Z,IM J)=I AND ALLOW ¢ ( ,ZJ,N,1)=1),02(5,Z,] M J,N))=E=
QNEW2 M(SZ, M);

B1FJS(S,Z, M,N)$(D(SZ MN)=1 AND TL(S,N) LT TU(S,M) AND HOT(S,I M)zl

AND COLD(S, ,N) | AND ALLOW H( ,Z,IM J)=) AND ALLOW _C(S,Z,J,N,I)=I

AND BIF(Z, ) =1 AND FREEH(I) AND FREEC(J) AND ORD(M) LE NINT)..
Q2(8,Z,IM IN>=L=Q(5,Z,I,M I N);

SHELL(ZJ,3)$(SUM[S,ALLOW S,Z,LJ)]>= LAND FREEH(I) AND FREEC(J)
PAR(Z,1,J)-L=ASHELLMAX*USHELL(Z,13):

*EQ (104)
SHELL B(K.Z,1J)S( M[ LALLOW(S,Z, )]>= 1AND FREEH(I) AND FREEC(J)

PAR B(K,Z,I'J)=L=ASHELLMAX*USHELL B(K.Z 1J);
I EQ (105)

TOTALCOST.. TCOST =E= SUM(I$(HU(1) AND FREEH(I)),CHU(L)*FHU(I)*DTHU(I))
+ SUM (JI(Ct)(J) AND FREEC(J)),CCU(J)*FCU(j)*DTCU(J))
Sontext
+  M((Z,1,J)$(OPT=0 AND SUMIS,AI.LLOW(S,Z, )]>- LAND FREEH(I)
AND FREEC(J)AND BIF(Z],J)=0), CFHJSHELL(Z, ))

+  M((K,Z,1,J)$(OPT=0 AND SUM[ ALLOW(S,Z,1,J)]>= LAND FREEH(I) AND FREEC(J)
AND BIF(Z,1,J)-1)1 CF*USHELL B(K,Z, ))
+ SUM((Z,1,)$(OPT=0 AND SUM_[S,ALLOW(S,Z,LJ)]>= LAND FREEFI(I)AND FREEC(J)),
CAE*PAR(Z, ))
Sofftext
Sontext
+SUM((S,Z,1,J)$(OPT=I1 AND ALLOW (S,Z,1,J)=I AND FREEH(I) AND FREEC(J))
CF*(NHE(S,Z,IL))+NHE_ ( ,z, )$(NHEO(S,Z,1,d)=1)-NHE0(S,Z,1,9)))
+SUM ((S,Z,y)$(OPT=1 AND ALLOW(S,Z,1,J)=I AND FREEH(l) AND FREEC(J)
AND BJF ( ,LJ)=0),CAE*DPAR_E(Z,1,J)+CAN*PAR_N(S,Z,1.J))
+SUM((S,K,Z,1,J)$(OPT=I AND-ORD(K) LE KMAX(Z,I,J) AND ALI,OW(S,Z,[,3)-I
AND FREEH()AND FREEC(J)AND BIF(Z,1,J)=1)
L CAE*DPAREB(K,Z, )+CAN+PARNB(K,Z,1J))
Sofftext
\ Sontext
+SUM((S.Z,1,J)$(OPT=2 AND ALLOW (S.ZJ,J)-| AND FREEH(l) AND FREEC(J)
| )=

AND BIF(Z,
,(CF*(NHé(S,Z, ))+NHE_ (2, ) (NHEO(S,Z,1.J)=1)-(NHEO(S,Z,1J)*(SUM (R$(ORD(R) LE KET),
Phi(ZJ,J.R)))))+(CAE*DPARE(Z1J))iCAN*PAR_N(S,21.))
£ M((,Z,1,3)$(0PT=2 AND ALLOW(S,Z,],J)=I AND FREEH(I) AND FREEC(J)
AND BIF(Z,10)=1)
(CF*(NHE(S,Z, J+NHE_ ( ,Z,LI)$(NFIEO(S,Z,1,J)=1)-SUM((RR.RK)S(OPT=2 AND ORD(R) LE KET AND
ORD(K)LE KMAX(Z LI))T)ELTA(Z ,RR.RK)))
+SUM((S,Z,1,J,K R)$(OPT=2 AND ALLOW(S,Z, )=1 AND FREEH(I) AND FREEC(J)
AND BIF(Z, )=1AND ORD(K)LE KMAX(Z, ))
{ +SUM (KS(ORD(K)LE KMAX(Z,1,J

YCAE*DPAR_ E_B(K,R,Z,I,J)+CAN*PA)R)_N_B(K,R,Z, )

+ may be wronge equation (by warapon)

t +SUM(K$(OPT=1 AND ORD(K) LE NHFO0(S,Z, )),(CAL*DPAR E B(K.Z.LJ))
t +(CAN*PAR N_B(K Z,10)));

I TOTALCOST.. TCOST =E= SUM(1$(}IU(1) AND FREEH(I)),CHU(L)*FHU(])*DTHU(T))
+ M(I$(CU(J) AND FREEC(J)),CCU(J)*FCU()*DTCU(I))

41



* 4 SUM((Z,1J)$(SUM[ ALLOW( ,Z, )]>= I AND FREEH(I) AND FREEC(J)

*  AND BIF=0), CF*USHELL(Z, ))

* +SUM((K 2, )S(SUM[SALLOW(S,Z, )]>= LAND FREEH(I) AND FREEC())
* AND BIF=1), CF*USHELL B(K.Z, ))
*4SUM((Z, )$(SUM[ ALLOW(S,Z,1J)]>=
*  CA*PAR(Z, ))

*$OFFTEXT

LAND FREEH(I) AND FREEC(J)),

‘Depending on the option selected by the user diferent sums come into action.
* Here we have an equation that is made simpler than in the paper. We account
* for the total area of the exchangers (use PAR and not PAR_B).

%The result is the same.

*

*EQ (106) CONSISTENCY: Number of exchangers smaller than the number of shells
*Needed because the exchangers are related to the values of K.

KMAX 1( ,Z,1J)$(ALLOW (S,Z,1.J)= 1L AND FREEH(I) AND FREEC(J) AND BIF(Z,1J) =0)..
NHE(S,Z, )-L- USHELL(Z, )

KMAX2(S,Z,1J)$(ALLOW (S,Z, )=1 AND FREEH(I) AND FREEC(J) AND BIF(Z,1,J) =1).
NHE(S,Z,1,J)-L - SUM(K,USHELL B(K.Z, )) :

*EXTRA EQUATIONS NOT IN PAPER BUTNEEDED

*EQ (108) LIMIT THE NUMBER OF EXCHANGERS
TOTNEXCHMAX(S).. SUM((Z,1,3)$(ALLOW ($,Z,].)= 1 AND FREEH(I) AND FREEC(J)),
NHE(S,Z, ))=L=TOTNEXCHMAX;

*EQ (109) MINIMUM NUMBER OF EXCHANGERS
TOTNEXCH MIN(S).. SUM((Z,1J)$(ALLOW (S,Z,1.J)=I AND FREEH(I) AND FREEC(I)),
NHE(S,Z,11j"=G=TOTNEXCHMIN;

Sontex
Fxkk

* % ********************gqua(jOn fOr Retroflt** kkkkkkkkkkkkkkkhkkkhkhhhkk kkkkxk

AREA RESTL( ,Z,J)$(OPT=I AND ALLOW(S,Z,1,J)=1 AND FREEH(I) AND FREEC(J)
AND BIF(Z,10)=0
PAR(Z,1,J)=L=AEX(Z,1 J)+DPARE(Z,1.J)+PAR_N( ,Z):

AREA _REST2(S,Z,1J)$(OPT=1AND ALLOW(S,Z,1,J)=| AND FREEH(I) AND FREEC(J)
AND BIF(Z,10)=0),
DPAR E(Z, )=L=AEX_ (Z, )-AEX(Z.1J);

AREA REST3(S,Z,1J)$(0OPT=1 AND ALLOW(S,Z,1J)=I AND FREEH(I) AND FREEC(J)

PAR_N(S,Z,1J)=L=ASHELLMAX*(NHE(S,Z,1J)+NHE $(S.Z,1J)
(NHEO(S,Z,],3)=1)-NHEO(S,Z,1,0));

AREA RESTI_B(S,K,Z,1,J)$(OPT=I AND ORD(K) LE KMAX(Z, ) AND ALLOW (S,Z,1,J)=I
AND FREEH(I) AND FREEC(J) AND lill'(/..13) |)
PAR_B(K,Z,1,)=L=SUM (KK$(ORD(KK) LE NHEO(S,Z 1.]).A B(KK Z.1J)
*DELTA(KK.K))+DPAR_E_B(K.Z,1J)+PAR_N_B(K,Z,1.J);

AREA REST2 B(SK.Z,1,J)$(OPT=I AND ORD(K) LE KMAX(Z, ) AND ALLOW(S,Z,1J)=I
AND FREEH(I) AND FREEC(J) AND BIF(Z,I,J) 1).
DPAR_E_B(K,Z, )=L=SUM(KKS$(ORD(kk) LE NHEO(S,Z, )),(AEX_U_B(KK Z,1J)
-AEX_B(KK,Z, ))*DELTA(KK K));

AREA REST3 B(S,K,Z,1,J)$(OPT=1 AND ORD(K) LE KMAX(Z, ) AND ALLOW (S,Z,1,3)=I



AND FREEH(I)AND FREEC(J) AND BIF(Z, )=1).
PAR_N_B(K,Z,1,J)=L=ASHELLMAX*H-SUM (KK$(ORD(KK) LE NHEO(S.Z, )),DELTA(KK K)));

e ("[16)'-
AREA_REST4_B(S,K,Z,I,J)$(0PT=1 AND ORD(K) LE KMAX(Z, ) AND ALLOW(S,Z,13)=I
AND FREEH® AND FREEC(J) AND BIF(Z,1.J)=1)
SUM(KK$(ORD(KK) LENHEO(S,Z, )),DELTA(KK K))=L=1;

*EQ(117)
AREA REST5J3( K.z, )$(OPT=1 AND ORD(K)LENHEO(S,Z,1.J) AND ALLOW (S,Z,1,J)=I
AND FREEH(I)AND FREEC(J) AND BIF(Z,1,J)=1)..
SUM(KK$(ORD(KK)LE ~ AX(Z, )),DELTA® KK))=L-1;

*EQ(118)
AREA REST6 B( ,Z,1J)$(OPT=I AND ALLOW(S,Z,1J)=I AND FREEH®
AND FREEC(J)AND BIF(Z, )-1).
SUM((K,KK)$(ORD(K) LE KMAX(Z,1,J) AND ORD(KK) LE NHEO(S,Z, )),DELTA(KK K))
-E - NHEO(S,Z, );

*EQ(119)
ADDREST-.
SUM((S,Z,1.1)$(OPT=1 AND ALLOW (5,2, )-1
AND FREEH® AND FREEC(J))NHE(S,Z,]J)
-NHE0(S.,Z,1,J))=L=2;

*EQ (120

AD(D_R)ESTZ(S‘I,J)S(OPTzl AND FREEH(I) AND FREEC(J))..
SUM(Z$(ALLOW (S,Z,1.3)=l)NHE(S,Z, )-NHEO(S,Z, ))=6=0;

Sofftext

*$ontext

* % % *4********»*»******-*))))Eq113tj0n for Retroflt Reloc3110 kkkkkkkkkkkkkkkkkkkkkk

*EQ(Retrofit 16)
RELOCATEJ( ,Z,1.3)$(0PT=2 AND ALLOW(S,Z,IJ)=I AND FREEH(I) AND FREEC(J)

PAR(Z, )=L=AEX(Z, )+DPAR_E(Z,10)+PAR N(S.Z]J);

*EQ(Retrofit 17)
RELOCATE _2( ,Z,I,])$(OPT 2 AND ALLOW(S,Z,1,J)=1 AND FREEH(I) AND FREEC(J)
AND BIF(Z,1,3)=0)..
AEX(Z,1J)=E= SUM(R$(ORD(R) LE KET),(AEX_R(R)*Phi(Z,LI.R)));
*EQ(Retrofit 18)
RELOCATE3(S,Z,1,J)$(OPT=2 AND ALLOW(S,Z,1,J)=1 AND FREEH(I) AND FREEC(J)
DPAR_E(Z, ) =L=SUM(R$(ORD(R) LE KET),(AEX_UJ (R)-AEX_R(R))
*Phi(Z, R));

*EQ(Retrofit 19)

RELOCATE 4( ,Z,1J)S(OPT=2 AND ALLOW(S,Z,1,J)=1 AND FREEH® AND FREEC(J)

AND B1F(Z,1,0)=0)..

PARN( .z, )=L-AJLEW_MAX(Z, ) *(NHE(S ZI,J)*NHE_ ( ,z, )$(NHEO(S,Z, )=1)-(NHEO(S,Z,1,J)*
SUM(R$(ORD(R)~LE KET),Phi(Z, ,R)))):;

*EQ(Retrofit 20)
RELOCATE 5J ( ,Z, )$(OPT=2 AND ALLOW (S,Z,LJ)=I AND FREEH(I) AND FREEC(J)
AND BIF(Z, )=0).. NHE(5,Z,1,J) =L= TOTNEXCHMAX ;

RELOCATE $_2(S,Z,1,J)$(OPT=2 AND FREEH® AND FREEC(J)
AND BIF(Z, )=0).. SDM((R)$(ORD(R) LE KET)Phi(Z, ,R))=L=1;

*Extra Eq. Limits number of phi matches
RELOCATES 3(Z,R)$(OPT=2).. SUM((ij), Phi(Z,1JR)) =L= 1;

*SONTEXT
**EQ(Retrofit 21)
RELOCATE 6(K,R, ,Z,1,J)$(OPT=2 AND ORD(K) LE KMAX(Z, ) AND ALLOW(S,Z, )=l
AND FREEH® AND FREEC(J)AND BIF(Z LJ)=1)..
PAR B R(k,R,Z, )=L=AEX_B(K.R,Z,]J)+tDPAR_E_B(KR,Z,1J)+PAR_N_B(KR,Z,1,J);



*EQ(Retrofit 22)
RELOCATE 7(K , ,Z,I, )$(OPT=2 AND ORD(K) LE KMAX(ZJ.J) AND ALLOW(S,Z,1,J)=I
AND FREEH(I) AND FREEC(J) AND BIF(Z, )- )..

AEX B(K.R,Z, ) E=SUM(RR$(ORD(RR) LE KET),(AEX_B_R(RR)*DELTA(Z ].J,RR.R K)));
*EQ(Retrdfit 23)
RELOCATE_8(K,R, ,Z,1,J)$(0OPT=2 AND ORD(R) LE KMAX(Z, ) AND ALLOW(S,Z,1,3)=I
AND FREEH(I FREEC(J)AND BIF(Z, )=1)..

z ):L:SUM(RRS(ORD(RR)LEKET),(AEX_U_B_R(RR)-AEX_B_R(RR))
AZ, RRRK)):

) A
DPAR_E B(K,R
DELT
*EQ(Retrofit 24)
RELOCATE_9(K,R, ,Z,],J)$(OPT=2 AND ORD(K) LE KMAX(Z, ) AND ALLOW(S,Z,1,J)=1
AND FREEH(I) AND FREEC(J) AND BIF(Z, ) )..
PAR_N_B(K,R,Z, )=L=A_NEW_MAX(Z,]J) *(I-SUM(RRS(ORD(RR) LE KET)
DELTA(Z, ,RRRK));
*EQ (Retrofit 25)
RELOCATE I0(K,R, ,Z,],J)$(0PT=2 AND ORD(K) LE KMAX(Z, ) AND ALLOW (S,Z,1J)=]
AND FREEH(I) AND FREEC(J) AND BIF(Z, )-1)..
SUM(RR$(ORD(RR) LE KET),DELTA(Z, ,RR.RK))=L=1;

*$OFFTEXT

HOTIATILITY COST=E= SUM(IS(HU(I) and FREEH(I)),CHU(I)*FHU()*DTHU(I));

ColdIUTILITY_COST =E= SUM(IS(CU(J) AND FREEC(J)),CCD(I)*FCU()*DTCU(I));

AreaC..
Area_Cost=E=

+SUM((S,Z, )$(OPT=2 AND A!.L,OW(S.Z,1.J)-| AND FREEH(I) AND FREEC(J)

(CF*(NHE(S,'Z, JNHE_ (,Z,1J)$(NHEO(S,Z,1,3)=1)-(NHEO(S,Z,].J)*(SUM (R$(ORD(R) LE KET),
Phi(Z, ,R)))))+(CAE*I)PAR. E(Z, ))+CAN*PAR N( z, )):

SONTEXT

SUM ((S,Z,1,0)$(0PT=2 AND ALLOW (S,Z,1,3)=l AND FREEH(I) AND FREEC(J)
AND BIF(Z,1,3)=0
ACAE*DPAR E(ZTJ))+CAN*PAR_N( ,Z,1J))

+SUM((S,Z,1,J K R)$(OPT=2 AND ALLOW(S,Z,1,J)=1 AND FREEH(I) AND FREEC(J)
AND BIF(Z,10)=1 AND ORD(K)LE KMAX(Z,1,3))

* +SUM (KS(ORID(K)LE KMAX(Z,1,J))

(CAE*DPAR_E _B(K,R™;1.J)+CAN*PAR N B(K,R.Z, ))):

SOFFTEXT

FIxIcOST =E= SUM((S,Z,1,3)$(0PT=2 AND ALLOW ($,Z,1,J)= AND FREEH () AND FREEC(J)
AND BIF(Z,1,J)=1)
(CF*(NHE(S.Z LI#NHE_ (,Z,1,1)$(NHEO(S,Z,1,3)=1)-SDM ((RR R K)$(OPT=2 AND ORD(R) LE KET AND
ORD(K)LEKMAX(Z, ))X)ELTA(Z,LL,RRRK))
+SUM((S,Z,1,J K,R)$(OPT=2 AND ALLOW (S,Z, )=1 AND FREEH(I) AND FREEC(J)
AND BIF(Z,1J)=1 AND ORD(K)LE KMAX(Z, ))
* 4SUM (KS(ORD(K)LE KMAX(Z,
(CAE*DPAR E B(KR.Z,IJ)+CAN»PAR N _B(K RiZ 1))

TONTEXT
SUM ((S,Z,1,3)$(0PT=2 AND ALLO\V(S.Z,1.J)--| AND FREEH(I) AND FREEC(J)

(CF*(NHE(S,Z, )*NHE_ ( ,Z,1,3)$(NHEO(S,Z,],J)=1)-(NHEO(S,Z,1J)*(SUM (RS(ORD(R)LEKET),

* 4SUM((S,Z,1,0)S(OPT=2 AND AL.LOW(S.Z. )-1AND FREEH(I)AND FREEC(J)
*  AND BIF(Z,1J)-1)

+(CF*(NHE(S,Z,1))+NHE_ ( ,Z,]J)$(NHEO(S.Z,1,0)=1)-SUIVI((RR,R K)$(OPT=2 AND ORD(R) LE KET AND



ORD(K)LE KMAX(Z, )),DELTA(ZIIRRRK)))
JOFFTEXT

MODEL MPERIOD / ALL/;

OPTION LIMROW =5000;
OPTION LIMCOL =5000;
OPTION SOLPRINT= OFF;
OPTION OPTCR=0 ;
OPTION OPTCA=0 ;
OPTION reslim = 135800;

SOLVE MPERIOD USING MIP MINIMIZING TCOST;

PARAMETER QMATCH(S,Z,1,J);
QMATCH(S,Z,1,3)=SUM (M N)$(D(S,Z,M N)=1 ANDTL(S,N) LTTU(
AND COLD(S.LN) AND ALLOW H(S,Z,IM,I

Q.L(S,Z

PARAMETER FH_H(S,Z, ,M)Flowrate of hot stream per HEX;
FH_H(S,Z,1,J,M)$[HOT(S,],M))=QNEW _M.L(S,Z,1,,M)/[('rU(S,M)-TL(S,M))*CPH(S,IM)]

SM)an
1=l AND ALLOW j:(S,Z,3.N )=
1M JN));

PARAMETER FC_C( ,Z,J,I,M) Flowrate ofcold stream per HEX;
FC_C(S,2,J,,M)S[COLD(S,J,M)]=QNEW N.L(S,Z,1,3,M)/[(TU(S,M)-TL(S,M))*CPC(SJ,M)j

PARAMETER NHE2(S,Z,J.1);
NHE2(S.Z,J1)= NHEL(S.Z, );

option NHE:3:0:1; display NHE .L;

option NHE S:3:0:1; display NHE_S.L;

OPTION CoTd_UTILITY_COST:370:1; DISPLAY ColdUTILITYCOST.L;
OPTION HOTJJTILITY~COST:3:0:1; DISPLAY HOTIUTILITYJTOST.L;
OPTION AreajCost 3:0: L DISPLAY Area Cost.L;

OPTION FIXjCOST:3:0:1; DISPLAY FIXACOST L;

option Q:3:0:1; display Q.L;

option FHU:3:0:1; display FHU.L;

option FCU:3:0:1; display FCU.L;
* OPTION DPARJE:3:0:1;DISPLAY DPAR E.L;
* OPTION PAR_N:3:0:1; DISPLAY PAR N.L;
OPTION PAR:4:0:1; DISPLAY PAR.L;
OPTION QMATCH:4:0:1; DISPLAY QMATCH,
OPTION FIT 11:3:0:1; DISPLAY FH_H;
OPTION FC~C:3:0:1; DISPLAY Fecjc;
OPTION PAR_N:3:0:1; DISPLAY PAR N.L;
OPTION DPAR E:3:0:1;DISPLAY DPAR EL;
OPTION PHI:3:0:1; DISPLAY PHI L;
OPTION AEX:3:0:1;DISPLAY AFX L,
SONTEXT

DISPLAY DTVIO;

DISPLAY AEX;

DISPLAY CPH,

niepi AY OPP-

DISPLAY PHIL;

EXECUTE UNLOAD "isabelout.gdx",PAR, QMATCH, FH_H, FC_C, AEX;
EXECUTEtGDXXRW .EXE isabelout.gdx par-QMAfCI Irng=al;
EXECUTE 'GDXXRW.EXE isabelout gdx var=PAR rng=rl’";

EXECUTE 'GDXXRW .EXE isabeloutgdx PAR=AEX rng=afl':

EXECUTE 'GDXXRW .EXE isabelout.gdx par=FH_H rng=a20’;

EXECUTE 'GDXXRW .EXE isabeloutgdx par=Fclc mg=a40":

EXECUTE 'GDXXRW.EXE isabelout.gdx par=PHIrng=a60";

EXECUTE 'GDXXRW .EXE isabelout.gdx vVAR=DPAR rng=R60";
SOFFTEXT
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Appendix C Programming Model for Retrofit without Relocation Apply for
Crude Fractionation Unite

TLE HEN design- Automatic parameter calculation- KITISAK-1
* % * %% *kkkkkk * * %

*kkkkk kkkkkkkhkkkhkkhhhkhkhhkhhhkkhhkhhhkkhhkhkkhhkkhhkkk

K tions that are different than in the paper +errata.
*(105

* Equations that are added to those that are in the paper

*(106) and (107)

* CONSISTENCY :Number ofexchangers smaller than the number of shells
* Needed because the exchangers are related to the values of K.

*(108) LIMIT THENUMBER OF EXCHANGERS

*&109) MINIMUM NUMBER OF EXCHANGERS

kkkkkkkhkkkkhhkhkkkhhkhhhkhkhhkkhhhhhhhhhkhhhkhkhhkhhhkhhhhkhkhhhkhhkhhhkhhhhhhhkhkhkkhhkhkhkhhkhkkkxx

1OFFUPPER

SONTEXT
+ NM-4S1-FINAL-6-FLEXIBILITY-S1.gms: August9,2004
- one scenario, the original values 0f4s

kkkkkkkkkkkkkkkkkk * k% Khkkkkkkkkkkkhkkhkhhkkkkkhhkkkkkhhkkkkxkkhkkkkx %

SOFFTEXT
SETS
% transfer zone 1Z1

*ALWAYS DEFINE THE HOT STREAMS FIRST, AND THEN THE COLD STREAMS
| Hot streams [11*19/
Jcold streams 13 1*J3/

+ ALWAYS DEFINE THE UTILITIES WITH THE HIGHEST INDEX
HU(I) Heating utilities /19/
CU@J) Cooling utilities 133/

M temperature intervals /M | *M 111/
SCENARIO ISt
K temperature intervals /K1 *K1/

+ NEW SET FOR PUMP-AROUND.
*PA(l) Pump-around streams /12,14,16/

(

(
ALIAS (3,00)

(

(

+ PARAMETER FOR PUMP-AROUND CASE

PARAMETER FPR(1,R) Candidate values for pump-around flowrate i
/

I2R1  701.4780

12R2 647.5181

2R3 539.5984

12.R4 485.6386

14RI 78.28034
[4R2 115.4635
I14.R3  156.5607
14.R4  176.1308

16.RI 37.59575
6.R2 39.94549
16.R3 84.59044
I6.R4 108.0878
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PARAMETER TOTALQPA Total PA load ;
TOTALQPA =1580007

“linear function for Cp for hot streams

1 0.0035
12 0.0040
13 0.0040
14 0.0055
15 0.0039
16 0.0052
17 0.0038
18 0.0031
19 0

PARAMETER B cp H(I) Intercept for Cp

u 1.9098
12 1.7979
13 1.7483
14 1.4682
15 1.7044
16 1.3834
17 1.6756
18 1.8201

79 4.18

“linear function for Cp for cold streams

PARAMETER A_cp_C(J) Coefficients for Cp

J0.0037
J2.0.0035
B 0

PARAMETER B”cp_C(J) Coefficients for Cp

a 1.9966
J2 1.8143
f3 4.18

*y=a*PA(l)+b*PA(2)+c*PA(2)+d from usig regression.

PARAMETER A I(l) Coefficients for PA(1)

12 2.82E-05
14 -6.3E-05
16 -2.7E-05

PARAMETER BJ (I) Coefficients for PA(2)

12 4.56E-05
14 -5.4E-05
16 -2.8E-05

PARAMETER ¢ J (1) Coefficients for PA(3)

12 5.91E-05
14 -24E-05
16 -2.3E-05

PARAMETER D JJ (1) Intercept

12 -3.81232
14 11.14212
16 6.491449
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:

PARAMETER ( ,Z,]M,J,N) Upper bound

$1.71.12.(M3*M 10).01,(M84*M 94) 10000
] Z1,12.(M3*M 10).J2.(M 95*M 109) 10000
1Z1,12.(M3*M 10).J3.(M 110*M 111) 10000
12 1.14.(M26*M35). 1,(M84*M 94) 10000
1.Z1.14.(M26*M 35).J2.(M 95*M 109) 10000
1,21.14.(M26*M 35).33.(M 110*M 111) 10000
1,Z1.16.(M51*M57).01,(M 84*M 94) 10000
1Z1,16.(M51*M57).J2.(M 95*M 109) 10000
7LZl,16.(M51*M57),J3.(M| 10*M111) 10000

PARAMETER TE(S,Z,I,M,J,N) Upper bound

1Z1,12.(M3*M 10).31 (M 84*M 94) 10000
S1.71 12.(M3*M10).J2.(M95*M 109) 10000
SI,Z1.12.(M3*M 10).J3.(M110*M 111) 1 00

S1.Z1.14.(M 26*M 35).1.(M84*M94) 10000
1Z1,14.(M26*M35).02.(M95*M 109) 1 00
1,21,14.(M26*M35).33.(M 110*M 111) 10000

171 16.(M51*M57).0 1,(M 84*M 94) 10000
] Z1.16(M51*M57).J2.(M95*M 109) 1 00
SI Z1.16.(M51*M57).J3.(M110*M 111) 100
PARAMETER OMEGA(S,Z,I.MJN) Upper bound

1Z1 12.(M3*M 10).31 (M 84*M94) 10000
1.2 1.12.(M3*M 10).J2.(M 95*M 109) 10000
$1,21.12.(M3*M 10).33.(M110*M 111) 1 00

1 Z1,14.(M26*M35).

J1,(M84M94) 10000
$1,21,14.(M26*M 35).02
IRE

(M 95*M 109) 10000
SI.ZT14.(M26*M35).J3.(M110*M 111) 10000
S1.Z1.16.(M51*TV157).J1 (M 84*M 94) 10000

$1.21.16.(M51*M57).J2.(M95*M 109) 1 00
7| Z1.16.(M51 *M57).J3.(M 110%M 111) 10000

PARAMETER NIZ(S,Z,1) # OF INTERVALS DESIRED FOR HOT STREAMS

S1.Z1.112
S1.21.12°8
§1.21.13 15
§1.21.14 10
§1.Z1.15 15
§1.21.167
§1.Z1.17 15
§1.71.18 8
§1.21.19 3

PARAMETER NJZ(S,ZJ)n OF INTERVALS DESIRED FOR COLD STREAMS

S1.ZLJ1 11
S1.Z1.J2 15
71.Zl.J32

* Used Over all heat transfer Coeffinsteat of hot and cold heat transfer Coeff.
* This values come from text book.
PARAMETER ( ,IJ)OVER ALL HEAT TRANSFER COEFFICIENT

L(11%13,17,19).(J1%2)  0.715
1.(14,16).J1*J2) 0.715



$1.15,(31*32)
$1.18.(J1%J2)
1(11,12).33

PARAMETERS

TIH(S1) TIN FORHOT STREAMS

51.11 48.30000
51.12 182.5720
51.13 224.6850

1.14 268.7880
51.15 275.6570
51.16 308.5100
51.17 323.5120
51.18 347.1810

1.19 400.0000

TOH(S,I) TOUT FOR HOT STREAMS

51.11 26.11000
51.12 104.4400
113 26.11000
1.14 173.6270
S1.15 26.11000
1.16 232.2220
117 26.11000
1.18 260.0000
1.19 399.0000

TIC(SJ) T IN FOR COLD STREAMS

S1.J1 16.11000
S1.J2 132.7800
S1.J3 20.00

TOC(SJ) TOUT FORCOLD STREAMS

SLJL 132780
.12 360
$1.J3 30.00000

PARAMETERS

TIHZ(S,Z1)TIN FORHOT STREAMS

S1.Z1.11 48.30000

cT 7] TO 10) G770
smn

S1.Z1.14 268.7880
S1.Z1.15 275.6570
S1.21.16 308.5100
S1.Z1.17 3235120
S1.71.18 347.1810
$1.Z1.19 400.0000

TOHZ(S.Z) TOUT FOR HOT STREAMS

S1.Z1.11 26.11000
S1.Z1.12 104.4400
S1.Z1.13 26.11000
S1.Z1.14 173.6270
S1.ZI.15 26.11000
S1.Z1.16 232.2220
S1.Z1.17 26.11000
S1.Z1.18 260.0000
S1.Z1.19 399.0000
/

0.306

0470

100
0.511
0.765

0.765
5.110
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TICZ(S,ZJ) T IN FOR COLD STREAMS
S1.Z1.J1 16.11000

S1.21.J2 132.7800

§1.21.J3 20.00

TOCZ(S,ZJ) TOUT FOR COLD STREAMS
S1.Z1.J1 132.7780

SLZLJ3 30.00000
*

t INTRODUCE THE FCp:
FH(S,]) FORHOT STREAMS

SI.L 177.826
SI1.13 120.158
SI1.15  59.1990
SIAT 102417
S1.18 211705

FC(S,J) FORCOLD STREAMS

St 752.594
S1J2  673.422

+ USETHE MAX FCp FOR THE UTILITIES
+

SETS FREEH(I)

11*19

/ FREEC(J)

J3

PARAMETER BIF(Z.1.J)

ZI11J1 0

t PARAMETER MAXNEXCHPERMATCH MAXIMUM NUMBER OF MATCHES WHEN BIF=1;
t MAXNEXCHPERMATCH =2

PARAMETER SPH(l)  SH in paper

(11,13,15,17,18,19) 1
(12,14,16) 0

PARAMETER SPC(J)  SC in paper

I’ ]

J2 1

J3 1

PARAMETER NIH(I) Non isothermal splitting for hot streams in paper
M .
PARAMETER N1C(J) Non isothermal splitting for cold streams in paper
J 0

PARAMETER DTV10(IJ)

y11*|9).(31*J3) |



PARAMETER KMAX(ZTJ)

7I.I1.J]

PARAMETER DTHU()

f 1

PARAMETER DTCU(J)
B0

PARAMETER FMAXHU(I)
19 100000

PARAMETER FMAXCU(J)
33100000

PARAMETER CHU(I)

19 19.750

PARAMETER CCU(J)

iS 1.861
PARAMETER CSS(I) Cost of side stripping
122033
14 2033
16 2033

PARAMETER CF,;

PARAMETER CAN;
CAN = 171.4;
PARAMETER CAE;
CAE = 171.4;

** Retrofit
PARAMETER AEX(Z, )

Z1.11.J3 515.685
21121 2239.929
Z1.13.J1 1000.000
Z1.13.J2 204.200
Z1.13.33 617.797
Z1.14J1 572.096
Z1.1432 179.428
Z1.15J1 133.625
1K

T9 790 809
noion 5467822
Z1.16.J3 1845

Z1.17.31 608.858

Z1.17.2 798.965

71173 425.397

711833 240.7

711932 44895

/

PARAMETER AEX_B(K.Z,1J)

K1.21.11.J3 515.685
PARAMETER NHEO0(S.Z,1,J)
S1.Z21.11.03 1

S1.21.1231 1
S1.Z1.13J1 1
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§1.21.13J2 1
§1.71.13J3 1
§1.Z2J.1401 1
§1.21.14J02 1
§1.Z1.15J1 1
§1.Z115J2 1
§1.71.15J3 1
§1.71.16J3 1
S1.Z11701 1
§1.21.17J2 1
1211733 1
§1.71.18J3 1
§1.71.1902 1

PARAMETER AEX (Z, )

Z1.11.J3 3000
Z1.12.J1 3000
Z1.13.31 3000
Z1.13.J2 3000
Z1.13.J3 3000
Z1.14J1 3000
Z1.14.32 3000
211531 3000
71.15.32 3000
Z1.15.3 3000
Z1.16.J3 3000
Z1.17.J1 3000
Z1.17.32 3000
Z1.17.J3 3000
Z1.18.J3 3000
71.19.32 5000

PARAMETER AEX_U_B(K,Z, )
KI.Z1.11 31 3000.000
PARAMETER A_NEW_MAX(Z, )
Z1 (11*14).(31*J3) 5000.000
PARAMETER MAXNEWHEX
Maximum Number of new exchangers 11
**Ol;r****************************************************************************

PARAMETER QLHMIN
* Minimum heat that can be transferred within an interval Hot streams

PARAMETER QLCMIN
* Minimum heat that can be transferred within an interval.Cold streams

PARAMETER AMAX

]m Maximum area per exchanger

PARAMETER ASHELLMAX
Maximum shell area
15000/;
PARAMETER TOTNEXCHMAX
Maximum NUMBER OF EXCHANGERS
1900/:
PARAMETER TOTNEXCHMIN
Minimum NUMBER OFEXCHANGERS

PARAMETER DTmin
]0, Minimum DELTA T

* END OF INPUT PARAMETERS

SCALARS Si, Zi, Mi, Ic, Ji
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PARAMETERS IHminZ(S,Z,1),IHmaxZ($,Z,)),IHmax(S,1),IHmin(S,1),HOT(S,1, M),
HOT2(S M) HOTZ(S,.Z,IM), ICminZ(S,Z3)ICmar(s,Z,J)jcmin(S,d),
ICmax(S,J),COLD(S,J,M),COLD2(S,M), COLDZ(S,Z,J,M), H_I( ,IM), H_J( ,J M)

FOR(Si=l TO CARD(S),
FOR(Zi=l TO CARD(Z),
FOR(Ic=] TO CARD(I),
JHMiInZ(S,Z,1)$[ORD(S)=Si AND ORD (I)=I
AND ORD(Z)=1]= 0+ [$[N1Z(5,Z,1)>= 1];
IHminZ(S$,Z,1)S[ORD(S)=Si AND ORD(I)>|
AND ORD(Z)=1]= 0+
{ M((ZZI)$[ORD(I)<ORD(N.NIZ(S,ZZ,H))+I }$INIZ(S,Z.])>=];
IFIminZ($,Z,1)${ORD(S)=Si AND ORD(Z)>1]= 0+
{SUM((ZZ,I)$[ORD(11)<ORD(N]NIZ(S,ZZ,11))
+SUM(ZZS[ORD(2Z)< Zi|NIZ(S,ZZ )}+1 }$[N1Z(S,Z,1)>=1];
IHmaxZ($,Z,1)S[ORD(S)=Si AND ORD(I)=]c AND ORD(Z)=Zi]= 0+
{IHMInZ(S,Z,)+N1Z(S,Z,1)-1 }$[N1Z(S,Z,1)>= 1];
JHmin(S,))$[ORD(S)=Si AND ORD(I)=Ic]=
SUM[Z${SUM (ZZS$[ORD(ZZ)<=ORD(Z)-I,N1Z(S,2Z 1))=0}IHminZ(S,Z,)];
[Hmax(S,1)${ORD(S)=Si AND ORD(I)=lc]=
SUM[Z${SUM (ZZ$[ORD(ZZ)>=ORD(Z)+I,N1Z(S,2Z,1))=0} ) HmaxZ(S,Z,1)];

FOR(Mizl TO CARD(M),
HOT(S,M)$[ORD(S)=Si AND ORD(I)=lc AND ORD(M)=Mi]= 0+
1S[ORD(M)>= IHmin(S,1) AND ORD(M)<=IHmax(S,1)];
HOT2(S,M)S[ORD(S)=Si AND ORD(M)=Mi]= 0+ IS[ORD(M)<=
SUM (IS(ORD(1)=CARD (1)), IHmax(S:));
HOTZ(S,Z,1,M)$S[ORD(S)=Si AND ORD(I)=ic AND ORD(M)=Mi
AND ORD(Z)=Zi]= 0+ J$[ORX>(M)>= IHminZ(S,Z,1) AND ORD(M)<=IHmaxZ(S,Z,1)];

FOR(Ji=l TO CARD(J),
JCminZ($,Z,J)$[ORD(S)=Si AND ORD(J)=I AND ORD(Z)=1]= 0+
{ LIM(S[ORD(I)=CARD(I)],IFImax($,1)+1 }$[NJZ(S.Z,3)>=1];
ICminZ($,Z,J)$[ORD(S)=Si AND ORD(J)>IAND ORD(Z)=]}= 0+
{ M{IS[ORD(])=CARD(I)]4Hmax(S1)}
+SUM ((ZZJ3)$[ORD (JI)<ORD ()] NIZ(S,2Z33))+1 )$INIZ(S.Z J)>=1];
)CminZ(S,Z J)$[ORD(S)=Si AND ORD(Z)>1]= 0+
{SUM{ISORD(1)=CARD(I)],IHmax(5,1)}
-iSUM((ZZ J3)$[ORD(JI)<ORD (I)INJZ(S,2Z.33))
+SUM (ZZS[ORD(22)< Zi]NJZ(S,2Z )+ ISINIZ(S.Z I)>=1];
JCmaxZ (s Z,J)${ORD(S)=Si AND ORD(J)=Ji AND ORD(Z)=Zi]= 0+
{ICminZ (8,2 J)+NJZ (8,2 I)-1 }$INIZ(S,Z 3)>=1];
ICmin(S,J) SLORD(S)=Si AND ORD (J)=ii]=
SUM [Z${SUM (ZZS[ORD(ZZ)<=ORD(Z)-1]NJZ($,2Z,3))=0} ICminZ(S,Z J)];
K'max(SJ) $[ORD(S)=Si AND ORD(J)=Jil=
SUM|Z${SUM (ZZS$[ORD(ZZ)>-ORD(Z)+Ij,NJZ(S,2Z I)H},ICmaxZ(S,Z J)];

FOR(Mi=l TO CARD(M),
COLD(S,J,M)$S[ORD(S)=Si AND ORD(J)=Ji AND ORD(M)=Mi]= 0+
1$[ORD(M)>= ICmin(S,J) AND ORD(M)<=ICmax(S,J)];
COLD2(S,M)$[ORD(S)=Si AND ORD(M)=Mi]= 0+
ISORD (M)>SUM (J$(ORD (1)=CARD(1))4Hmax(s,]))
AND ORD (M)<- SUM (J$(ORD(J)=CARD(J))ICmax(s I))];
COLDZ(S,Z,J,M)$[ORD(S)=Si AND ORD(J)=Ji AND ORD(M) Mi
AND ORD(Z)=Zi]= 0+ IS[ORD(M)>= ICminZ($,Z,J)
D)

AND ORD(M)<=ICmaxZ($,Z,J)];
PARAMETERS DT(S,M),TU(S,M), TL(S,M),CPH(S],M),CPC(S,3,M),DHH(S,I,M)DHC(S,J.M)
CPH_U(S,IM),CPC_U(S,J,M),CPH_L(S,IM),CPC_L(S,IM);

DT(SM)=  M((ZI)S[HOTZ(S,.Z,IM)=I]{[TIHZ(S,Z1)-TOHZ(S,Z )]/
[IHMaxZ (S™,1)-IHminZ (S.Z1)+1]})$[H O T2(S,M)=I]+

M ((ZJ)$[COLDZ(S,Z,IM)=11{[TOCZ(S,Z,3)-TICZ(S,Z, )]/
[ICmaxZ($,2,J)-ICminZ($,Z, J)+1]})$[COLD2(S M)=11;

FOR(Si= 17O CARD(S),
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FOR (Mi=I TO CARD(M),
TU(S.M)$[ORD(S)=Si AND ORD(M)=Mi]= {SUM((Z,1)$[HOTZ(S,ZJ M)=1
AND ORD(M)=IHminZ(S,Z,)], TIHZ(S,Z,1)$[ORD(M)=IHrninZ(S,Z,1)])
+ SUM((Z,)$[HOTZ(S,Z,I,M)-IAND ORD(M)>IHminZ(S,Z,1)AND
ORD(M)<=IHmaxZ(s,Z,1)],
[TIHZ(S Z,1)-(ORD(M)-IHminZ(S,Z,1))*DT(S,M)]S[ORD (M)>
IHMinZ(S,Z,1)AND ORX)(M)<=IHmaxZ($,Z,1)])}$[HOT2(S.M
+ {SUM((Z,3)$icOLDZ(S,Z,J,M)=1AND ORD(M)=iCminZ(S.Z,
TOCZ(S,Z,J)$[ORD(M)=ICminZ(S,2)])
+ SUM((2J)$[COLDZ(S,Z,J,M)=1 AND ORD(M)>ICminZ(S,2J)
AND ORD(M)<=ICmaxZ(s,2.J)],
[TOCZ(S,Z,3)-(ORD(M)-ICminZ($,Z,J))*DT(S.M)IS[ORD(M)>
ICminZ(S,Z,J)AND ORD(M)<=]CmaxZ(s,Z,J)])) [COLD2(S,M)=1];
TL(S.M)$S[ORD(S)=Si AND ORD(M)=Mil=
{SUM((Z J)$[HOTZ(S,Z,IM)=] AND ORD(MHHmaxZ($,.Z])],
TOHZ(S,Z,)S[ORD(M)=IHmaxZ(S.Z,1)])
+ SUM ((Z,)$[HOTZ(S,Z,I.M)=1 AND ORD(M)<IHmaxZ(s.Z,1)
AND ORD(M)>=IHminZ(S,2.1)],
[TOHZ(S,Z |) (IHmaxZ($,Z,])-ORD(M))*DT(S,M)J$[ORD (M)<
IllmaxZ(S.Z,1)AND ORD(M)>=IHminZ(S,Z,1)])}$[HOT2(S,M)=I]
+ (SUM((Z,J)$[COLDZ(S,Z,J,M)= IAND ORD(M)=ICmaxz(S,2J)],
TICZ(S,23)S[OFLD(M)=ICmaxZ(S,Z,3)])
+ SUM((Z,3)$[COLDZ(S,Z,J M)=IAND ORD(M)<]CmaxZ(s,Z,3)
AND ORD(M)>=ICrninZ(s,Z,J)].
[TICZ(SZ,3)+(ICmaxZ(S,Z,])-ORD(M))*DT(S,M)]$[ORD(M)<
]CmaxZ($,Z,J)AND ORD (M)>-1CminZ(S:2J)[)) ${COLD2(S M)= I];

)7)]
I

CPH_U(S]M)S[HOT(S,IM)=1] = A cp_ H()*TU(SM)+B ep H(I) ;
CPC-U(S JM)$[COLD( JM)=I ]:A ¢p C(I)*TU(S.M)+ B_cp_C(d) ;
CPhIT(ST,M)S[HOT(S,I,M)=1] = A_cp_H(I)*TL(S )+B e H()
CPCII(SA.M)S[COLD(S,J,M)=1] = A _cp_C()*TL(S,M)+ B cp C() ;
CPH(SJM)S[HOT(SH M)=1] = (CPH_U( LM)+CPH_L(sT ))/2
CPC(S,J,M)$[COLD(S,IM)-]] = (CPC_U( JM)+CPC_L( IM))2

FOR(lc=) TO CARD(l),
DHH (S I M)$[ORD(S) SiAND ORD(M)=Mi AND ORD(1)=Ic
AND HOT(S,iM)=1]= FH(S,1)*CPH(SIM)*[TU(S,M)-TL(S,M)] ;

FOR(Ji=l TO CARD(J),
DHC(S,J,M)$[ORD(S)=Si AND ORD(M)=Mi AND ORD(J)=Ji
AND COLD(S,J,M)=1]= FC(SI)*CPC(SIM)*[TI(S.M)-TF(S.M)] ;

)

PARAMETER HHEAD(S,M N), CHEAD(S,M,N), LMTD(S,M N), D(S,Z,M N)
i MATCH ALLOWED BASED ON LMTD
ALLOW (S,Z,1,J), ALLOW _H(S,Z,IM J), ALLOWC(S.ZJ M 1), ALLOW 2(Z,1,J) ;

HHEAD(S,MN) = {TU(S,M)-TU(S,N) + DTmin}$[HOT2(S,M) AND COLD2(S N)];
CHEAD(S,MN) = {TL(SM)-TL(S,N) + DTmin}$[HOT2(S,M) AND COLD2(SN)j

LMTD(S,M,N)= {[HHEAD(S (s
ILOG[HHEAD(S,M N)ICHEAD(S

AND CHEAD(S,M N)>0 A

+ jHHEAD(S,M ,N)+CHEAD(S,M N)]!

AND (HHEAD(S,M N)< CHEAD(S,

N)-CHEAD(S M

M NI

M N)ISIHHEAD(S,M N)> 0
HHEAD(S,M,N)> CHEAD(S,M N)]
$IHHEAD(S,M N)>0 AND CHEAD(
M

M
ND

2}8[ S
M N)OR HHEAD(S,M N)= CHEAD(S,M

M N)>0
N))i;

D(S,ZM.N)= 1$[{HOT2(S,M)=1 AND 110T2( N)=I AND SUM[I$(HOT(S IM) 1
AND HOT(S,IN)=I),HOTZ(S,Z,1,M)]=I AND SUM[IS(HOT(S,IN)=1
AND HOT(SIM)=|)HOTZ(SZIN)]=1}
OR {COLD2(S M)=IAND COLD2(S,N)= AND SUM[J$(COLD(S,JM)=I
AND COLD(S,J,N)=1),COLDZ(S,Z,J,M)]=LAND SUM[J$(COLD(S,JN)=1
AND COLD(S,JM)=1),COLDZ(S,Z,J,N)H}

OR {(HHEAD(S,M N)>-0.00001 AND CHEAD(S,M N)>=0.00001)

ANDSUM[IS(HOT(S!I,M)=1),HOTZ(S,ZLM)]=I
AND SUM[J$(COLD(S,JN)=I),COLDZ(S,ZJ N)J=I};

OR {LMTD(S,M,N)>0 AND SUM[IS(HOT(S I M>=I)HOTZ(S,Z,I M )H
AND SUM[J$(COLD(S,J,N)=1),cOLDZ(S,Z,J N)J=I}];



FOR(Si= 1TO CARD(S),
FOR(Zi=! TOCARD(Z),
FOR(Ic=] TO CARD(l),
FOR(Ji=l TO CARD(J).
ALLOW (S,Z.1,3)$[ORD(S)=Si AND ORD(Z)=Zi AND ORD(I)=Ic
AND ORD(J)=Ji]= 0+ 1${SUM [(M,N)$[HOT(S.1,M)=1
AND COLD(S,JNH].D(S,Z,M,N)] >0
AND NOT[HU(I)AND CU(I)]};
FOR (Mizl TO CARD(M),
ALLOW _H(S,Z,IM J)${ORD(S)=Si AND ORD(Z)=Zi AND ORD(l)=Ic
AND ORD(J)=Ji AND ORD(M)=Mi
AND HOT(S,I,M)=1]= 0+
I { M[NS[COLD(S,JN)=1],D(S,Z,M N)] >0AND NOT[HU(I)AND CUI)]};
ALLOW _C(S,Z,J,M ])S[ORD(S)-Si AND ORD(Z)=Zi AND ORJD()=lc
AND ORD(J)*Ji AND ORD(M)=Mi AND COLD(S,J,M)=1]= 0+
1${SUMNS[FIOT(S3.N)=1],D(S,Z,NIM)] >0AND NOT[HU(I)AND CU(J)]) ;

FOR(zZi=l TO CARD(Z),
FOR(Ic=I TO CARD(I),
FOR(Ji=] TO CARD(J),
ALLOW 2(Z,1,3)$[ORD(Z)=Zi AND ORD(I)=lc AND ORD(J)-Ji]- (1
))) { UM[ ALLOW (S,Z.U)] >0AND NOT[HU(I)AND CD(I)]};
1

VARIABLES
TCOST
PAR(Z1,J)
Q(S,Z,I,M,JN)  heat load for process-process match
QNEW _M( Z1JM)
QNEw In (S,Z,1JN)
QNEW2 M( .z, M)
QNEW2~N(S,Z,1,J,N)
Y M( .z, M)
yIn(S.Z,LIN)
ylm B(S,Z,1,0M)
Y_NJB(S.Z,ILJN)
NHE~M0(S,Z, M)
NHEjvii(s'z,UM)
nhelno(s,z,ijn)
NHE~N1(s'zJ,JN)
nhelmo_b(s,z,ijm)
NFIE~MI~B(S,zjljjM)
NHE Nolb(s,z,1.JN)
NHE~Ni"B(S,Z,I,LN)
NHE(S.Z,1,J)
ALFA_M(S,Z,1JM)
AT FA NTS/ §dNT
FHU()  * ISFCcPHU (MI_h C)
FCU(J) isFCP CU(Mj3 jC)
BI(S,Z,IM,JN) X(imjn) inthe paper
QH(S.Z,I,MN)
QC(S,Z,J M N)
Q2(S.Z,I,M JN)
X1_B(S,Z,I'j,M)
XB(S.K,Z, M)
PAR B(K,Z, )
USHELL(Z,i,9)
SHE |, BtK.Z, )*

*ADD FOR RETROFIT
PARIM( .Z,1J)
PAR_N B(K.Z,1J)
DPARITZ, )
DPAR3_B(K,Z,1.J)
NHE (1, )
DELTA(K K)

*ADD FOR PUMP-AROUND CASE

FPY(S,Z1JM)  Caseof BIF=0



FPY B( ,Z.1IM)

FPA(S,Z1JM)

FPK_H _0(S,Z,13M)

FPKjfo B( ,Z,I,JM)

FPK*¢j)(S,Z 1,J )
I (

FPKFI(,ZLIM)
FPKJIJ B( ,Z1IM)
FPK~C-1( ,Z,1IN)
XM (S,Z,1,MIN)
FPQ(S,Z,1JM)
(IR)
YW(S.Z,1IM)
K _0(,ZIJIVLR)
KW I( .. MR
WA(S,Z,1,JM R)
XW (S,Z,LM J N R)
WQ(S.Z.IIM R)
QPA()

TOTAL QPA MIN
totallgpalmax
Cost_side_stripping_steam
SST(1)

SSTI(I)

SST~2(1)

SST "uB

V®
L,

Case of BIF=1

POSITIVEVARARLEQQNEVR QN2 NQCCHQLPAR ELPARE RPIR N

,qnewlm,qnew n,yw kw OKWJwaxw,qpa fp
MO bJiHE M1 B.NHE .
delta,y_m b\yln bJ<heJV|onheJV|lN-EWWA
integer variable HH1SHL B

BNARYVARABLE e
EQUATIONS

_M(S,Z,1LIM)
TRANSFORM 1,J
HBHS_NI(, M
HBCSANI( JN)
NOISOHC ,I.M)
NOISOC(S,JN)
BINARYJVIL( Z,]
BINARYJv12(S,Z,I,
BINARy Im ].B(S,Z,IJM)
BINARYJvI2JB(S,Z,U M)
binarylni(S,z,ijn)
binary!n2(sz,ij,n)
BINARYJ41J3(S,Z,1JN)
BINARY~NZB(SZ,1LN
BINARY_M5(S,Z|
BINARYAMS5b( ,Z,
BINARYIM3( Z,I,
BINARy I'm4(S,Z,1,

(
S,z
BINARY JvI8(S,Z,I.
binary"M9(S,Z,L
(§,2
(5,2

<_.<_._b—‘
== <

BINARY Im6(S,Z,1,j
binaryJVIT(S,Z)].
BINARYJVI3_B(S,Z,I
B)NARY_N5(S, N
BINARYINSh( ,Z

WP L L

M,Y_N)X1 BX_B.NHE_
LFA~ MALFA N
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FEAS END3 B(S,Z,1,J.M N)

FFASENDB(S.Z,

FEASIEND2_B(S&j,J,MN)

PAREQ(S.Z,”)

BIFJ3J2(S,K.Z, M)
BIFJ3J( ,k'z,UM)

BIFJ4(S k2 ,1))

BIFJ5(S,Z, M)
*BIFi6(S,Z, M)
BIFIT(S,Z, M)
BIFJ8(S,Z,10,M N)
SHELL(Z, )

SHELL B(K.ZI,
KMAXT(S.Z, )
KMAX2(S,Z,13)
TOTALCOST

J)

*EXTRA EQUATIONS NOT IN PAPER

TOTNEXCHIJVIAX
KOTNEXCHIVIIN

*ADD FOR RETROFIT

AREARESTIL( .z,
AREA~REST2(S,Z I,
AREal rEST3(S,Z.I,
AREAJUEST4(S,z'

AREA_REST5(S,Z,
*AREA_REST6(S,Z,
AREA _REST7(S,Z,

AREA RESTI B(SK,Z,

AREAJIEST2JB(S)]

C

AREal rESTBJB(S‘lQ
S.K

S.K

(S K,
arealrestblb(s'z,].j

AREal rEST4JB(
AREAJRESTS5JB

LIM HEX(S,M)

"Equation for Pump-around

PAY( IM)
M
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PA~20(S,zjl',
PA~21(S,Z,
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PA~ 52(SZ|
PA~53(S,Z,1,
PA~54(5,2,1, )
Pal55(S,z",j'm)

apAg?ZIJ

PASE
PA~59

'—(_.(_l
ZEZZ
==:

PA~61( ,Z.1JM)

HBHU(S,],M)$(HOT(S M)zl
FHU(1)*(TU(S,M)-TL(S,M)) =E
AND COLD(S,JN)=1

AND ALLOWJH(S,Z,IM 3)=1 AND ALLOW C( ,ZJNI)=1AND FREEC(3)),Q(S,Z,I,M JN));

N HU()AND FREEH(1))..
= SDM((Z,N,J)$(D(S,Z,M N)=] AND TL(SN) LT TU(S,M)

HBCU(S,J,N)$(C

OLD(S,J,N)=I AND CU(J) AND FREEC(J))..
FCU(I)*(TU(S,N)-TL

)=

(

(S,N))=E= SUM((Z,M,)$(D(S,Z,M ,N)=1 AND TL(S,N) LT TU(S,M)
AND HOT(S,I,M

]
AND ALLOW H{ ,Z,IMJ)=1 AND ALLOW C(S,Z,J,N,I)=1 AND FREEH(1)),Q(S.Z,].M J.N));

HBHS(S,I,M)$(HOT(S,I,M ):lAND NOT HU(I) AND
FREEH() ND NIH(I) AND NOT PA(I))..
DHH( ): S,M)AND COLD(S,J N)=I

=SL)M((Z,N,J)$(D(S,Z,M N)=1 AND TL(S,N) LT TU(
ALLOW H( ,Z,MJ)=1 AND ALLOW C($,Z,J, ):1) (S.Z,IM IN));

HBCS(S,J.N)$(COLD(SJ,N)=T AND NOT CU(J) AND FREEC(J) AND NIC(J)=0)..
DHC(SIN)-E=SUM ((Z,M ])$(D(SZ M N)=1 AND TL(S,N) LT TU(S,M)AND HOT(S,I.M)=1
AND ALLOW H( ,Z,LMJ)=1AND ALLOWC(S,Z,J,N,1)=1),Q(S,Z,I.M J,N));

TRXNSFOR_M(S,Z,1,JM)$(HOT(S,I,M)=I AND ALLOW _H( ,Z,]M J)=1

AND FREEH(I) AND FREEC(J))..

QNEW _M(S,Z.iJM)= E:SUM(N$(D( M N)=1
)= 0

AND TL(S,N) LT TU(S,M)
AND COLD(S,J,N)=I AND ALL )

= D )
W_ ( JIND)=0,Q(S,Z2,1,M I N));
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TROSERH ApAPSIH ADALOHCSZIN

QNEW _N(S,Z,” N)=E=SUM (M$(D(S,Z M, N)=l AN (SN) LT TU(S,M) AND HOT(S,|M)=I
AND ALLOW Jf(S,Z,I.M,3)=1),Q(S,Z,1M J.N));

HBHS NI(S,],M)$(HOT(S,I,M)=1 AND NOT HU(I)
AND FREEH(I) AND NIH(])=1 AND NOT PA(l))..
DFIH(S,I,M)-E= SUM((ZN,J)$(D(S,Z,M N)=1 AND TL(S,N) LT TU(S.M)

AND COLD(S,J,N)=I AND ALLOWJT(S,Z,LM J)=1AND ALLOW _C( ,Z J.N,])=1),
+SUM((Z,N)$(D(S,ZM N)=1 and HOT(S,]N)=l and ORD(N) GT ORD(M)),Q (s, IN, )
-SUM ((Z,N)$(D(S,Z,M ,N)=1 AND HOT(S,LN)=I AND ORD(N) LT ORD(M)),QH(S,Z.IM N));

HBCS_N]( ,J,N)$(COLD(S,J,N)=I AND NOT CU(J) AND FREEC(J) AND NIC(J)=1).
DHC(SJN) E SUM((Z,M,1)$(D(S,Z,M ,N)=1 AND TL(SN) LTTU(SM)AND HOT(S,I,M)=I
AND ALLOW_H(S,Z,|, J)=1 AND ALLOW _C(S,Z,J,N.I)=1),Q(S,Z,1,MJN))
+SUM((Z,M)$(D(S,Z,M N)-1 ND COLD(S,J,M)=I AND ORD(M) LT ORD(N)),QC(S,Z,J, M N))
):

SUM((Z,M)S(D(S,Z,M,N)=1 AND COLD(S,JM)= AND ORD(M) GT ORD(N)),QC(S,Z.JNM)):

NOISOH( JIM)$(HOT(S,IM)=I AND NOT HU(I) AND FREEH(I) AND NIH(l)=
M((z, )$(D(S,Z,M,N)=1AND HOT(S,I,N)=I AND ORD(N) LT ORD(M)),QH

=L=SUM(Z,NJ)$(D( .Z M N)=) AND TL(SN) LT TU(S,M) AND COLD(S$,J,N)=]

AND ALLOW _H( ,Z,IMJ)=1 AND ALLOWJC($,Z.J.N,1)=]),Q(5,Z,1,M I.N));

1).
(S,Z,I,M,N))

)= 1)..

NOISOC(SJN =
( ,QC(S,ZJ,N.M))
)=l

$(COLD(S,I N) ] AND NOT CU(J) AND FREEC(J) AND NJC
SUM(( (

L
M)$(D(S,Z,M ,N)=1 AND COLD(S,J,M)=1AND ORD(M) GT ORD(N
(ZM,1)$(D(S,Z,M N)=1 AND TL(S,N) LT TU(S,M) AND H
AND ALLOW H(S,Z,1M J)=L AND ALLOWIC(S,Z JN,)=1)Q (5.2 ]

zzc

0T(S I

JMLJIN));

*EQ (I la and 13a) Case of BIF(1,J)=0 (ij) not belonging to set B.

BINARY_MI(S,2,],J,M)S>(HOT(S,]M)=I AND ALLOW H(S,Z,1,M J)=1 AND B1F(Z,1,J)=0
AND FREEH(I) AND FREEC(J)AND NOT PA(D).

QNEW _M( Z]JM)Y M( ,Z1LIM)*DHH(S,I,M)$(NOT HU(1)

Y Mz, M)P*EMAX_HU(I)*DTHU(I)$(HU(I))=L=0;

*EQ (lib and 13b)  Case of BIF(1,J)=0

*kkkkk kkkkkkkkk MINIM

BINARY _M2( ,Z,1.JM)$(HOT(S,I,M)z=I ALLOW _H( ,Z,IM J)=1 AND BIF(Z,1,J)=0 AND
FREEH(I) AND FREEC(J) AND NOT PA(]))..

QNEWJm (S,Z,1,IM)-Y_M(S,Z ]I M)*QLHM IN=G =0;

(ij) not belonging to set B

UM VALUE OF QNEW _M=0.01!1HHH1111
AND

PA

*EQ (11aand 13a) Case of BIF(y)=1 (ij) belonging to set B
BINARY_M1_B( ,Z,1,J,M)$(HOT(S,,M)=1 AND ALLOW _H( ,Z,IM,J)=1 and BIF(Z,1,J)=1
AND FREEH(I) AND FREEC(J)and NOT PA(I))..
QNEW _M( ,Z,1,J,M)-Y_M _B(S,Z,1,I,M)*DHH(S,I,M)$(NOTHU (i)
Y _m b (S.Z,LIM)*FMAX_HU(I)*DTHU(1)S(HU(1))=L=0;

*EQ (LIb and 13b) Case of BIF(1,J)=1

=1 (ij) belonging to set B
BINARY_M2_B( Z,IJM)$ (HOT( M)z
() A ’?

i
)=land ALLOW _H(S.Z M J)=l and BIF(Z,1,J)=1
0T PA(I))..

LHMIN -G - 0;

and FREEH® AND FREEC(J
QNHW _M(S,Z,iLM)-Y M B(SzZ, LL

*EQ (12a and 14a) Case of BIF(1,J)=0 (ij) not belonging to set B

BINARYJ4L( ,Z,1LIN)$(COLD(S,JN
AND FREEH()A

QNEW N( ZLIN)-Y_N( ,ZIJN)
2 N( ZLIN)EMAX C

)=l AND ALLOW J3(S,Z,J.N,I)=] AND BIF(Z,],3)=0
D FREEC(J))..

*DHC(S,JN)$(NOT CU(J))
U(J)*DTCU()$(CU(I)=L==0;

*EQ(12band 14b) Case of BIF(1,J)=0 (ij) not belonging to set B
BINARY _N2( ,Z,1,J,N)$(COLD(S,J,N)- AND ALLOW C(SZJ, I)=1AND B1F(z,1 J)=0
AND FREEH(I) AND FREEC(J)).. QNEW_N( N)=Y_N(S,ZLIN)*QLCMIN=G=0;

HQ(ae! 4 CeofBRH. () byt
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BINARY N1 B(S.Z, N)$

N1 (COLD(S,J,N)=I AND ALLOW _C(S,Z,JN,)=1 AND BIF(Z.I J)=I
AND FREEI(I) AND FREEC(J)
QNEW N(S.Z, N)-Y_N_B(
Vo b ( ZLINFFMA

(NOT CU(J))

D
).
_B(S,Z, ,N)*DHC(S,JN)$
MAX_CU@J)»DTCU(J)$(aj(d))=L=0;
*EQ(12band 14b) Case of BIF(],J)=! (ij) belonging to set B
BINARY_N2_B(S,Z, ,N)$(COLD(S,J,N)-I AND ALLOW_C(S,ZJN,I)=1 AND BIF(Z,1,J)=1

AND FREEH(I) AND FREEC(J). QNEW N(SZ, N)-Y_N B(S.Z, ,N)J*QLCMIN=6=0;

*EQ (15)NOT NEEDED
* GAMS WRITES ITAUTOMA TICALLY WHEN IT WRITES EQUATION (18)

BINARY M5( ,Z, ,M)$(HOT(S]M)=l AND HOT(S.LM-I) AND ALLOW _H( ,Z,IM J)=1
AND A1l oW _H(S,Z,1M-1,J) AND B)F(Z,1,J)=0 AND FREEH(I) AND FREEC(J))..
NHE_MO0(S.Z, \M)z=L=2-y1m (S.Z, ,M)-Y_M(S.Z.1J.M-1):

*EQ (17) IS IN REALITY NOT NEEDED, BUT WAS ADDED TO ENFORCE K=0 WHEN Y =0
*AND HOT(S,IM-1) AND ALLOW _H(S,Z,I,M-1J)AND ALLOW . H (S/.I,M.J)-1
* AND ALLOW _H(S,Z,I.M J)=1

BINARY_MSb(S,Z,I,J,M)$(HOT(S,I, )=l AND ALLOW _H(S,Z,I,M,J)=1AND BIF(Z, )=0
AND FREEH(I) AND FREEC(J)).. NHE_MO(S,Z, ,M)=L=Y _M( ZIJM);

* ITTURNS OUT THAT THIS EQUATION ONLY FORCES THE VALUES OF KTO BE ZERO

*  WHEN Y=0, WHICH HAPPENS NATURALLY IF ONE ISMINIMIZING THE NUMBER OF

* EXCHANGERS ORBECAUSE THE FIXED COSTS ARE BEING MIN IM1ZED.

* EVENIFNOT DRIVEN TO ZERO BY THE OBJECTIVE FUNCTION IT IS HARMELESS.
*HOWEVER, ITTURNS OUT THAT ITCOULD MAKE EXTENSIONS OF THE MODEL HAVE
*PROBLEMS. SO, ALTHOUGH THE EQUATION ISNOT NEEDED, IT GIVES SOME EXTRA VALUES
%OF K WHEN THEY DONOT REALLY MATTER.

BINARY M3( Z
AND FREEH(I) AN
NHE_MO( ,Z,1JM

JLIM)S(HOT(S,IM)=I AND ALLOW H( ,Z,I,M J)=] AND B1F(Z.],)=0
D FREEC(i))..
)=G=Y _M(,ZLIM):Y_M( Z1JIM-1) (HOT(S,IM-1)

AND ALLOW=H(S,Z,IM-1,0) ;

BINARY M4(S,Z,1.J,M)$(HOT(S,I,M)= AND HOT(S,,M-I) AND ALLOW H(S.Z,I.M J)=1
AND ALLOW H(S,Z,1,M-1J) AND BIF(Z,1,J)=0 AND FREEH(I) AND FREEC(J))..

* NHE_MO0(S,Z,1,J,M)=G=0;

*EQ (20)NOT NEEDED

g GAMS WRITES IT AUTOMATICALLY WHEN IT WRITES EQUATION (18)

*EQ (21)

BINARY _M8( Z,I,JM)S(HOT(S,IM)=I AND HOT(S,I,M+) AND ALLOW H(S*],M J)=1

AND ALLOW H(S.Z,IM+1 ) AND BIF(Z,1,J)=0 AND FREEH(I) AND FREEC(J))..
NHE M1(,Z LI M)=L=2-Y_M( ,Z1IM)-Y_M( Z1IM+1);

*EQ (22) :ORIGINALLY NOT NEEDED, BUT ADDED TO ENFORCE K=0 WHEN Y=0
* " AND HOT(STM-I) AND ALLOW H(5,Z,IM-1,J)
BINARY MO( Z,1,JM)$(HOT(S,I,M)=IAND ALLOW _H( ,Z1,M J)=I AND BIF(Z,1,J)=0
AND FREEH(I)AND FREEC(J))..
NHE M 1(S,Z1JM)=L=Y M( ,Z1LIM);

* SEECOMMENTS ON EQUATION (17)

BINARY M6( ,Z,1.J,M)$(HOT(S,M)=1 AND ALLOW H(S,Z,1,M J)=I AND BIF(Z 1J)=0
AND FREEH(I) AND FREEC(J)) NHE MI( ,Z1JM)=G=Y_M( Z1JM)Y_M( ,ZIIM+1)
$(HOT(S,IM+1) AND ALLOW _H(S,Z, I M+13)) ;

BINARY M7( ,Z,1JM)S(HOT(S,I,M)=I AND HOT(S,I,M+I) AND ALLOW H(S Z.LM J)=1
AND ALLOW H(S,Z,I,M+1J) AND 1BIF(Z,1J)=0 AND FREEH(I) AND FREEC(J))..
NHEIV1L(S.Z, M)=G=0;
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BINARY M3 B(S,Z,1,J ) M)S(HOT(S,I,M)=1 AND ALLOW _H(S,Z,I.M J)=1 AND BIF(Z,1J)=]
AND FREEH{I) AND FREEC(J))..

Y_M_B(S,Z, ,M)=E=SUM(0$(HOT(S,1,0)=] AND ORD(O) LE ORD(M)

AND ALLOW H(S,Z,L0,J)=I)NHE M0JB(S,Z, ,0))

-SUM (0$(HOT(S,1,0)=] AND ORD (0) LE [ORD(M)-I]
AND ALLOW _H(S,Z,1,0,3)-])NHE Mi_B(S,Z],J,0);

*EQ (26)NOT NEEDED
* GAMS WRITES IT AUTOMATICALLY WHEN IT WRITES EQUATION (18)

*EQ (27)
BINARY N5(S,Z, ,N)$(COLD(S,J,N)=I AND COLD(S,J,N-1) AND ALLOW C(S.Z,JN,I)=]
AND ALLOW _C( ,Z,JN-11)AND BIF(Z,]J)=0 AND FREEH(I) AND FREEC(J))..

NHE NO( .z, N)=L=2-Y_N( ,ZLJN)-Y N( Z, N-I);

*EQ (28)NOT NEEDED, BUT ADDED TO ENFORCE K=0 WHEN Y=0
*  AND COLD(S,J,N-I) AND ALLOW C(S,ZJN 11)
BINARY N5b(S,Z, N)$(COLD(S,J,N)=I"AND ALLOW C(S,Z,J,N,1)=I AND BIF(Z,1,J)=0
AND FREEH(I) AND FREEC(J))..
NHE_NO( .z, N)-L= Y _N(S.Z1JN);

* SEECOMMENTS ON EQUATION (17)

BINARY N3( ,Z,1,I,N)$(COLD(S,JN)=I AND ALLOW C( ,ZJNI)=1 AND BIF(Z,1,J)=0

AND FREE!1(1)AND FREEC(J))..

NHE NO( Z1IN)=G=Y N( .z, ,N
$(COLD(Sjj,N-I)

)-Y N( Z1IN-1)
AND ALLOW_ C( .ZJN-L1));

BINARY_N4(S,Z,I,J, )$(COLD(S,J,N)=I AND COLD(SJN-I) AND ALLOW C(S,Z,JN,I)=1
AND ALLOW _C( ,Z,JN-1,1) AND B1F(Z,1,J)=0 AND FREEH(I) AND FREEC(J)).
NHE_NO( .z, N)=G=0;

“EQ (31)NOT NEEDED
GAMS WRITES ITAUTOMATICALLY WHEN IT WRITES EQUATION (18)

*EQ (32)
BINARY _N8( ,Z,IJN)$(COLD(S,JN)=I AND COLD(S,J,N+I) AND ALLOW CSZJ,N,I)

AND ALLOWJN% |\( tl m—é%l\m’jwvw ny\TRIi'EIjEECQ

*EQ (33)NOT NEEDED BUT ADDED TO ENFORCE K=0 WHEN Y=0
*  AND COLD(S,J,N-) AND ALLOW ,C( ,Z,JN-1,)
BINARY N9(s7z, N)$(COLD(S,J,N)=I AND ALLOW C(S,ZJN,I)=LAND BIF(Z,1,3)=0
AND FREEH(I) and FRIEEC(J)).
NHENL( ,ZJJN)=L=Y _N( ZLIN);

* SEECOMMENTS ON EQUATION (17)

*EQ (34)

BINARY N6(S,Z, ,N)S(COLD(S,J,N)=I AND ALLOW _C( ZJN

AND FREEH(I) AND FRIEEC(J)).. NHE N1( .z, ,N)=G=Y _N($Z
$(COLD(SIN+1) AND ALLOW C(S,Z,J,N+

1)=1 AND BIF(Z, )=0
JIN)-Y N(S,Z, N+I)
L1));

*EQ (35)

BINARY_N7(S,Z,ILJN SJ

AND ALLOW _C(S,Z,J,N+I,I) AND
N

-
>
(=)
o
—
o

= AND COLD(S,JN+I) AND ALLOW C(S,Z,JN,I)=1
F(Z,1J)=0 AND FREEH(I) AND FREEC(J))..
EN1(SZ;.1,JN)=6=0;

)
|

BINARY N3 B( ,Z,1J,N)$(COLD(S,JN)=I AND A li.ow C(S.Z.LN.I)-U AND BIF(Z,.1J)=1
AND FREEH(I)AND FREEC(J))..

Y N_B( ,Z,1,J,N)=E=SUM (0$(COLD(S,3,0) AND ORD(O) LE ORD(N)
AND ALLOW _C( ,Z,J,0,I) NHE_NO B(S,Z,1,J,0)) - SUM(0$(COLD(S,J,0) AND ORD(O) LE
ORD(N)-IAND ALLOW C( ,Z,J,0,1)))NHE_NLB(.Z, ,0));

13)=1 AND FREEH(I) AND FREEC(J))

HEACOUNT_MO( ,Z,1J)$(ALLOW (S,Z,
)=l AND ALLOW _H(S,Z,I.M J)=] AND BIF(Z,LJ)=1),

NHE(S,Z, )=E=SUM(MS(HOT(S M



M$(HOT(S,]M)=1 AND ALLOW _H(S.Z,IM J)=I
Z, M),

*EQ (38)

HEJCOUNT NO(S,Z 13)$(ALLOW (S ,Z,I,J) | AND FREEH(I) AND FREEC(J))..
NIIE(S,Z;1JH-;=SUM (NS(COLD(S,J,N)=] AND ALLOW _C(S,Z,J.N,I)=I AND BIF(Z,1J)=1),

+SUM (NAC0iS(S,J,N)=I AND ALLOW _C( ,Z,J,N,I)=1 AND BIF(Z,1,J)=0),
NHE NO( .z, N));

HE COUNTJVH( z, ) (ALLOW(S,Z,
NHE(S.Z,1,jj=E= SUM(M$(HOT(S] ): i AND ALLOW _H(S,Z,IM 3)=1 AND BIF(Z,1,J)=1),
+

NHE M1 B(S,Z, .M)) (M$( T(S.,M)=I AND ALLOW _H(S,ZJ,MJ)=I
ANDBIF(Z, )=0), NHEJVH( .z, ,M));

)=1 AND FREEH(I) AND FREEC(J))..

HE COUNT N 1( Z1J)$(ALLOW (S,Z,1,3)=1 AND FREEH(I) AND FREEC(J))..

NFR(S,Z, SUM (NS(COLD(S,J,N)=I AND ALLOW C( ,ZJN,))=1 AND BIF(Z,)J)=1),
NHE N 1_B( ,Z,I,J,N))+ SUM(N$(COLD(S,J,N)=I AND ALLOW C($,ZJ,N I)=I

AND BIF(Z, )=0), NHE_N]( .z, .N));

NEXCH(S,Z,1J)$(ALLO ( ,Z,1J)=1AND BIF(Z, )=0 AND FREEH(I)
AND FREEC(J)).NHE(S,Z, )=L-1;

NEXCH _B(S,2, ) (ALLOW (S.Z,1,J)=1 AND BIF(Z.]J)=1 AND FREEH(I)
ANDFREEC(J))In HE(S,Z, K 1=KMAX(Z, );

BIFJ(,Z,1,J,M ,N)J(D(SZM NhI AND Tt(S,N) LT TU(S,M)AND HOT(S,I,M)=I
AND COLD(S,J,N)-l AND ALLOW H(S,Z,IM,J)=1 AND ALLOW C( .Z,JNI)=1
AND BIF(/.13) 1AND FREEH(I) AND FREEC(j) AND NOT PA(])]..

M (L$(D(S,Z,L,N)=1AND ORD(L) LE ORD(M) AND HOT(S,I,L)zl
AND ALLOW H(S,Z,1,LJ)=1),
QNEW _M(SZ,IJL))-QNEW2 M( .z, ,

SUM (0$(D(S,Z,M,0)=I AND ORD(0)LE QRD(

QNEW _N(S,Z,1.3,0)) - QNEW 2_N(S,Z ; N)
+B1(S,Z,I M j'n) *4* max(SUM (L$(D(S,Z,LN
AND HOT(S,I,L)=1 AND ALLOW _H( ,Z,I,L.J)=1)DHH(S,I,.L)),
=] AN D ORD(0) LE ORD(N)
D ALLOW _C( ,Z,J,0,1),DHC(S,,0));

): —
N) AND COLD(S,J,0) AND ALLOW C( ,Z,],0.1)),
)=1 AND ORD(L) LE ORD(M)

M (0$(D(S.Z M ()
AND COLD(S,d,0) AN

*EQ (44

BIF_g( ),z, M N)$(D(S,ZM N)=L AND TL(S,N) LT TU(S,M)AND HOT(S,I,M)=I

AND COLD(SJ,N)~LAND

ALLOW H(S,Z M J)=1AND ALLOW _C( ,ZJN,I)=LAND BIF(Z,1J)=1 AND FREEH(I)

AND FREEC(J)AND NOT PA(l))..

SUM(L$(D(S,Z,L,N)=1 AND OFUD(L) LE ORD(M) AND HOT(S,I L)zl
AND ALLOW H( Z,1LJ)=1),
QNEW M (S.Zjy.L) - QNEW2_M(S,Z
M (0$(D{S,Z,M,0)=1 AND 0RD(0)L

1

. ): =
E ORD(N) AND COLD(S,J,0) AND ALLOW C( ,Z,3.0.1)),
QNEW N(S.Z, ,0))-QNEW2.N( ZLIN)
-BL(S,Z,I,M,JN) *4* max(SUM (L$(D(S,Z,L N)=I AND ORD(L) LE ORD(M)
AND HOT(S,1,L)=1AND ALLOW H(S.Z,I.L,J)=]),DHH(S IL).),
M (0$(D(S,Z,M,0)=1 AND ORD (0) LE ORD(N)AND COLD(S,3,0)
AND ALLOW _C(S,Z,3,0,1)),DHC(S,J,0)):
B1F 3(5,Z,1,,M N)$(D( ,ZMN)=L AND TL(S.N) LT ( M)AND HOT(S,M)=I
AND COLD(S,iN)-L AND ALLOW H(S$,Z,IM,J)=1 AND ALLOW C( ,ZJN 1)=1
AND BIF(Z, )" ! AND FREEH(I) AND FREEC C(i

)

=1 AND ORD(L) LE ORD(M)
LJ)=)NHEJIVILB(S,Z.1,L))

M ,0)=1 AND ORD(0)LE ORD(N) AND COLD(S,J,0)
0])NHE_N1B( .Z, ,0)
E_MIB(s7z,l,LIM)-NHE N1_B( ,Z]JN);

)
B1(S,Z,I.M JN) =E= 2- 0.25* SUM(L$(D(S.Z,L.N)
ANDHOT(S]L)IAN ALLOW H(S,Z.IL ):
+025*% M(0$(D(S,ZM
AND ALLOW C(S,Z,J.

NH



BIF_4(S Z,1,J,M N)$(D(S,Z.M N)=1 AND TL(S,N) LT TU(S,M) AND TL(S,N) GE TL(S,M)
AND HOT(S,,M)=] AND COLD(S,J,N)=1 AND ALLOW _H( ,Z,I M J)-1

AND ALLOW C(S,ZJN,1)=1 AND BIF(Z,1.J)=1 AND FREEH(I) AND FREEC(J)).
SUM(LS(HOT(S,I,L)=I AND ORD(L) L (M) AND

(
E
ALLOW H( ,Z1LJ)=1)NHE ML1B(,Z, , )
-SUM (0$(COLD(S,J,0) AND ORD(0)LE ORD(N) AND ALLOW _C(S,Z,J.0,1)),
NHEN1B(S,Z, ,0))-6=0;

OR
0

BIF_]1(S,2, JVNS(HOT(S,IM)=I AND ALLOW _H(S,Z,IM,J)=I AND BIF(Z,1J)=1
AND FREEH(I) AND FREEC(J))..
SUM (0$(HOT(S,1,0)=1 AND ORD(0) LE ORD(M) AND ALLOW _H(S,Z,1.0,J)=1),
NHE_M0_B(S,Z, ,0)-NHE M]_B(S.Z, ,0)=L=1f

BIF 12(S,.Z, ,N)$(COLD(SJ,N)=I AND ALLOW _C(S,ZJN 1)zl AND BIF(Z,1J)=1
AND FREEH( )AND FREEC(J))..
SUM (08(COLD(S,J,0) AND ORD(0) LE ORD(N) AND ALLOW J2(S,Z,J,0,1)),
NHE N0 B(S,Z, ,0)-NHE_NI B(S.Z, ,0)=L=1"

BIF 6( .z, ,M)$(HOT(S,M)=I AND ALLOW H(S,Z,IM J)=1 AND BIF(Z,1J)=1
AND FREEH(I) AND FREEC(J))..
QNEW2 M( ,Z.LIM)=L=QNEW M(S,Z, ,M);

BI?9(slz, I, M)S(HOT(S,]M)=1AND ALLOW _H(S,Z,IM,9)=I AND BIF(Z,1J)=1
AND FREEH(I)AND FREEC (J)AND NOT PA(l).
QNEW2 M(S,Z, M)=L=NHE_M0_B(S,Z, ,M)*DHH(S,I,M);

BIF 5( !z, M)$(HOT(S,I,M)=IAND ALLOW H(S,Z,I M J)=1AND BIF(Z,10)=1
AND FREEH()AND FREEC(J) AND NOT PA(T)).
QNEW2 M( ,Z.LLM)=L= NHEJVIL1 B(S.Z, M)*DHH(S,I,M);

*EQ (52) NOT NEEDED. THE VARIABLE ISDECLARED POSITIVE

BIF_8( ,Z, N)$(COLD(S,J,N)=I AND ALLOW C(S,ZJ,N,1)=! AND BIF(Z,1,J)=1
AND FREEH(I) AND FREEC(J))..
QNEW2_N( z, N)=L= QNEW_N(S,Z, N);

BIF_10(S,.Z, ,N)$(COLD(S.J,N)=I AND ALLOW _C( ,ZJN,I)=1 AND BIF(Z,J,J)=1
AND FREEH(I)AND FREEC(J))..
QNEW2 N(S,Z, ,N)=L=NHE N0_B(S,Z, ,N)*DHC(S,JN);

BIF_7( .z, ,N)$(COLD(S,J,N)=I AND ALLOW C(S,Z,JN,I)-1 AND BIF(Z, )-1
AND FREEH(I) AND IRFEC(J)).
QNEW2 N( ,z, N)=L=NHE_N1_B(S,Z, ,N)*DHC(S,JN);

*EQ (56) NOT NEEDED. THE VARIABLE ISDECLARED POSITIVE

FEAS_M _01( .Z,1LJM)$S(HOT(S,IM-1) AND HOT(S,I,M)=I AND ALLOW H(S,Z,1M J)=1
AND ALLOW H(S,Z,I,M-1J) AND BIF(Z,1J)=0 AND SPH(I)=1 AND FREEH(I)
AND FREEC (jj)

ALFA_M{\Z 1] M)=L=1-NHE_M0(S,Z,1,J M-1)-NHE_M0(S,Z,1J M);

FEAS M 01 B( ,Z,IJM)S(HOT(S,I,M-I) AND HOT(S IM)=l AND ALLOW H(S,Z,I,M J)=1

AND ALLOW _H( .z LM-1J)AND BIF(Z,1J)=1 AND FREEH(I) AND FREEC(J))..
ALFA M(SZ 1,JM)-L=1-NHE_MO_B(S",1,J,M-1)-NHE_M0_B(S,Z,1J,M);

FEAS M _02(S.Z, ,M)$(HOT(S,,M-1)AND HOT(S,IM)=l AND ALLOW H(S,Z,IM J)=1
AND ALLOW H(S Z.IM-1,J) AND BIF(Z.1,1)=0 AND SPH(I)=1 AND FREEH(])
AND FREEC(J))..
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ALFA M(SZ M)=L=1-NHE_M1( Z, M-1)-NHE_M1( Z, M);
FEAS M 02 B(sTz, M)S(HOT(S,,M-DAND HOT(S,,M)=I AND ALLOW H(S$.Z,I.M J)=1
AND ALLOW H(S,Z,i,M-1,J) AND BIF(Z,1,J)=1 AND FREEH(I) AND FRIEEC(J)).
ALFalm(S.Z, ,M)=LOT-NHe!m iJb(S,Z, M 1)7lnHE_M1.B(S.Z; ,M);

FEAS M 03(SZ, ,M)$(HOT(S,]M-I)AND HOT(S,IM)=I AND ALLOW _H(S,Z,] M ,J)=I
AND ALLoW H(S,Z,M-1.J)and BIF(Z,1.J)=0 AND SPH(1)=1 AND FREEH(l)
AND FREEC(j)).

ALFA_M(S.Z, M)=G=Y_M(S.Z, ,M)-NHE_MO(S,Z, ,M-1)-NHE_M0(S,Z, ,M)-

AND ALLOW Jh (S,Z,1,M-1,J) AND BIF(Z,1,J)=1 AND FREEH(I) AND FREEC(J))
ALFAJVISZ, MAG=Y_MJIB(S,Z, M)-NHE_MO B( z, ,M-1)-NHEJV10 B(S.Z,IJ,M)
NHelm 1 B(S,Z,ILJM-1)-NHEM1 B(S,.Z, ,M);

FEAS_M _04(S,Z,1.JM)$(HOT(S,IM-1)and HOT(S,IM)=l and ALLOW_H( Z1MJ)=1 and
ALLOWTh(SZIM-1J)and (BIF(Z]J)=1 or SPH(IH)AND FREEH(I)and FREEC(J)).
ALFA_M(SZ, M)-G-0;

, AND ALLOW _H(S.Z,IIM J)=I

FEAS_M 2(S.Z,1LIM)$(HOT 0 (S

| AND FREEH(I) AND FRLLC(J)AND NOT PA(I)).
T
U(SM

(HOT(

AND ALLOW H(S,Z1M-Ij
QNEW _M( ,27i.J,M)I(CPH(S,
QNEW _M( .Z,1LIM-1)/(CP
+H(1-ALFA M(SM1,0M))*D

S,IM-1) AN
i) (1
S L(SM)))

SPH
(TU(

| M-D*(TU(S M-D)-TL (S M-1))
(S..M)I(CPH(S JM)*(TU(S.M)-TL(S.M)));

D H
N )28
I M)* M)
H(S,
FIH

*EQ (62
FEAS(_M)_I( 2, M)S(HOT(S,,M-) AND HOT(S],M)=I AND ALLOW _H(S,Z,I .M ,J)=I
AND~ALLOW _H( ,Z,IM-1 J)AND SPH(I)=1 AND FREEH(I) AND FREEC(J)AND NOT PA(I).
QNEw!m (S, M)I(CPH(S,,M)*(TU(S.M)-TL(SM)))
F(1-ALFA_M( ,Z,1J,M))*DHH (S,1,M)I(CPH(S,1,M)* (TU(S, )-TL(S.M)
=G=QNEW _M(S,Z,1,3,M-1)[(CPH(S,I,M-1)*(TU(SM-1)-TL(S,

Z:

1))

FEAS M 3(S,Z, ,M)$(HOT(S,,M-I) AND HOT(S,LM)=I AND ALLOW H(S,Z,1M J)=I
M) AI'LOW 11(5Z IM ) AND BIF(Z,1,3)=0 AND SPH(I)=1 AND FREEH(I)

AND FREEC(J)AND NOT PA())..

-QNEW M ( .z, M-l)/(CPH(S,I M-1)*(TU(S,M-1

+ QNEW™Im (3,2, \M)/(CPH(S,IM) )-TL(S.M)))
+(1+ NHE_M1( .z, M-I)+ NHE_M1( Z,]JM)-NHE_MO0(SZ, M-I))
*DHH (SjTm )I(CPH (S,I,M)*(TU(S,M)-TL(S.M)))* 1.00001=G= 0:

)-TL(S,M-1)))

FEAS_M _4(S,Z, ,M)$(HOT(S,I,M-]) AND HOT(SI, )=l AND ALLOW H(S$,Z,1M J)=1
AND ALLOW _H( ,Z,1,M-1,J) AND B1F(Z,1,J)=0 AND SPH(I)=1 AND FREEH(I)

AND FREEC(J)AND NOT PA(I))..

“QNEW M(S,Z, ,M)I(CPH(S,LM)*(T(J(S.M)-TL(S,M))

+ QNEWIM (S,Z,1,3M-1)/(CPH (S, M-D)*(TU(S,M-1)-TL(S,M-1)))

+(1+ NHE_MO( .z, M-1)+NHEMO(S,Z,1.J,M)-NHE_M 1( ,Z,1j.M))

*DHH (sX m )/(CPH(S,I,M)*(TU(S,M)-TL(S,M)))* 1.00001 =G= 0;

FEAS M 3.B_2(S.Z,1,J,M)$(HOT(S,IM-I) AND HOT(S,IM)=I AND ALLOW H(S,Z,1M J)=1
AND ALLOW J4(sTz I,M-1,J) AND BIF(Z,1.J)=1 AND SPH(I)=1 AND FREEH(1)

AND FREEC(J)AND NOT PA(L))..
QNEWJIVL(S,Z, M-1)I(CPH(S,IM-1)*(
QNEW Im (S,Z,]'3,M)I(CPH(S,I,M)*(TU(
F(L+NHE mV b(S,Z,1LIM-1)+NHelm 1 B(
*DHH(SJM)/(CPH(ST,M)*(TU(S,M)-TL(S,M

FEAS_M _3JB_1( ,Z1,J.M)$(HOT(S,I,M-I) AND HOT(S,IM)=I AND ALLOW H(S,Z,1,MJ)=!
AND ALLOW"IH(S,Z.IM-1J) AND B1F(Z,1,J)=1 AND SPH(I)=1 AND FREEH(1)
AND FREEC(f) AND NOT PA(l))..
QNEW2_M(S,ZILM-I)/(CPH(S,IM- |)*(TU(S M-])-TL(S,M-1))
QNEWIM (,z, M)/(CPH(S,,M)*(TU(S,M)-TL(SM)))+ (2+N
-NHelmo!b(S.Z, M-1)-y!m_B(.,Z, M-I)
1 *DHH(S, M)/(CPH(S,I,M)*enj(S,M)-TL(S,M)));

I)-IE W1 B(S.Z,1,IM)
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*EQ (67)

FEAS_M _4 B(S,Z,1,,M)$(HOT(S,I,M-I) AND HOT(S,M)=1 AND ALLOW _H(S.Z,1M.J)=]
AND ALLOW H(S,Z,I,M 1J)AND BIF(Z,1J)=1 AND SPH(I)=1 AND FREEH(I)

AND FREEC(J) AND NOT PA(I))..

(QNEW _M(S Z,1 I M)-QNEW2 M ( ,z, ,M))I(CPH(S]M)*(TU(SM)-TL(SM)))

ONEW M (S,23,M-1)/(CPH (STiMN)*(TU(S,M- 1-TL(S M-1))

+(2+ NHE_M0_B(S,Z, ,M-1)-NHE_ M1 B( .z; M)-Y M B( z, ,M))
SDHH(S, 1 M)I(CPH(S, \M)*(TU(S,M)-TL{SM)):

*EQ (68)
FEAS M 1 SP(S,.Z,1.JM)$(HOT(S,I,M-I) AND HOT(S,I,M)=I AND HOT(S,IM+I)
AND ALLOW _H( ,Z,IM J)=1
AND ALLOWJH(S,Z,IM-1.J) AND ALLOW _H(S.Z,I,M+1J) AND BIF(Z,1J)=0 AND SPH(I)=0
AND FREEH(I) AND FREEC(J) AND NOT PA(l))..
QNEWJIVI( ,Z,1JM)=G=(Y_M(SZ,1IM)-
NHE_MO(S,Z, M)+ NtrejMI(iz,UM))»DHH (SIM):
FEAS M _1_SP_B( ,Z,1.J,M)$(HOT(S,|M-I) AND HOT(S,I,M)=l AND HOT(S,I,M+I)
AND ALLOWJ3(S,Z,IM J)=1
AND ALLOWIH(S,Z,I,M-1.J) AND ALLOW H(S,Z,J,M+1,J) AND BIF(Z,1,J)=1 AND SPH (1)=0
AND FREEH(I) AND FREEC(J) AND NOT PA(i))
QNEW _M(S.Z, MAGKYIMIBfSALLIVO-
NHH MOB(S,Z,U.M)+NHE_M0_B(S.Z, ,M))*DHH( ,LM);

FEAS N 01( ,z, ,N)$(COLD(S,JN-I)AND COLD(S,J,N)-I AND ALLOW C(S,Z,J,N,I)=I
AND ALLOW ¢ ( ,Z.JN-1,1) AND BIF(Z, )=0 AND SPC(J)=1 AND FREEH())
AND FREEC(J)).

ALFA_N( ZLJN)=L= I-NHEINO(S,Z,I,IN)-NHE _NO(S,Z,1 J,N-1);

FEAS N 01 B(s7z, ,N)$(COLD(SJ,N-1) AND COLD(S,J,N)-1 AND ALLOW C(S,Z,J.N I)=I

AND ALLOW _C(S,Z,J,N-II) AND BIF(Z,1J)=1 AND FREEH(I) AND FREEC(jj)..
ALFa7n ($,Z,UN)=L=1-NHE_N0_B(S,Z,I,J,N)-NHE_N0_B(SZ,LJN-I);

FEAS_NJ)2(S,Z,1,JN)$(COLD(S,JN-I) AND COLD(S,J,N)=I AND ALLOW C(S,Z,JN,I)=1
AND ALLOW C( ,Z,JN-1,1) AND BIF(Z,13)=0 AND SPC(J)=1 AND FREEH(I)
AND FREEC( ))
N(S,Z,1,JN)=L=1-NHE_N1( ,Z, N)-NHE_N1( Z,1,IN-1);
IEAS_N 02 B(SZ |, N)$(COLD(S,J,N-iyAND COLD(SIN)=I AND ALLOW C(S,ZI,N,I)=1
AND ALLOW _C( ,Z,JN-i,l) AND BIF(Z.1.3)=1 AND FREEH(I) AND FREECY)).
ALFA N(S,Z1,IN)=L=]-NHE N] B( ,Z,IJN)-NHE N1 B( .Z, N-L):

FEAS N _03(S,Z,1,J,N)$(COLD(S,J,N-1) AND COLD(S,J,N)=I AND ALLOW C(S,ZJN,I)=1

AND ALLOW _C(S,Z,J,N-1.I) AND BIF(Z,1J)=0 AND SPC(J)=1 AND FREEH(I)

AND FREEC(i))..

ALFA N(,Z, N)=G=Y_N( Z,I,JN)NH

-NHE_N1( ,Z]JN)-NHE_ 13

FEAS_N 03 B(S,Z, ,N)$(COLD(SJN-1) AND COLD(S.JN)=I AND ALLOW C(S,Z,J,N,1)=1

AND ALLOW _C( ,Z,JN-1,1) AND BIF(Z,1,J)=1 AND FREEH(I) AND FREECjj).

ALFaln (5,2, 7JN)=(i=Y_N _B( ,Z,1JN)-NHE_NO_B( ,Z,1.J,N)-NHE_NO_B( ~,1JN-1)
-NHE_NI_B(si,l,JN)-NHE_NI_B(S,Z,1J.N-I);

E_NO( ,Z,ILJN)-NHE_NO(S.Z, N-1)
NHE N1( ,Z,1JN-1);
D

FEAS N _04(S,Z,1.J,N)$(COLD(SJN-1) AND COLD(S,J,N)=I AND ALLOW C(S$,ZI,N,I)=1
AND ALLOW C(S,Z,JN-LI) AND (BIF(Z, )=1 OR SPC(J)=1) AND FREEH(I)
AND FREEC(J))..

+ ALFA_N(S.Z, N)=G=0;
FEAS_N_2(S.Z,1J,N)$(CO LD(SJN ) AND COLD(S,J,N)=I AND ALLOW C(S,Z,JN,I)=1
AND ALLOW C( ,Z,JN-11) AND SPC(J)=1 AND FREEH(I) AND FREEQJ)).
QNEw 1n (5,2T1I,N)I(CPC(S,I,N)*(TU(SN)-TL(SN))=L=ONEW N( ,Z,1J.N-1)
I(CPC(S,JN-1)
*(TU(S.N-1)-TL(S.N-1)))+(1-ALFA_N( ,Z,I,J,N))*DHC(S,J,N)I
* (CPC(S,JN)*(TU(S.N)-TL(S,N));
—_— ”

FEASNI( ,ZIJN)$(COLD(S,JN-I)AND COLD(S,J,N)=I AND ALLOW _C(S,ZJ N ])=1
AND ALLOW _C(S.Z j,N-I,I) AND SPC(J)=1 AND FREEH(I) AND FREEC(J))..
QNEW N(S,/ UNy(CPC(S.J,N)*(TU(S,N)-TL(SN))

+(]-ALFA_N(S,Z,1,3,N))*DHC (S,J.N)



[(CPC(S,J,N)*(TU(S,N)-TL(S.N)))=G=QNEW _N( ,Z],JN-1)/
(CPC(SJIN-1)*(TU(SN-1)-TL(S,N-1)));

I ASISL3( Z, ,N)$(COLD(S,J,N-1) AND COLD(S,J,N)=1 AND ALLOWj: ( ,ZJIN,I)=1

AND ALLOW _C(S,Z,JN-11) AND BIF(Z,].J)=0 AND SPC(J)=1 AND FREEH ()

AND FREEC(J))..

-QNEW _N( .z, N-]ICPC(S,IN-I*(TU(SN
(53

( A)-TL(SN-1))
SJN)*(TU(SN)-TL(SN)

-]
+QNEwln(SZJ|J JI(CPC ))+(1+NHE N1(S,Z,1,J N-1)
FNHENL( z, N)
-NHEINO( z, ,N-1))*DHC(S,J,N)/(CPC(S,J,N)*(TU(S,N)-TL(S,N)))*L00001 =G= 0;
*EQ (76)
FEAS N _4(S,Z, ,N)$(COLD(S,J,N-I)AND COLD(S,J,N)=l AND ALLOW C(S,Z,JN])=I

AND ALLOW C(S,Z j,N-L1)AND BIF(Z,1,J)=0 AND SPC(J)=1 AND FREEH(I)

AND FREEC(J))..

QNEW _N( .z, N)I(CPC(S,J.N)*(TU(SN)-T (,N)))

FQNEW™ N(S,Z,1LIN-1)/(CPC(S,d N-1)*(TU(S,N-1)-TL (S N-1)))

+(1+NHE_NO(S,Z,i,J,N-1)

+ NHE_N(j( ,zjJN)-NHE N 1( 2, , ))*DHC(S,J,N)/
(CPC(S,J,N)*(TU(S.N)-TL(S,N)))* 1.00001=6=0;

*EQ (17)

FEAS N 3 B 2(SZ, N)$ (COLD(S,J,N-I)AND COLD(SI,N)=!

AND ALI5w C(S.ZJN =1

AND altow"C(S,Z,J,N-11) AND BLF(Z,1J)=1 AND SPC(J)=1 AND FREEH(I)

AND FREEC(J))..

-QNEW _N(S,Z, N-D)I(CPC(S,IN-1)*(TU( N-1>-TL(S,N-1)))
+QNEWIN(S,Z, )/(CPC( JIN)*(TU(S,N)-TL(S.N)))

#(1+NHE N1 B( 2, N-1)+NHE N1 B( .2, N)-NHE NO_B( 2z, N-I))
SDHC(SJN)ICPC (S N)*(TU(S,N)-TL(SN))=6=0,

*EQ (18)

FEAS_N_3_B_1( ,Z,]J,N)$(COLD(S,J,N-1)AND COLD(S.J N)=I

AND ALLOW C( ,Z,J.N,IH

AND ALLOw ic(Sz',N-11) AND BIF(Z, )=1 AND SPC(J)=] AND FREEH())
AND FREEC(J))..

-QNEW2_ N( Z,1,J,N-1)/(CPC(S,J,N-l)*(TU(, 1)-TL(SN-1)))
+QNEW N(S,Z, N)I(CPC(S,JN)*(TO(SN)-TL(SN)))+(2 + NHE N1 B( ,Z1IN)
-NHE NO_B( .z, N-1)-Y_N_B(S,Z,Ii,N-1))

" *DHC(SINJICPC(SJN)*(TU(S,N)-TL(S.N))=6=0

FEAS N 4 B( .z, ,N)$(COLD(SJ,N-1)AND COLD(SJ,N)=I AND ALLOW C(S,ZI.N,I)=]
ANDALLOW C( ,Z,JN-1,I) AND BIF(Z,1J)=1 AND SPC(J)=1 AND FREEH(I)
AND FREEC(jj)..
-(QNEW _N(5.Z, N)-QNEW2_N( .z, N)I(CPC(
+ QNFow In (S\z LIN-1)/[(CPC(S,J,N-1)*(TU(S,N-1)-
+(2+ NHENOB(S,Z,1,I,N-1) -NHn_NI_B(S,Z,IJtN)-Y N _
*DHC(S,J,N)I(CPC(S.iTn )*(TU(SN)-TL(S,N)))A>0;

FEASNI _SP(S,Z, ,N)$(COLD(S,J,N-1) AND COLD(S,J,N)=I AND COLD(S,J,N+)AND
ALLOWIC(S,Z,J,N,I)= AND ALLOW C(S,Z,JN-I,I) AND ALLOW C(S,Z,J,N+11)

AND SPC((J)=0 AND FREEH(I)AND FREEC(J)).. QNEW N( .z, N)=G=
(Y _N(S.Z,JJN)-NHE_NO( ,z, N)-NHE N1( ,Z,lJ.N)*DHC(SJN);

FEAS N_1_SP B( .z, ,N)$(COLD(S,J,N-I) AND COLD(S,JN)=I AND COLD(S,]N+I)
AND ALLOWJC(S,Z N 1)=1 AND ALLOW _C( ,ZJN-1,1) AND ALLOW _C(S,Z,J,N+L])
1

N)

AND SPC(J)-0AND FREEH()) AND FREEC(J)).. QNEW N( Z =G=
N)*DHC(SIN);

):
(Y N B(S,Z,1J,N)-NHE NO B(S,Z, ,N)-NHE N1 B(S,Z,

FEAS BEG_SP( ,z, ,MN)$(TL(S,N) LE TU(S,M)AND TU(S,N) GE TL(S,M)
AND HOT(S,I,M)=I AND COLD(SJN)=I AND ALLOW H(3,Z,1,M,J)=1

AND ALLOW _C(S,Z,JNI)=I AND BIF(Z.1,J)
AND SPH (1)=0AND SPC(J)=0 AND FREEH(I
TL(SM)-TL(S,N) - QNEW _N(S,.Z, N)I(FC
+ QNEW _M(S,Z, M)I(FH(S,I)*CPH(S,I.M))

M
N

=0
)AND FREEC(J) AND NOT PA(I))..
(S,9)*CPC(S,JN))
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FEAS BEG B SP(S,Z,1,J,M N)$(TL(S,N) LE TU(S,M) AND TU(S,N) GE TL(S,M)
AND HOT(S,i7m)=L ANDCOLD(SJN)=l and ALLOW_H(S,Z,I,M J)=1

AND ALLOWC(S,ZJN,I)=1 AND BIF(Z, )-1

AND SPH(1)=0AND SPC(J)=0 AND FREEH(I) AND FREEC(J) AND NOT PA(]))..
TL(SM) - TL(S.N) -QNEWJA( ,Z,1JN)I(FC(S,J)*CPC(SIN))

+ QNEW _M( ,Z,1JM) I(FH(S,)*CPH(S,I,M))

+ (2-NHEIMO_B( ,Z,1.J,M)-NHE_N0_B(S,Z,1,JN))*TU(S.N)=6=0;

*EQ (82)

FEAS END SP(S,Z,1J,M N)S(TL(S,N) LE TU(S,M) AND TU(S,N) GE TL(S,M)

AND HOT(S,I,M)=I AND COLD(S,J,N)=I AND ALLOW _H( ,Z,I.M JH

AND ALLOW _C(S,Z,JN,I)=I AND BIF(Z,1,J)=0

AND SPH(1)=0AND SPC(J)=0 AND FREEH(I) AND FREEC(J) AND NOT PA(I))..

TU(S,M)-TU(SN)

QNEW _M(,Z,LIM)I(FH(S,)*CPH(S,IM)) +QNEW _N( .Z,LIN)I(FC(SJ)*CPC(S,J.N))
+(2-NHE_M1(S,Z,].JM)-NHE_NI( ,Z.TJN))*TU(SN)=G==0,

FEASENDB SP(S.Z,1,J,M,N)$(TL(S,N) LE TU(S,M) AND TU(S,N) GE TL(SM)

AND HOT(S,I,M)-l AND COLD(S,i,N)=I AND ALLOW _H(S.Z,IM J)=I

AND ALLOW _C(S,Z,J,N,1)=I AND BIF(Z,1J)=1

AND SPH(1)=0 AND SPC(J)=0 AND FREEH(I) AND FREEC(J) AND NOT PA(]),

TU(S,M)-TU(SN

-QNEW _M(S,ZI

)
J,
+(2-N

JI(FH(S,1) M)+ QNEW N(S.Z,IIN)I(FC(SJ)*CPC(S,I.N))
E_MI_B(SZ,1,J,M)-NHE_NI B(S*Z,I,J,N))*TU(S,N)=G =0;

FEAS BEG3(S,Z,1,J,M N)$(DTVIO(IJ)=I AND D($,ZM N)=1 AND TL(S,N) LT TU(S,M)
AND TU(SN) GT TL(S,M)
AND HOT(S,I,M)=I AND HOT(S,IM+1)AND COLD(S,J.N)=I AND COLD(SJ,N+|)
AND ALLOW _H(S,Z,IM J)=I
AND ALLOWIH(S,Z,I.M IJ) ND ALLOWJ2(S,Z,J.N.I)= AND ALLOW _C(S Z JN+1,1)
AND BIF(Z,1,J)=0 AND (SPH(I)=1 OR SPC (J)-1) AND FREEH(I) AND FREEC(J))..

NHE N](S.Z,LIN)=L=(2-NHE_M0(S,Z,1,J,M)-NHE N0(S,Z 1J.N));

*EQ (84)
FEAS BEG(S,Z,1J,M N)$(DTV10(1,3)=1 AND D(S,Z,M N)=1 AND D(S,ZM N)=1

AND TU(S,N) GT TL(S,M) AND HOT(S,I,M)=I AND HOT(S,I.M+l) AND COLD(S,J,N)=1

AND COLD(S,JN+1) AND ALLOWJ3(S,Z,IM J)=1 AND ALLOW _H(S,Z I.M+L1]J)

AND ALLOW _C( ,ZJN,I)=1 AND ALLOW _C(S,Z,J,N+11) AND BIF(Z,1,3)=0

AND (SPH(I)=1 OR SPC(J)=1) AND FREEH® AND FREEC(J))..

QNEW _N(S,Z,1JN)/(TU(S,M)-TL(S,N))=L=QNEW N(S,Z,I,J N+1)

I(TU(SIN+1)-TL(S,N+1))* CPC(S,J,N)ICPC(S,J N+1j
+(2-NHE_MO0(S,Z,1,3,M)-NHE_NO0(S,Z,1,i,N))*DHC(S,J,N)/(TU(S,M)-TL(S,N));

FEAS BEG2(S,Z,1M N)$(DTV10(1J)= D D(S,Z,MN)=1 AND TL(SN) LT TU(S M)
ANDTU(SN)GTTL(S,M)ANDHOT(S, )=| ANDHOT(S,IM+I) ANDCOLD(S,J.N)=I
AND COLD(S,J,N+I)

AND ALLOw Lh ($,Z,1MJ)=1 AND ALLOW _H( ,Z,I,M+1J)AND ALLOW C( ZIN D=1
AND ALLOW _C( ,Z,JN+LI1)AND BIF(Z,1,3)=0 AND (SPH(I)=1 OR SPC(J)-1)
AND FREEH(I) AND FREEC(J)AND NOT PA(l))..
QNEwlm(SZ,I,JM)/(MIN(TU(SM)TU(SN))TL( M))=G=

QNEW _M( ,2j,J,M+1)/(TU(S,M+1)-TL(S,M+))
*CPH(s7M)ICPH(S,1,M+1)-(2-NHE_MO( ,z, ,M)-NHE_NO( ,Z,1,I,N))
*DHH(S,I,M+1)/(TU(SM+i)-TL(SM+1));

86
FE?\S(JE)NDS(S,Z,I, MN)$(DTVI0(1,3)=1 AND D(S,Z,M N)=] AND TL(S,N) LT TU(S,M)
AND TU(SN)GT T ( ,M)
AND HOT(S ],M) ND H

AND ALLOW H( Z I,M,J)
AND ALLOW!Ks'zj.M-IJ
AND BIF(Z,1J)=0 AND

NHeTm 0(S,Z,1,JM)=L=(2-

OT(S,,M-) AND COLD(S,J,N)=I AND COLD(SJ,N-I)
1
)

ANI)ALLOW C( ,ZJN,1)=1 AND ALLOW C(S,Z,JN-1,1)
H(I)-T OR SPC(J)=1) AND FREEH(I) AND FREEC(J)).
HE_ M1( ,Z,1JM)-NHE_N1(S,Z, N));

Z_U“

FEAS END(S,Z,LJ,M N)$(DTVIO(U)=I AND D(S,Z,M N)=1 AND TL(SJvf) LT TU(S M)
AND TU(S,N) GT TL(S,M )ANDHOT(S,I,M) I'AND HOT(S,LM-I) AND COLD(S,J,N)=l
AND COLD(S,J,N-I) AND ALLOW FI(S,Z,I.M J)=I AND ALLOW _H( ,Z.LM-I J)
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AND ALLOW _C(S,Z,JN.])=I AND ALLOW _C(S,Z,JN-1,I) AND BIF(Z, )=0
AND (SPH(1)=1 OR SPC(J)=i) AND FREEH(i) AND FREEC(J) AND NOT PA(l))..

QNEW M( ,Z,]JM)I(TU(SM)-TL(S,N))=L= QNEW_M( Z L IM-1)(TU(S,M-1)-TL(S M-1))
|CPH(S,I,M)/CPH(SI

M-+ (2-NHE_MI1( z, M)-NHENI1( z, .N))
*DHH(S,IM)I(TU( M)-TL(S.N));
EQ (88)
FEAS END2(S.Z, ,M,N)$(DTVIO(IJ)=I AND D(S,ZM N)=1 AND TL(S,N) LT TU(S.M)
AND=TU(S,N) GT TL(S,M) AND HOT(S,I,M)=I AND HOT(S,IM-I) AND COLD(S,J N)=I
AND COLD(S‘J, ) AND ALLOW _H(S,Z,IM J)=] AND ALLOW _H( .Z,IM-1J)
AND ALLOW (S,Z,J,N,) ] AND ALLOW C(SZ,J,N 11) AND BJF(Z, )=0
AND (SPH(I)=1 OR SPC(J)-) AND FREEH(T) AND FREEC(J))..
QNEW _N(si,lJ,N)/(TU(S,N)-MAX(TL(S,M)TL(S,N)))=G=QNEW N( .z, N-I)/
(TU(S,N-1)-TL(SN-1))

N
*CPC(S,J,N)ICPC(S,J,Nl)( NHE_M 1( L, M)-NHENI( Z, )
*DHC(S,IN-D/(TU( N-I)-TL(SN-1);*

*EQ (89)

FEAS BEG4 B( ,I,J,M,N)S(DTVIO(I‘J)zl AND D(S,Z,M N)=I AND TL(SN) LT TU(S,M)
AND TU(S,N) GT L(S,M)

AND HOT(S,I,M)=I AND HOT(S,I,M+l) AND COLD(S,J,N)=l AND COLD(SJ,N+I)

AND ALLOW _H(S,Z,I.M J)=I

AND ALLOWIH(S,Z,I.M+ J)AND ALLOW _C( ,ZJN)=1 and ALLOWAC( ,Z JN+11)
AND BIF(Z, )=1 AND (SPH(l)=1 OR SPC(J>=1) AND FREEH(I) AND FREEC(J)).

(1+YANAB(S,Z,1J,N)-NHE_M0_B(S,Z,1,J,M)-NHE_N0_B(S.Z 1,J,N));

FEAS BEG? B(SZ LIMN)S(DTVL0(1,J)=1 AND ( ~M,N)=] AND TL(SN)LTTU(S M)
AND TU(S,N) GT TL(S,M)AND HOT(S,I,M)=I AND HOT(S,I,M+]) AND COLD(S,J,N)=I
AND COLD(SJ,N+) AND ALLOW _H(S,Z,I.M J)=1 AND ALI.OW 1](5,Z,I.MM J)

AND ALLOW _C( ,ZJN,1)=1 AND ALLOW C(S,Z,J,N+1,1) AND BIF(Z,1J)=1

AND (SPH(I)=1 OR SPC(J)=1)AND FREEH(I) AND FREEC(J))..

QNEW _N(S,Z,1J,N)/(TU(S,M)-TL(S,N))=L=

QNEWIN(S,Z, N+L/TU( N+1)-TL(S,N+1))

*CPC(SIN)/CPC(S,IN+1)+

(J#Y_N_B(S,Z, N)-NHE_MO0_B( ,Z,IJ.M)-NHE NO B( z, N))
*DHC(S,IN)/(TU(SM)-TL(S.N)j;

FEAS BEGI B( .z, ,M,N)$(DTVIO(I,J)=I AND D(S,Z,M N)=1 AND TL(SN) LTTU(S M)
AND TU(SN)GT TL(S,M)AND HOT(S,I,M)=1 AND HOT(S,I,M+I) AND COLD(S,JN)=I
AND COLD(S,JN+I) AND ALLOW _H(S,Z,I,M,J)= AND ALLOW H(S,Z,IM+1,J)
AND ALLOW C(S,ZJN,I)-L AND ALLOW _C(S,Z,J N+l 1) AND BIF(Z,1J)=1
AND (SPH(I)=1 OR SPC(J)=1) AND FRFFH() D FREEC(J))..
QNEW2 N( ,Z LI N)(TU(S.M)-TL(SN))=L=QNEW _N( ,Z,1.J,N+1)/
(TU( N+1)-TL(S,N+1))
*CPC(S,JN)ICPC(S,JN+I)+(2-NHE_MO_B(S,Z,1.J,M)-NHENOB(S,Z,I,J N))
*DHC(S,i,N)/(TU(S,M)-TL(S,N));

'

FEAS_BEG3_B( ,Z,1.J,M N)$(DTVIO(1,J)=] AND D(S,Z,M N)=1 AND TL(S,N) LTTU(S M)
AND TU(S,N) GT TL(S,M) AND HOT(S,I,M)=1 ANDHOT( J,M+l) AND COLD(S,J,N)=I
AND COLD(S,JN+1) AND ALLOW H( ,ZIMJ)=1 AND ALLOW H( Z,IM+1J)

AND ALLOW _C( ,ZJN,)=I AND ALLOW _C(S,Z,J,N+L1) AND BIF(Z, )=

AND (SPH(I)=1 OR SPC(J)= )AND FREEH(T) AND FREEC(J)AND NOT PA(I)..

QNEW _M( ,Z,LIM)I(MIN(TU(S,M)TU(S,N))-TL(S.M))=G=QNEW _M( .z, M +I)/
(TU( M+1)-TL(S,M+1))

*CPH(S,]M)ICPH(S,1 M+])-(2-NHE M0_B(S”:,1,],M)-NHE_NO_B( ,Z,1JN))
*DHH(S,1,M+1)/(TU(S,M+1)-TL(S,M+]));

1
(

FEAS_END3_B(S.Z,I,IM,

AND TU(SN)GT II(SM)

AND HOT(S,I,M)=1 AND HOT(S,IM-I) AND COLD(S,J,N)=] AND COLD(S,J,N-I)
)

N)$(DTV10(1,J)=1 AND D(S,Z,M N)=1 AND TL(S,N) LTTU(S.M)

AND ALLOW _H( .Z]MJ)=1
AND ALLOw ih($,Z.LM-1,J)AND ALLOW C(S,Z,JN,Iyand ALLOW C( ,ZJN-1))
AND BIF(Z,1,i)=I AND (SPH(I)=1 OR SPC (f)=i) AND FREEH(I) AND FREEC(J))..

(L+Y_M B( ~, ,M)-NHE_MI_B( ,Z, ,M)-NHE_N B(S,Z, ,N));



FEAS_END_B(S.Z,1,J,M N)$(DTVI0(I,J)=1 AND D(S,Z,M,N)=] AND TL(SN) LT TU(S.M)
AND TU(s7n) GT TL(S,M) and HOT(S,I,M)=I AND HOT(S,I,M-1) AND COLD(S,j,N)=1
ANDCOLD(S IN- )A DALLOW _H(S,Z,IM ,J)=IAND ALLOW H(SZIlVIU)

AND ALLOW C( ,ZJNI)=1ANDALLOW _C( ,ZJ,N-1,I) AND BIF(Z,1J)=1

AND (SP11(I)-i OR SPC(jjI) AND FRJEEH(T)AN FREEC(J)AND NOT PA(I))..
(QNEW _M(S,Z, ,M)-QNEW2_M( .z, M))ITU(S.M)-TL(SN))=L=
QNEW _M(S,Z 1, I M-1)]
(TU(S,M-1)-TL(S,M-1))*CPH(S,I,M)ICPH(S,I,M-1)+
(2-NHEMI_B(S,Z,U,M)-NHE_NI_B(S,Z,1,J,N))*DI 1( ,L,M)/(T(I(S.M)-TL(S,N));

*EQ (95)

FEAS_ENDZ_B(S,Z, ,M,N)$(DTVIO(], )=l AND D(S,Z M N)=1 AND TL(SN) LTTU(SM)

ANDTD(S,N) GT TL(S,M) AND HOT(S,I,M)= AND HOT(S]M-I) AND COLD(S,J,N)=1

AND COLD(S,JN-I) AND ALLOW H(S,Z,IM J)=1 AND ALLOW H(S,Z,IM 1J)

AND ALLOW _C(S,Z,JN,I)=I AND ALLOW _C(S,Z,J N-1,1) AND BIF(Z,1,J)-1

AND (SPH(1)=1 OR SPC(J)=1) AND FREEH(T) AND FREEC(J))..
(QNEW N( ,Z,1LIN)-QNEW2_ N( ,Z,I,J,N))/( U(S,N)-MAX(TL(S,M),TL(S.N)))=6=
QNEW _N(S,Z,1LIN-1)((TU(S,N<1)-TL(S,N-1))*CPC(SI,N)ICPC(S,I,N-1)
-(2-NHE_MI_B( z, ,M)-NHE_N1B(S,Z, ,N))*DHC(S,JN-1)/

(TU(SN-1)-TL(S,N-1));

PAREQ(S,Z,I,J)$(ALLOW(

PAR(Z,1J)=E= UM(( N)$

AND COLD(S,J,N)=I

AND ALLOW _H(S,Z,IM J)=I AND ALLOW C( ZIN)=1),
Q(S,Z,1,M JNJI(U(S,1L9)*LMTD (5,M N)));

$.Z,U)=I AND FREEH(I) AND FREEC(J))..
(D(S,Z,M N)=1 AND TL(S,N) LT TD(S,M) AND HOT(S,I,M)=I

*EQ (97
BIF(IS)_Z(S,K,Z,I,J M)$S(ORD(K) LT KMAX(Z,I,J) AND HOT(S,I,M)z]
AND ALLOW _H(S,Z,] M J)=I

AND BIF(Z,I1,J)=1 AND FREEH(I) AND FREEC(J))..

PAR B(K,Z,1J)=L= SUM((LN)$(D(S,Z,L.N)=1 AND ORD(L) LE ORD(M)
AND HOT(SIL)=I D COLD(SJ,N)=I AND ALLOW H( Z,.LJ)=1
AND ALLOW C(S,Z ,,|) 1),

(Q(S,Z,,LIN)7Q2(S,Z.).L JN))I(U(S,1,3)*LMTD(SLN))

tAMa'x*(2-N! LE_M1_B( ,Z,1lJ.M)-X | B(S,Z,1,J,M)-
SUM(KK$(ORD(KK) GT 1AND ORD(KK) LT ORD(K))X_B( KK,Z, M)
+ Comment: In the paper X1_B does not show. Only one variable, X _b 1sused
| to make summations from 1to kmax-1. Flere we use X1_B and then a
* summation from 2 to kmax-1. See equation (100) as well.

*EQ (98)
BIF_13_1( K,Z,1JM)$(OR D( )LT KMAX(Z, ) AND HOT(S,I,M)=1

AND ALLOW H( JM J)=1

AND B1F(Z, )=1 AND FREEH(I)AND FREEC(J)).

PAR B(KZIJ)= SUM ((L,N)$(D(S,Z,L,N)=LAND ORD(L) LE ORD(M)

AND”t L(S,N) LT TU(S,L

AND HOT(S,I,L)=I AND C OLD(SJN) | AND ALLOW _H( ,Z,I,LJ)=1

AND ALLOW C( ,ZJN, )

(Q(S.Z.1.L3n7-02(S.Z,1,LIN})I(U(S.13)* LM TD(S,LN))

AMAX*(2-NHE Ml _B(S.Z»U,M)-X1_B( ,Z IIM)-
SDM(KKS(ORD(KK) GT 1AND ORD(KK) LT ORD(K))X_B(S,KK,Z,1,J,M)));

+ EQ(99)

BIF_14( K,Z,1,J)$(ORD(K) EQ KMAX(Z,1,J) AND ALLOW (S,Z,1,J)=1 AND FREEH(I)
AnS FREEC())and BIF(Z, )=1).

PAR_B(K,Z,1,J)=E=PAR(Z,i)-SLIM (KK$(ORD(KK) LT ORD(K)),PAR_B(KK,Z,LJ));

BLFJ5( ,Z,lJM)S(HOT(S,I,M)=I AND ALLOW _H( ,Z,1,M,J)=1 AND BIF(Z,1J)=1

AND FREEH(I) AND FREEC(J))..
X1_B(,Z, ,M)+SUM(KS(ORD(K)GT 1AND ORD(K)LE KMAX(Z 1,J))
ORD(K)*XJB(S,K,Z, ,M))=E=SUM(L$(HOT(S,I,L)=I AND ORD(L) LE ORD(M) AND
ALLOW FI(S,Z,I,L J)=I)NHE_MO0 B(S,ZI,J,L))+1-Y_M B( ,Z1JIM);

+ Comment: In the paper X1_B doernotlhow. Only one variable, X _B is used

[ to make summations from 1to kmax-1. Flere we use X 1_B and then a

’ summation from 2 to kmax-1.




BIFJT(,Z, ,M)$(HOT(S,,M)=I AND ALLOW H( ,Z,1.M J)=1 ANDBIF(Z,1J)=1

AND FREEH(I)AND FREEC(J))

SUM(N$(D(S,Z,M ,N)=1 AND TL(S,N) LT TU(S,M) AND HOT(S,1,M)=1 AND COLD(S,J,N)=1

AND ALLOW H(S,Z/M,J)=L AND ALLOW C(SZJN,1)=1).02(S.2.3.M JN))=E=
QNEW2_M(sijj,M);

*EQ (102)
B1FJ8(S,Z,].) M .N)$(D(S.ZMN)=1 and TL(S,N)LT TU(S.M)AND HOT(S,I,M)=I
AND COLD(S,J,N)=I AND ALLOW _H( ,1j*J)=I AND ALLOW C($,ZJN )=
AND BIF(Z,1,J)=1 AND FREEH(I) AND FREEC(J))..

Q2(S"Z, 1M, IN)=L=0Q(S,Z, 1 M.I.N);

1

*EQ (103)

SHELL(Z, )$(SUM|[ ALLOW(S,Z, ))>= LAND FREEH(!) AND FREEC(J)
AND BIF(Z, )=0)..

PAR(Z, )=L=ASHELLMAX»USHELL(Z, );

SHELL B(K,Z,I,.1)$§(SUM[S,ALLOW(S,Z, )]>= LAND FREEH(I) AND FREEC(I)
PAR_ B(K,ZJ)=L=ASHELLMAXnJSHELL B(K.Z, ),

*EQ (105)

t TOTALCOST.. TCOST =E= SUM(1$(HU(1) AND FREEH(])),CHU(])*FHU()*DTHU(1))
* + SUM(J$(CU(J) AND FREEC(J)),CCU(J)*FCU(J)’DTCU(J))

* ot M((Z,1,)8 (SUM[SALLOW(SZ )] -- LAND FREEH(I) AND FREEC(J)

*  AND BIF(Z,1,])=0), CF*USHELL(Z,1J))

* + SUM((K..Z,],)$(SUM[S,ALLOW (S,Z, ))>= LAND FREEH(I) AND FREEC(J)

* AND BIF(Z, ) ), CF’USHEI1B(K,Z, ))

* + SUM((Z, )$(SUM[S,ALLOW(S,Z, )]>= LAND FREEH(I) AND FREEC(J)),

* CA*PAR(Z, ))

* + Cost side stripping steam ;

K
)

TOTALCOST..TCOST=E=SUM(I$(HU(I) AND FREEH(])),CHU(I)*FHU(1)*DTHU(]))
+SUM(J$(CU(J) AND FREEC(J)),CCU(J)*FCU(J)*DTCU(J)) _
+SUM((S,Z,1,J)$(ALLOW (S. Z,I i)=I AND FREEH(I) AND FREEC(J))
CF*(NHE(S,Z,1,J)+NHE_S( ,ZJJ)$(NHEO(S,Z,1,3)=1)-NHE .0(S"1J)))
+SUM((S.Z,1,0)$(ALLOW ( ,Z,1,J)-1 AND FREEH(I) AND FREEC(J)

AND BIF(Z,1,9)- )CAE*DPAR_E(Z,l,J)+CAN*PAR_N(S,Z,lJ))
+SUM((S,k2,1,)S(ORD(K) 1e KMAX(Z,)J)and ALLOW(S'z,],J)=1

and FREEH(I) AND FREEC(J) AND B1F(Zj,J)=1)

CAE’'DPAR E_B(K,Z,1,J)+CAN*PAR_N B(K,Z,J))+Cost_side_stripping_steam;

mo

* Flere we have an equation that is made simpler than in the paper. We account
* for the total area of the exchangers (use PAR and not PAR B)
* The result is the same.

*EQ (106) CONSISTENCY: Number ofexchangers smaller than the number of shells
* Needed because the exchangers are related to the values of K.

KMAXI(S,Z,1J)S(ALLOW (S,Z,1,J)= AND FREEH(I) AND FREEC(J) AND BJF(Z,1,J)=0)..
NHE(S,Z,1,J)-L - USHELL(Z, ) ;

KMAX2(S,2.],J)$(ALLOW (S,Z,1,JH AND FREEH(I) AND FREEC(J) AND BIF(Z.1J)=1).
NHE(S,Z,1,J)-L = SUM (K USFIELL B(K Z, )) :

*EXTRA EQUATIONS NOT IN PAPER BUT NEEDED

*EQ (108) LIMIT THE NUMBER OF EXCHANGERS
TOTNEXCHMAX(S).. SUM((Z,13)$(ALLOW (S,Z,1,J)= 1AND FREEH(I) AND FREEC(J)),
NHE(S,Z,L1))=L=TOTNEXCHMAX;

*EQ (109) MINIMUM NUMBER OF EXCHANGERS
TOTNEXCHMIN(S).. SUM((Z,1,J)$(ALLOW (S,Z,1,1)=I AND FREEH(I) AND FREEC(J)),
NHE(SZ,1,))=G=TOTNEXCHMIN,



Bt fr Ra

*EQ(Retrofit 1)
AREARESTI( ,Z, )$(ALLOW(S,Z,1,J)=] AND FREEH(I) AND FREEC(J)

PAR(Z,1,J)=L=AEX(zj,J)+DPAR_E(Z, )+PAR_N(S.Z,1J);
*EQ(Retrofi't"2)~
AREA_REST2(S,Z,1J)$(ALLOW(S,Z,1,3)=I AND FREEH(I) AND FREEC(J)
AND BIF(Z, )=0).
DPAR_E(Z, )=L-AEX_ (Z, )-AEX(Z, );

*EQ(Retrofit 3)
AREA_REST3(S,Z,1,J)$(ALLOW ( ,Z,1,0)=1 AND FREEH(I) AND FREEC(J)

% PAR_N(S.Z, )=L=AJAEW MAX(Z, )*(NHE(S,Z, )-NHEO0(S.Z, ));

*EQ (Retrofit 4)
AREA _REST4(S,Z,1J)$(ALLOW (S,Z, )=1 AND FREEH(I) AND FREEC(J)
AND BIF(Z, )=0).

(NHE(S,Z,],3) =L=TOTNEXCHMAX

*EQ(Retrofit )
AREA_REST5(S,Z,1,J)$(ALLOW (S,Z,1,3)=I A ND FREEH(I) AND FREEC(J)
AND BIF(Z, )=0 AND NHE0(S,Z,1,3)=0)..

PAR N( .z, )=L=A NEW_MAX(Z, )* (NHE(S,Z, ));

*EQ(Retrofit 6)
*Eq retrofit 6 is same as Eq retrofit 5

*EQ(Retrofit 7)

AREA_REST7(S,Z,1,J)$(ALLOW (S,Z,1,J)=1 AND FREEFI(I) AND FREEC(J)
AND BIF(Z,]J)=0 AND NHEO0(S,2,],0)= 0)..

(NHE(S,Z, )) =L=TOTNEXCHMAX ;

*EQ(Retrofit 8)
AREA REST!_B(S,K,Z,TJ)$(ORD(K) LE KMAX(Z, ) AND ALLOW(S,Z,],JH
AND FREEII(I) AND FREEC(J) AND BIF(Z, )=1)
PARJIB(K,Z, )=L=SUM(KK$(ORD(KK) LENHEO(S,Z, )),AEX_B(KK,Z, )
*DELTA(KK,K))+DPAR_E_B(K,Z 1 J)+PAR NJIB(K.Z,I,J),

*EQ(Retrofit 9)
AREA_REST2_B( ,K,Z, )$(ORD(K) LE KMAX(Z,1,J) AND ALLOW (S,Z,1,J)=]
AND FREEH(I) AND FREEC(J) AND BIF(Z, )=1)..
DPAR_E_B(K,Z, )=L=SUM(KK$(ORD(KK) LE NHEO(S,Z, )),(AEX_U_B(K.K,Z, )
~AF.X B(ICKr,1,J)) DELTA(KK,IC)),

*EQ(Retrofit 10)
AREA_REST3_B( K.z, )$(ORD(K)LE KMAX(Z,1,J)AND ALLOW (S,Z,19)=I
AND FREEH(I) AND FREEC(J) AND BIF(Z,1,J)=1)..
PAR_N_B(Kz, )=L=A_NEW_MAX(Z, )
*(I-SUM (KK$(ORD(KK) LE NHEO0(S,Z,1,J)),DELTA(KK K)));

*EQ(Retrofit 11)
AREA_REST4_B( ,K.Z,1,J)§(ORD(K) LE KMAX(Z,1,J)) AND ALLOW (S,Z,1,0)=I
AND FREEH(I)AND FREEC(J) AND BIF(Z )=1)-
SUM(KK$(ORD(KK) LE NHEO(S,Z,1,J)), DELTA(KK K))=L=1;

*EQ(Retrofit 12)
AREA_REST5_B(S,K,Z,[,J)$(ORD(K) LENHEO(S,Z,1,J) AND ALLOW( ,Z,1J)=1
AND FREEH(I) AND FREEC(J) AND BIF(Z,!J)=1)..
SUM(KK$(ORD(KK) LE ICMAX(Z,1J)) DELTA(K ,KK))=L=1;

*EQ(Retrofit 13)
AREA_REST6_B(S,Z,1,J)$(ALLOW (S,Z,1,J)=1 AND FREEH(I)
AND IFREEC(J) AND B1F(Z,LJ)=1)..

SUM (K KK)$(ORD(K) LE KMAX(Z,].J) AND ORD(KK) LE NHEO(S,Z, )),DELTA(KK K))
-E= NHEO(S,Z, );



*EQ(Retrofit 14)
LIM HEX(SM)..

((Z,1,0)$(HOT(S,1,M)=1 AND ALLOW _H(S,Z 1M J)=1 )(NIIE(S,Z,1,0))-NHEO(S.,Z, ))
MAX_NEW HEX ;

I w

UM
L=

*Add Eq for PA

PA_1( I,M)$(HOT(S,i,M)=I AND NOT HU(I) AND
FREEH(I) AND NIH(1)=0 AND PA(I))..
FP(I)*CPH(S,I,M)*(TU(S,M)-TL(S,M)) =E=SUM((Z N J)$(D(S,Z,M N)=1
AND TL(S,N) LT TU(S,M)AND COLD(SI,N)=I
AND ALLOW FI(S,Z,IMJ)=1 AND ALLOW _C( ,ZJN,1)=1),Q(S,Z 1M ,LN));
PA_2( JM)$(HOT(S,I,M)=I AND NOT FIU(l)
AND FREEH(I) AND NIH() 1 AND PA(I))

)TL( M)) = ((H)(D(SZMN)l

FP(I)*CPH (S,i,M)*(TU(S,

N
s,

L
(5,Z,ILMIN))
D

AND TL(SN) LT TU( ,M)AND C D(S,J, ) AND ALLOW H(S,Z,IM J)=1

AND ALLOW C(S,Z,J N 1)=I ),Q

+SUM ((Z,N)$(D(S,Z,M,N)=1 AND HOT(S,]N)=I AND ORD(N) GT ORD(M)),QH(S,.Z,I,N.M))
-SUM((Z,N)$(D(S,Z,M ,N)=LAND HOT(S,IN)=l AND ORD(N) LT ORD(M)),QH(S.Z .M N));

*EQII_b Caseof BIF(],J)=0 (ij) notbelonging to set B.
I

PA 3(s7z,1,0M)$(HOT(S,IM)=1and ALLOW H(S,Z,IM J)=1 and BIF(Z,1J)=0
ANDFREE (I) AND FREEC(J)AND PA(1)).
QNEW _M( ,Z,LIM) FPY(S,Z,1,J,M)*CPH(S,I,M)*(TU(S,M)-TL(S,M))$(NOTHD(1))=L=0;

*EQ II_b Case ofBIF(1,)=0 (ij) notbelonging to set B

FEE Rk A FRREFEFES moinimum VALUE OF QNEW _M=0.01 It

PA_4(S.Z1LIM)$(HOT(S,IM)=I AND ALLOW 11(S,Z,I;,M])= 1AND BIF(Z,1,J)=0 AND
FRJEEH(I) AND FREEC(J) AND PA(l))..

QNEW _M( Z1JM)-Y_M( ,Z1IM)*QLHMIN=G=0;

*EQ 1D Case of BIF(1,J)=1  (ij) belonging to set B
PA 3_B( ./, ,M)$(UOT(SIM)-I AND ALLOW _H(S,Z,I,M J)=1 AND BIF(Z,1,J)=1
AND FREEH(I)AND FREEC(J) AND PA(l)).
QNEW _M(S,Z,1,J,M)-FPY _B(S,Z,1,J,M)*CPFI(S,i,M)*(TU(S,M)-TL(S,M))$(NOT HU(I))=L=0;

*EQ 11_b Case of BIF(1,J)=1
PA 4 B(S.Z,1LIM)$(HOT(S
ANDFREEH () AND FREE
QNEW M ( ,Z1,IM)-Y M_

(ij) belonging to set B
M)zl AND ALLOW _H( ,Z,IIMJ)=1 AND BIF(Z,1,J)=1
C(J) AND PA(I))..
B(S,Z,1,J,M)*QLHMIN =G = 0;

PAJ(SAZ EIM)S(HOT(S,IM>= AND ALLOW _H(S,Z,I.M,J)=1 AND BIF(Z,1,J)=0
AND FREEH(I) AND FREEC(J) AND PA(D).
FPY( ,Z,LIM)-E= SUM(R,(FPR(IR)*YW ($,Z,1.0,M));

PAQ6(STz EIM)S(HOT(S,IM)=1 and ALLOW ![( ,ZLMJ)=1 and BIF(Z,1J)=1
AND FREEH(I) AND FREEC(J) AND PA(1))..
FPY B( ~:1LIM)=E= SUM(R,(FPR(IR)*YW (S,Z,1,0,M));

$(110'1( ,,M)=1 AND ALLOW _H(S,Z,I,M J)=1 AND BIF(Z,1,J)=1
) AND FREEC(J) AND PA())..
Y M( A LIM) L= 0;

PA_7(STz,UM)
AND FREEH(I
YW (S,Z,1,JM)-

RIS(LIOT(S,IM)L and ALLOW _H( ,ZIM3)=1 and BIF(Z,1J)=1
)A D FREEC(J) AND PA(1))..
=L= (|’R);

AND FREEH

PAJI(STz LIM
(I
%W (S,Z,UM)=L

ND ALLOW H(S.ZT,MJ)=I AND BIF(Z,1J)=1
D PA(I))..
W(IR)-L:

PAQY(s7z,1,I, M R)I(HOT(S,I,M)=I A
AND FREEH () AND FRIEEC(J) AN
YW(,Z1IM)~G= Y _M(S.Z,1.IM)+



PA 10(S Z,.1,J M N)$(D(S,Z,M N)=1 AND TL(S,N) LT TU(S,M) AND HOT(S,I M)=1

AND COLD(SJN)=1AND ALLOW _H(S,Z,I,M J)=I AND ALLOWjc(S,Z,jN I)=I

AND BIF(Z,iJ)=I AND FREEH(I) AND FREEC(J)AND PA@)..

S1IM(1,$(D(S,Z,L,N)=1 AND ORD(L) LE ORD(M)AND HOT(S,I,L)=I

AND ALLOW H(S,Z,I,LJ)=1),
QNEW M( 7z, ,L))- QNEW2 M(S,Z,1,J M) =L=

SUM (0$(D(S,Z,M 0)=1 AND ORD(0)LE ORD(N) AND COLD(S,J.0) AND ALLOW _C(5,2,3,0,1)),
QNEW N(s'2,1,J,0)) - QNEW2 N(S,Z, N)+ 4*XM(S,Z,I M jN);

PA_11( ,Z,LIM N)$(D(S,ZM N)-1 AND TL(SN)LTTU(S,M)AND HOT(S,I,M)=I
AND COLD(S,J,N)=I AND ALLOW _H(S,Z,I,M J)=I AND ALLOW _C(si,JN,I)=I
AND BIF(Z,i,d)=I AND FREEH(I) AND FREEC(J) AND PA®)..

XM (S,Z, 1M JN)-(TE(S,Z, ,M,LN)*OMEGA( ZIM I N))=L=SUM (R,(XW (S,Z,.MJI.N,R)*
FPR(LR)*SDM(LS(D(S,Z,L,N)=1 AND ORD(L) LE ORD(M)
AND HOT(S,1X)=l AND ALLOW _H(S,Z,I,L,J)=1),(CPH(S,I,L)*(TU(S,L)-TL(S,L))));

PA_12(S,Z,1,0,M N)$(D(S,Z,M N)=1AND TL(SN)
AND COLD(S,J,N)=I AND ALLOW H(S,Z,IM,J)
AND BIF(Z,id)- AND FREEH® AND FREEC(J

TTU(S,M)AND HOT(S,]M)
1 AND ALLOW _C(S,ZJN,I)
AN

D PA(D)).

XM (S,Z,IM,JN)-(TE(S,Z,I,M JN)*OMEGA(S,Z, 1M I N))=G=SUM (R (XW (SZ,IM ,J.N R)*
FPR(i’r )*SUM (L$(D(S,ZLN)=1 and ORD(L) Ie ORD( )
AND FIOT(S,I,L)-l AND ALLOW _H(S,Z,I,L3)=1),(CPH(S,I,L)*(TU(S,.L)-TL(S,.L)))));

D(S,ZM N)=1 AND TL(S,N) LTTU(S,M) AND HOT(S,I,M)=1
| AND ALLOW _H(S,Z,I,M 3)=I AND ALLOW C(S,Z,J.N,I)=!
AND

PA_13( 23,3 M N)$(
)z _
FREEH® AND FREEC(J)AND PA(I))..

AND COLD(SJN
AND BIF(zj,d)=I A

XM (S,Z,1,M,JN)-(
M(LS(D(S,Z
AND COLD(

TE(
LN
)

(IFTE(S,Z,IM JN))*OMEGA(S,Z,I,M ,J,N))=L=BI(S,Z,1, M I N)*
, )
S

=1 AND ORD(L) LE ORD(N)
| AND ALLOW _C(S,ZJ,L )= DHC(S.J.L));

PAQL4( ,Z,1,J,M N)$(D(S,Z M ,N)=1 AND TL(S.N)
AND COLD(S,J,N)=I AND ALLOW H(S,Z,I,MJ)
AND BIF(Z, )=1 AND FREEH(I) AND FREEC(J)

JAND HOT(S 1M)=]
LLOW,C( .ZJN,)=1
A(l)).

XM(S,Z,IM JN)=G=B1( Z,I,MJIN)*SUM(LS(D(S,Z,L,N)=LAND ORD(L) LE ORD(N)
AND COLD(S,J.L)-I AND ALLOW C($,Z,J,L,1)=1)DHC(S,J.L);

TTH(SM
=| AND A
AND P

PA_15(5,Z,1,J M N R)$(D(S,Z,M N)=1 AND TL(S.N)
AND COLD(S,J,N)-LAND ALLOW H(S,Z,I.M J)=I
AND BIF(Z,1,J)=1 AND FREEH® AND FREEC(J) A

LT TU(S,M) AND HOT(S I,M)=1
AND ALIIOW C(SX,JN )=
ND PA@)..

XW (S, M JNR)-(T(S,Z,IM JN)*W (I R)) =L=0 ;

PA_16( ,Z,1.J,M N,R)S(D(S,Z,M ,N)=1 AND TL(SN) LT TU(S,M) AND HOT(S I,M)=1
AND COLD(S,i,N)-LAND ALLOW _H(S,Z,I,M J)-l AND ALLOWAC( ,Z,J N,i)=I
AND BIF(Z]J)=1 AND FREEH® AND FREEC(J) AND PA())..

(BI(S,Z,I M IN)- XW(S,Z,1,M I N R))-(1-W (ILR)*T(S,Z,IM IN) =L=0;

PA_]7(5,Z,1,3.M N R)$(D(S,Z,M ,N)-] AND TL(S,N) LT TU(S,M) AND HOT(S,I,M)=I
AND COLD(S,iN)=1AND ALLOW _H(S,Z,IM J)-l AND ALLOW C($,Z,J.N,I)=)
AND BIF(Z,1,J)=1 AND FREEH® AND FREEC(J) AND PA(I))..

B1(,ZIMIN)-XW(S,ZIMJINR))=6=0;

PAJB(STz LM N

)$(D(S,ZM N)=l and TL(S,N) LT TU(S,M) AND HOT(S]M>=1
AND COLD(S,JN)=I

AND



ALLOW H(S,Z,IM 3)=1 AND ALLOW _C(S,Z,J,N,I)=IAND B1F(Z,1J)=1 AND FREEH(I)

M,
AND FREEC(J) AND PA(I))..
SUM(LS(D(S,Z,L,N)=1 AND ORD(L) LE ORD(M)AND HOT(S,I,L)=I
AND ALLOW H(S,Z,1.L,3)=1),
QNEW M( zTUL))-QNEW2 M(S,Z, ,M)=G=
SL)M (0$(D(S,Z,M,0H AND ORD(0)LE ORD(N) AND COLD(S,J,0) AND ALLOW C(S,Z,J,0)).
QNEW N(S,Z, ,0))-QNEW2 N( .Z,IJN)
4*XM(S,Z,IMIN);
*EQ(50'D) "

(S,IM)=I AND ALLOW H(S,Z,I,M J)=1 AND BIF(Z 1J)=1
REEC(J) AND PA(]))
L=FP

PAJY(S,Z]IM)SHOT
F .
=L=FPkln_0( ,Z,LI,M)*CPH(S.I,M)*(TU(S,M)-TL(S.M));

AND FREEH(I) AN
1J

D
QNEW2 M(S,Z,1.3M)

PAQ20( " ,1JM)$(HOT(S,I,M)=I AND ALLOW _H( ,Z,IM J)=I AND BIF(Z,LJ)=1
AND FREEH(I)and FREEC(J)and PA(l))..

FPK_H_0(S,Z, ,M)=E= SUM(R,(FPR(I.,R)*KW _0(S,Z, ,MR))):

PAM2L( Z, M,R)$(HOT(SM)=1AND ALLOW H( Z,IMJ)=1 AND BIF(Z,1,J)=1
AND FREEH(I) AND FREEC(J) AND PA(l))..

KW _0( ,Z]JMR)-NHE_MO0_B( Z1IM)=L=0;

PAQ22( Z,]J M R)S(HOT(S,I,M)=l AND ALLOW H( Z .M JH AND BIF(Z, )-1
AND FREEH(I) AND FREEC(J) AND PA(1))..

KW _0( ZIJMR)=L= (IR);

PAJI3( ,Z1JIMR)$(HOT(S,IM)=I AND ALLOWIH(S,Z,I,M J)=I AND BIF(Z,1,J)=1
AND FREEH(I) AND FREEC(J) AND PA(I))..

KW _0( Z,1JMR)=G=NHE_ M0 B( ZIJM)+ (IR)-L;
PAJ24(RZJ,JM)$(IJOT(S,,M)= IAND ALLOW H(S,Z,I,M J)=IAND BIF(Z,1J)=1

AND FREEH(I)AND FREEC(J) AND PA(I))..
QNEW2 M(S,Z10M)=L- FPKHL( ,Z],JM)*CPH(S,,M)*(TU(S,M)-TL(SM));

PAJ25( A ].IM)S(HOT(S,IM)=I AND ALLOW H(S.Z,I,M J)=1 AND BIF(Z,1J)=1
AND FREEH(I)AND FREEC(J) AND PA(1))..

FPK H_1( .z, ,M)=E=SHM(R,(FPR(ILR)*KW 1( .z, MR));

PAQ26( ~,1JMR)$(HOT(S,I,M)=I AND ALLOW _H(S,Z,I,M,JH AND BIF(Z,1,J)=]
AND FREEH(I) AND FREEC(J) AND PA(1))..

KW 1( Z, MR)-NHE_M1B(SZ, M)=L=0;

S(HOT(S,M)=I AND ALLOW H(S,Z,I.M J)=I AND BIF(Z,1,J)=1

PAQ27( Z,ILIM R)
) AND FREEC(J) AND PA(1)..

AND FREEH(I
KW 1( ZIJMR)=L= (IR);

PAQ28( ,Z ]I M R)$(HOT(S,IM)=I AND ALLOW H(S,Z,I.M J)=I AND BIF(Z,1J)=1
AND FREEH(I) AND FREEC(J) AND PA(1))..

KW 1( .z, MR)=G=NHEMLB(SZ, M)+ (IR)-1;

PAQ29(STz!u,M)S(HOT(S,IM-1)and HOT(S,I,

( =l and ALLOW H(S,Z,LM,J)=1
AND ALLOW H(S,Z,]M-1,J) AND SPH(I)=1 A

)
D FREEH(I) AND FREEC(J) AND PA(I))..

M
N



QNEW _M(S,Z,].).M)I(CPH(S,1,M)*(TU(S.M)- -
QNEW _M( A1) M-DI(CPH(S,LM-])*(TU(S M-1)-TL (S,
H(FP(iyFPA(S,Z, M));

PAJO(S,Z,1,JM)$(HOT(S,I,M-1)and HOT(S,

| AND ALLOWH(S,Z,LM J)=1
AND ALLOW H( Z,IM-1J) AND SPH()=1 A

M)=1
ND FREEH(I) AND FREEC(J)AND PA(L)).
FPA(S,Z,J,J,M)=E= SUM(R,(FPR(JR)*WA(S,Z,1J M R)));

PA 3]( ,Z,1,J M R)$(F10T(S]M-1)AND HOT(S,I,M)=l AND ALLOW H(S,Z,J M J)=1
AND ALLOW H( ,Z,JM-1,J)AND SPH(1)=1 AND FREEH(I) AND FREEC(J) AND PA(l))..

WA(S,Z.1,JJVLR)-ALFA_M(S.Z, M)=L=0;

PAJ2(S.Z, M R)$(HOT(S]M-I)AND HOT(S,M)=] AND ALLOW H(S,Z,IM J)=1
AND ALLOW _H(S,Z,IM-1,J) AND SPH(I)=] AND FREEH(I) AND FREEC(J) AND PA(])).

WA(S,Z, MR)=L= (IR);

PAJ3(S,Z,1IMR)S(HOT(S,IM-l)and HOT(S,

IM)=1 AND ALLOW H(S,Z,I M J)=I
AND ALLOW H(S Z,LM-1J) AND SPH(1)=L AND

FREEH(I) AND FREEC(J) AND PA(I))..

WA(SZ, MR)=G=ALFA_M(S,Z, ,M)+W(IR)-1;

PAJA4(sTzlu M)S(HOT(S,M-1)and 110T(S,LM)-) and ALLOW H(S,Z M J)=)
AND ALLOW _H(S,Z,IM-1J) AND SPH(I)=] AND FREEH(I) AND FREEC(J) AND PA(1))..

QNEW_M( ,Z, ,M)/(CPH(S,IM)*(TD(SM)-TL(SM))
I(FP()-3PPA(S,Z, M)
=G - QNEW ‘M(S,Z,1.J,M-iy(CPH(SIM-D*(TU(S,M-)-TL(S,M-1)));

*EQ (63 )
PAJ5(S~Z, ,M)$(HOT(S,],M-I)AND HOT(S,,M)=l AND ALLOW _H( ~ M J)=I
AND ALLOW _H( ,Z ],M-U) AND BIF(Z, )=0 AND SPH(I)=) AND FREEH(I)
AND FREEC(J)AND PA(1))..
-Di(CP
CPH
M-

-QNEW _M(S.Z H(S,IM-1)* (TU(S S)-TL(S,M-1))
+ QNEw1m (5.2, ,M)( (S.LM)*(TU (s )-TL(S.M)))
+(FP()+FPK_H _1(S.Z, M-1)+FPK_H I( 2.y, A FPK_H 0( Z- M-1)=G=0;

PA_36(STz, ,M)$(HO ( SIM-I) AND HOT(S,I,M)=I AND ALLOW HjSZ IM Jyi
AND ALLOW _H ( M-U)AND BIF(Z, )=0 AND SPH(1)=1 AND FREEH(J)
AND FREEC(j) AND PA(1))..

S

-QNEW JVI(izM M )( PH() JM)*(T1I(S,M)-TL(S,M)))
-1

+ QNEWIm (,Z,i,j,M-D/(CPFI(S,,M-I)*(TU(S,M-1)-TL(S,M-1)))

+(FP(J)+FPK_H O( A, M-1)+FPK_H O(SALIM)-FPK H_ A, . ))=6=0;
*EQ (65 b)

PAJT(sXuM)$(HOT(S,I,M-1) AND HOT(S,,M)=] AND ALLOW H(S,ZIM J)=)
AND ALLOWJI(S,Z,I,M-1,J) AND BIF(Z, )=1 AND SPH(1)=1 AND FREEH(I)
AND FREEC(J)AND PA(]))

QNEW _M(S,Z, ,M-D/I(CPH(S,I,M-])Y(TTI(S,M-I)-TL(S,M-I)))=L

QNEw Im (5,2,1,J,M)/(CPH(S]M)*(TU(S,M)-TL(S.M)))

t(FP()+FPK W 1 z, M 1&Wp HJ( /,1,IM)-FPK_H_0(5,2,1J.M-D);

*EQ (66_b)

PA 38(si, ,M)S(HOT(SM-I)AND HOT(S,M)=I AND ALLOW H(S,ZLM J)=1
AND ALLOW H(S,Z,1,M-1J) AND BIF(Z,1,J) 1ANDSPLL(])-l AND FREEH(I)
AND FREEC(j)AND PA(I))..

QNEW2 M(S.Z, M-1)/(CPH(S,IM-Iy (TU(S,M-1)-TL(S,M-1)))=L=
QNEW M( z, , )/(CPH( S,LM)*(TU(S,M)-TL(sjv1)
+((2*FR())+FPK H_1( ,ZLIM)FPK >Vo(3Z, \M-1)-FPY(S,Z,L.IM-));

PAJ>9(S~ZJIM)S(HOT(S,IM-I) AND HOT(S,M)=I AND ALLOW _H(S,Z,1,MJ)=1
AND ALLOW H(S,Z,IM-1.J) AND BIF(Z,1J)=1 AND SPH(I)=1 AND FREEH(I)



AND FREEC(J) AND PA(l))..
)-QNEW?2 M(SZ M))/(C

(QNEW _M(S.Z, M PH(S,I,M)*(TU(S,M)-TL(S,M))) =L=
QNEW M( .Z, M- l)l(CPH( 1)*(TU(S,M-1)-TL(SM-1)))
K(2*FP(1)+FPK_H _0(S,Z,1J, )FPK H_1(S,Z,1,JM)-FPY($,Z,].3.M-1));
*EQ (68_D)
PAVO(S>, M)$(HOT(S,I,M-1) AND HOT(S,I,M)=1 AND HOT(S,I,M+])
AND ALLOW _H( Z,IMJ ):1
AND ALLOw in(SZIM-1J0)and ALLOW H(S,Z,,M+1,3) and BIF(Z,13)=0 and SPH(I)=0
and FREEH(l)A D FREEC(J) AND PA(1))7
QNEW _M(S.Z,1.3,M)=G=(F PY(SZIJM)FPK_H_O(S,Z,I,J,M)-FPK FIo1( 2,13 M)
“(CPH(S,LM)*(TU(S,M)-TL(S.M)));

PA_41( 2, M)$(HOT(S,I,M-1) AND HOT(S,I,M)=] AND HOT(S,IM+1)
AND ALLOW H(S,Z,1MJ)=1
AND ALLOWTh(SZI,M-].J) and ALLOW H(S,Z,,M+L,3) and BIF(Z,13)=L and SPH(I)=0
AND FREEH(I) AND FREEC(J) AND PA(I)).T
QNEW M( z, ,M)=G =&FP B(S.Z, ,M)- FPKJHOBSSZIJM)
FPK M 1 B(S,Z.L3M))*{CPHTS, LM J*(TU(S,M)“t LsTm

*EQ (81_b)

PA_42(sTz 1JMN)S(TL(SN) 1e TU(SM)and TU(SN)GE TL(S,M)
AND HOT(S,I,M)=1 AND COLD(S,J,N)=I AND ALLOW 11($,Z,1,M J)=1
AND ALLOW _C(S,Z,J,N,1)=1 AND BIF(Z,10)=0

AND SPH(I>=0AND SPC(J)=0 AND FREEH(I) AND FREEC(J) AND PA(I))..
( M)-TL(SN) - QNEW N(S,Z,LIN)IFC(SJ)*CPC(S,I.N))

+ (FPQ(S.Z ]I M)IC (3, M))

+ (2-NHE_MO(S,Z,1,J,M)-NHE_NO(S,Z 1 JN))*TU (S N)=G=0;

PA_43( A1 10 M N)$(TL(S,N) LE TU(S,M)AND TU(SN) GE TL(S.M)
AND HOT(S,I,M)=1 AND COLD(SJ,N)=1 AND ALLOW H(S,Z,IM J)=I
AND ALLOW _C(S,Z,JN,I)=I AND BIF(Z,1,)=1

AND SPH(1)-0 AND SPC(J)=0 AND FREEH(I) AND FREEC(J) AND PA(I))..
TL(SM) - TL(S,N) QNEW_N( Z 1LIN)I(FC(S,3)*CPC(S.J.N))

+ (FPQ(s72,1,J M)ICPH(S,I,M))

1 (2-NHE MO B(S,Z,13:M)-NHE NO B(S,Z,UN))*TU(S,N)=G=0:

PA_44(5,Z, M N)$(TL(S,N) LE TU(S,M)AND TU(S\N) GE TL(S M)

AND HOT(S,I,M)=I AND COLD(S,JN)=I AND ALLOW _H{ ,Z,,M J)=1
AND ALLOw7c(S JN)=1 AND BIF(Z,1J)=1

AND SPH(1)=0 AND SPC(J)=0 AND FREEH(I) AND FREEC(J) AND PA(I))..

FPQ(S,Z,1.JM)=E= SUM(RWQ(S.Z, ,MR)FPR(IR));

PA_45( 2, MNR)S(TL(S,N)LE TU(S,M)AND TU(SN)GE ( M)
AND HOT(S,IM)=1 ND COLD(S,JN)=I AND ALLOwW 7h(S,Z,IM J)=1
AND ALLOW _C(S,ZJN,I)=I AND BII'(Z, > 1

AND SPH(I)=(TaND SPC(JH)AND FREEH(I) AND FREEC(J) AND PA(I))..

WQ(S,Z,1.IMR)-(T(S.Z,IM IN)*W(I,R))=L=0 ;

PA_46(5,Z, M NR)$(TL(S,N)LE TU(SM)AND TU(SN) GE TL(S M)
AND HOT(S,I,M)=I AND COLD(S,J,N)=I AND ALLOw 7h ($,Z,I M J)=1
AND ALLOW _ ( JN )= 1AND BIF(Z, )=1

AND SPH(1)=0AND SPC(J)=0 AND FREEH(I) AND FREEC(J) AND PA(I))..

(QNEW _M(S,Z,1.J,M)- WQ(S,Z,1.J,M R))-(I -W(ILR))*T(S,Z,IM JN)=L=0 ;

PA_47( z, ,MN,R)S(TL(S,N)LE TU(S,M)AND TU(SN) GE TL(SM)
AND HOT(S,I.M) ) AND COLD(S,JN)=I AND ALLOW H(S,Z,I1.M,J)-1
AND ALLOW C( N1)=1 AND BIF(Z,IJ)=I

AND SPH(1)=0AND SPC(J)=0AND FREEH(I) AND FREEC(J) AND PA(I))..

QNEW M(S,Z, ,M)-WQ(S,Z,I.JMR)=6=0;

PAMB(SAZJ,J,M N)$(TL(S,N) LE TD(S,M) AND TU(S,N) GE TL(S,M)
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AND HOT(S],M)=i AND COLD(S,JN)=1 AND ALLOW _H(S$,Z,1M J)=]

AND ALLOW _C(S,Z,J,N,1)=1 AND BIF(Z,],J)=0

AND SPH(I)=OAND SPC(J)=0 AND FREEH(I) AND FREEC(J) AND PA(l))..

TU(SM)-TU(SN)

-(FPQ(S,Z,1.JJV1)ICPH(S,IM)) +QNEW _N(S,Z,JJN)I(FC(S,J)*CPC(S,J.N))
+(2-NHE _MI( .Z1,JM)-NHE_NI(s'z,1tJ,N))*TU(S)N)=G =0;

PA_49( 2,13, M N)$(TL(S,N) LE TU(S,M) AND TU(S,N) GE TL(S,M)

AND HOT(S,],M)-I AND COLD(S,JN)=1 AND ALLOW H( Z,IMJ)=1

AND ALLOW C(S,ZJ.N,1)=1AND BIF(Z,],J)=1

AND SPH(1)=cTAND SPC(J)=0 AND FREEH(I) AND FREEC(J) AND PA(l))..

TU(SM)-TU(SN)

-(FPQ(s X i,J,M)ICPH(S,IM)) + QNEW _N( ,Z,JJN)I(FC(S,J)*CPC(S,JN))

+(2-NHE_M1 B(S,Z,1.J,m -NHE_N1_B(S,Z,1,JN))*TU(S,N)=6=0;

PAS2INNSOIVC o OSZANEL ar TUS 1 TUS

ND HOT(S,IM +1)AND C LDSJN
AND COLD(SJN+I

AND ALLOW H(SZIM J)=I AND ALLOW _H(S,Z,IM+1,J) AND ALLOW _C( ,ZJN,I)=1
B C (S Z, ND BJ J=0 AND (SPH(I)=1 OR SPC(J)=1)

bk, ISV

,, gz

PA 51( Z1JM, )$(DTVIO(I,J)=1AND D(S.Z,M N) 1 AND TL(S,N) LT TU(S,M)

AND TU(S,N)GT TL(S,M) AND HOT(SIM) | AND HOT(S,IM-1)AND COLD(S,JN)=I
AND COLD(SJ,N-) AND ALLOW _H( ,Z,IM,J)=1 AND ALLOW_H(SZIM -1i)

AND ALLOW_C( JNI)=1AND ALLOW C(,ZJN-1]) AND BIF(Z,1,J)=0

)
z
AND (SPH(1)=1 OR SPC(J)= )ANDFREEH(T)AND REEC(J)ANDPA())
QNEW _M(S,Z,1LIM)/(TU(S,M)-TL(S,N))=L=QNEW _M(S,Z,1,J M-1)/(TU(S,M-1)-TL(S,M-1»
*CPH(S,IMyCPH(S,IM I)+((2*FP(I))-FPK H_( ZLIM)-FPK_CJI( Z,1IN))
£CPH (S, MV (TU(S,M)-li(S,M))/(TU(S,M)-TI(SM));

J
(

PA_52(S72,1,J,M N)S(DTVI0(I,J)=1 AND D($,Z,M N)=1 AND TL(S,N) LT TU(S,M)

AND TU(SN) GT TL(S.M) AND HOT(S,IM)-| AND HOT(S,IM+1) AND COLD(S,J,N)=I
AND COLD(S,J,N+I) AND ALLOW H( ,Z]M J)= AND ALLOW H( ,Z,IM+1J)

AND ALLOW _¢( ZJN,)=LAND ALLOW C( ,ZJN+L1) AND BIF(Z,,0)=1

AND (SPH(1)=1 OR SPC(JH) AND FREEI1(l)AND FREEC(J)AND PA(I)).

QNEW _M( ,Z,LIM)(MIN(TU(S,M),TU(SN))-TL(S,M))=G=QNEW _M(S,Z,1.J,M+1)/

*CPH(S,I,M)/CPH(S,]M+1)-((2*FP(1))-FPK_H _0(S,Z,1.J.M)-FPK_C_0(S,Z,1,JN))
*CPH(S,IM+1)<(THI(SM+1)-TL(S,M+1)I(TU(SM+1)-TL(S,M+1))7

*EQ (94_h)

PA_53(sTz 1, M N)$(DTV10(1,J)=1 and D(SZM N)=L and TL(SN)LT TU(S M)
and TUGSN)GT TL(S,M) AND HOT(S,M)=I AND HOT(S,I,M- )AND COLD(S,J.N)=I
AND COLD(SJN-) AND ALLOW H(S,Z,I,M J)=I AND ALLOW H(S,Z,I,M-1.J)
AND ALLOW C(S$,Z,J,N.I)=I ANDALLOW C(5,Z,J,N-JI) AND BIF(Z,13)=1
AND (SPH(IH OR SPC(J)=1) AND FREEH(T)AND FREEC(J) AND PA(I))..
(QNEW _M( .Z,1LIM)-QNEW2_M( Z,LIM)ITU(SM)-TL(SN))=L=

QNEW "M (S,Z,i,iM-)I(TU(S,M- I)T (SM- I))*CPH(S,I,M)/CPH(S,I,M-I)
H((2*FP(1)FPK_H_1( Z1LIM)-FPK_C_1( ,Z1JN))*CPH(S,I.M)
*(TU(S,M)-TL(sTm T)/(TU(S,M)-TL(S,M));

*EQ (XXJ)
PA 54(SZ,1,JM)$(HOT(S,I,M)=I AND NOT SPH(I) AND
FREEH(I) AND PA(l))..

FP(I)=E= SUM (R FPR(ILR)* ( R));

HOT( ,i,M)=LAND NOT SPH(I) AND
().



*EQ (XX 3)

PA_56( ,/Z,9)$(NOT SPH(I) AND

FREEH(I) AND PA(I))..

QPA(I) =E= SUM (M FP(I)*CPH(S,IM)*(TU(S,M)-TL(S,M));

*The sumation o feach pump around duty is not exactly equal Total QPA but Itis
*nearly equal, so The eq 63and 66 are added

*EQ (XX _4)

*PA 57 .

*SUM (1,QPA(1)SPA(]) =E= TOTAL_QPA;

pa! =E= SUM(I,QPA(I)$(ORD(I)=2));

PA2 =E= SUM(I,QPA(I)$(ORD(1)=4));

PA3 =E= 1 M(I,QPA()$(ORD(I)=6));

* Find the relation between side stripping steam and Pump around duty by using
* the model from regression.

PA_61( ,Z1J,M)$(HOT(S,I.M)=I AND NOT SPH(I) AND FREEH(I))..
SST(1) —E—(AJ (I)*PA 1)+(B_1(1)*PA2)+(C_1(1)*PA3)+D_1_1 (I);

Cost_side_stripping_steam =E= SUM (L1,(CSS(1)*SST(1)));
TOTAL Q=G=TOTAL QPA_MIN;

ROTALAQ =L=TOTAL QPA MAX;

TOTAL QPAMIN =E=TOTAL_QPA-(TOTAL_QPA*0.001);
TOTAL QPAM AX =E=TOTAL_QPA+(TOTAL QPA*0.001);

SUM(I,QPA(I)$PA(I)) =E= TOTAL Q;

PA_68(S,Z,1,J)$(NOT SPH(I) AND
FREEH(I) AND PA(I))..

Cp_Dt(1)=E= SUM (M ,CPH(S,1,M)*(TU(S,M)-TL(S,M));
MODEL MPERJOD /ALU ;

OPTION LIMROW =0;

OPTION LIMCOL =0;

OPTION SOLPRINT= OFF;
OPTION OPTCR=0 ;

OPTION OPTCA=0

OPTION ITERLIM = 1000000000,
OPTION RESLIM = 1000000;
MPERIOD.OPTFILE = 1;

SOLVE MPERIOD USING MIP MINIMIZING TCOST ;
PARAMETER QMATCH(SZ]J)

QMATCIL( ,Z,13)-SUM (M ,N)$(1)(S,Z,M N)-1 AND TL(S,N) LT TU(S,M) AND D(S,Z,M N)=1
AND COLD(S,J,N) AND ALLOW H(S,Z, M J)=] AND ALLOW C(S,ZJ,N,1)-1),
Q.L(SZ

LM J,N));
PARAMETER IFl H(S,ZJ , ,M) lowrate of hot stream perHEx
FH_H(S,Z'UM)$[HOT(S,LM)]=QNEW _M .L(S,Z, ,M)/[(TU(S,M)-TL(S,M))*CPH(S,I,M)];
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OPTION ALFA_N:3:0:1; DISPLAY ALFAN.L;
OPTION NHE:3~0:1;DISPLAY NHE.L;
OPTION QH:3:0:1; DISPLAY QH.L;
OPTION QC:3:0:1; DISPLAY QC.L;
OPTION XI B 3:0:1; DISPLAY X IB.L;
OPTION X_B 3:0:1; DISPLAY XB X ;
OPTION Q2:3:0:1; DISPLAY Q2.L;
OPTION NHE2.3:0:1; DISPLAY NHE?;
OPTION PAR_B:3:0:1;DISPLAY PAR BLL;
OPTION I 11:3:0:1; DISPLAY 111 1II;
OPTION FC”C:3:0:1; DISPLAY Fcjc;
OPTION LMTD:3:0:1; DISPLAY LMTD;
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Appendix D Programming Model for Retrofit with Relocation Apply for Crude
Fractionation Unite

§IJI}J;*uEiigﬁéﬂh&;éylgmé}g&giuuagwi&Elgugypp;r&k u#&***************************

tions that are different than in the paper +errata.
*(105

* Equations that are added to those that are in the paper

*(106) and (107)

* CONSISTENCY :Number of exchangers smaller than the number of shells
* Needed because the exchangers are related to the values of K.

*(108) LIMIT THE NUMBER OF EXCHANGERS

L109 MINIMUM NUMBER OF EXCHANGERS

khkkkkkkkhkkkhkkhhkkhhkhhkhhhkkhhkkhhkkhhkkhhkkhkkhhkhhkkkhkhhkkhhkhkhhkhhhkhhkkkhkkhkkhxx

TOFFUPPER

SONTEXT
t NM-451- FINAL 6 FLEXIBILITY Sl gms August 9,2004

SOFFTEXT
SETS
7 transfer zone 1Z11

*ALWAYS DEFINE THEHOT STREAMS FIRST,AND THEN THE COLD STREAMS

I Hot streams [11*19/
Jcold streams 131*J3]
R [R1*R4/

t ALWAYS DEFINE THE UTILITIES WITH THE HIGHEST INDEX
HU(I) Heating utilities /19/
CU(J) Cooling utilities 133/

M temperature intervals /M | *M 68/
SCENARIO IS1/
K. temperature intervals /K1*K1/
t FORRELOCATION CHANGING R IN RELOCATON'SEQ TO E
E exchangers [E1*E16/

+ NEW SET FOR PUMP-AROUND.
PA(L) Pump-around streams 712,14,16/

ALIAS (M N L,0)

ALIAS (111)

ALIAS (J,09)

ALIAS (K.KK)

ALIAS (2,22)

ALIAS (e'eE)

t PARAMETER FOR PUMP-AROUND CASE

PARAMETER FPR(I,R) Candidate v ues for pump-around flowrate i
/

12R1 701.4780

12.R2 6475181

I12.R3  539.5984

I12.R4 485.6386

14.R1 78.28034
14.R2  115.4635
14R3  156.5607
14R4  176.1308



16.R1 37.59575
16.R2 39.94549
16.R3 8459044
I16.R4 108.0878

/
PARAMETER TOTALQPA Total PA load ;
TOTALQPA =1580007

*linear function for Cp for hot streams
*Cp=A_cp_H*T+B_cp_H
PARAMETER A cp_H(l) Coefficients for Cp

1 0.0035
12 0.0040
13 0.0040
14 0.0055
15 0.0039
16 0.0052
17 0.0038
18 0.0031
19 0

PARAMETER B_cp_H(I) Intercept for Cp

1 1.9098
12 1.7979
13 1.7483
14 1.4682
15 1.7044
16 1.3834
i 1.6756
18 1.8201
79 4.18

t linear function for Cp for cold streams

PaW ETER A_cp_C(J) Coefficients for Cp

JU0.0037
J20.0035
B0

PARAMETER B_cp_C(J) Coefficients for Cp

J 1.9966
J2 1.8143
3 418

/
cy=a*PA(l)+b*PA(2)+c*PA(2)+d from usig regression.

PARAMETER AJ (I) Coefficients for PA(1)

12 2.82E-05
14 -6.3E-05
16 -2.7E-05

PARAMETER BJ () Coefficients for PA(2)

12 4.56E-05
14 -5.4E-05
16 -2.8E-05

PARAMETER C I(l) Coefficients for PA(3)

12 591E-05
14 -2.4E-05
16 -2.3E-05

PARAMETER D 1(I) Intercept



12 -3.81232
14 11.14212
,6 6.491449

PARAMETER T(S.Z,I,M,J.N) Upper bound

SI,Z1,12.(M3*M8).J1 (M58*M63) 10000
S1.Z1.12.(M3*M8).J2.(M64*M66) 10000
1,Z1.12.(M3*M8).J3.(M67*M68) 10000

171 14.(M16*M21).J1,(M58*M63) 10000
1.Z1.14.(M16*M21).J2.(M64*M 66) 10000
1,2 1,14.(M 16*M 21).J3 (M67*M 68) 10000

171,16.(M33*M38).J1.(M58*M63) 10000
121,16, (M33*M38).J2.(M64*M66) 10000
§1.21,16.(M33*M38).J3.(M67*M68) 10000
/

PARAMETER TE(S,Z,I,M J,N) Upper bound

S1.21,12.(M3*M8).J1 ,(M58*M63) 10000
1,71,12.(M3*M8).J2.(M64*M66) 10000
1,21,12.(M3*M8).J3.(M67*M68) 10000

$1.Z1.14.(M16*M21).J 1,(M58*M63) 10000
1,71,14.(M 16*M 21).J2.(M64*M 66) 10000
1,21.14.(M 16*M 21).J3.(M67*M 68) 10000

S1,21,16.(M33*M38).J 1,(M58*M63) 10000
$1,21,16.(M33*M 38).J2.(M 64*M 66) 10000
171,16.(M33*M38).3 (M 67*M68) 10000

PARAMETER OMEGA(S,Z,f,M i,N) Upper bound

$1.21.12.(M3*M8).J1.(M58*M63) 10000
S1.Z1.12.(M3*M8).J2.(M64*M 66) 10000
S1,21.12.(M3*M8).J3.(M67*M68) 10000

121 14.(M16*M 21)J 1
17 1,14.(M 16*M21).32
1.21.14.0716%M 21).J3

(M58%M63) 10000
(M64*M66) 10000
(M67*M68) 10000

S1.21.16.(M33*M38).J1.(M58*M63) 10000
1,21,16.(M33*M 38).J2.(M64*M 66) 10000
7| Z1.16.(M33*M38).03.(M67*M68) 10000

PARAMETER NIZ(S,Z,1) # OF INTERVALS DESIRED FOR HOT STREAMS

S1.Z1.11 2
S1.21.12 6
S1.21.13 7
S1.Z1.146
S1.Z1.15 11
S1.Z1.166
S1.z117 11
S1.Z1.18°5
§1.21.193

PARAMETER NJZ(S,Z,J) # OF INTERVALS DESIRED FOR COLD STREAMS

* Used Over all heat transfer Coeff insteat of hot and cold heat transfer Coeff.
* This values come from text book.



PARAMETER ( ,!,J)OVER ALL HEAT TRANSFER COEFFICIENT

SI(11*13,1719).( *J2) 0715

SI (14,16).(J1%J2) 0.715
S1.15( *12) 0.306
$1.18.(J1*J2) 0.470
$1(11,12).33 1.400
1.(13,17)J3 1.020
$1.(14,16).J3 0,51]
$1.(15).93 0.765
).(18).33 0.765
$1.(19)33 5.110
PARAMETERS

TIH(S,I) T IN FOR HOT STREAMS

] 11 48.30000
1.2 182.5720
S1.13 224.6850
S1.14 268.7880
S1.15 275.6570
SI 16 3085100
.17 323.5120
S1.18 347.1810
.19 400.0000

TOH(SI) TOUT FOR HOT STREAMS

Si Il 26.11000
§1.12 104.4400
113 26.11000
.14 173.6270
§1.15 26.11000
§1.16 232.2220
117 26.11000
].18 260.0000
§1.19 399.0000

TIC(SJ) TIN FOR COLD STREAMS

Sill 16.11000
$1.J2 132.7800
1,33 20.00

TOC(SJ) TOUT FOR COLD STREAMS

§1J1 132.780
§1.J2 360
§1.J3 30.00000

PARAMETERS

TIHZ(S,Z) T IN FOR HOT STREAMS

S1.Z1.11 48.30000
S1.ZL12 1825720
§1.Z1.13 224.6850
SI.Z1.14 268.7880
§1.Z1.15 275.6570
§1.21.16 308.51

S1.Z1.17 3235120
§1.21.18 347.1810
§1.21.19 400.0000

TOHZ(S,Z,I) TOUT FOR HOT STREAMS

§1.Z1.11 26.11000
§1.21.12 104.4400
§1.21.13 26.11000
§1.Z1.14 173.6270
§1.Z1.15 26.11000
§1.21.16 232.2220

185
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SI.Z1.I7 26.11000

$1.21.18 260.0000

S1.Z1.19 399.0000

TICZ(S.ZJ)TIN FOR COLD STREAMS
§1.Z1.J1 16.11000

$1.21.J2 132.7800

§1.21.J3 20.00

TOCZ(S,ZJ) TOUT FOR COLD STREAMS
S1.Z1.J1 132.7780

SLZLJ3 30.00000%*

+ INTRODUCE THE FCp:
FH(S,1) FOR HOT STREAMS

SIL.u  177.826
S1.13 120.158
S1.15 59.1990

51171 102417
51.18 211.705

FC(SJ) FORCOLD STREAMS

S1J1 752.594
S1.J2  673.422

%SE THE MAX FCp FOR THE UTILITIES

SETS FREEH(I)

1119

/ FREEC(J)

J3

PARAMETER BIF(Z,1,J)

Z11131 0

{ PARAMETER MAXNEXCHPERMATCH MAXIMUM NUMBER OF MATCHES WHEN BIF=1;
yMAXNEXCHPERMATCH =2

?ARAM ETER SPH(I)  SH in paper

(11.13,15.17.18.19) 1
(12,14,16) 0

PARAMETER SPC(J)  SC in paper

J2 1
13 1

PARAMETER NIH(I) Non isothermal splitting for hot streams in paper

N
PARAMETER NIC(J) Non isothermal splitting for cold streams in paper
I, »

PARAMETER DTVIO(],J)



yll*lg).(n*n) [

PARAMETER KMAX(ZJ.J)
71.11 Jo |

PARAMETER DTHU(I)
|1
PARAMETER DTCU(J)
310
PARAMETER EMAXHU(I)
19 100 0
PARAMETER FMAX_CU(J)
J3 100000
PARAMETER CHU(I)
19 19.750
PARAMETER CCU(J)
3 1.861
PARAMETER CSS(l) Costofside stripping
122033
14 2033
}6 20.33
PARAMETER CF;
<*l
CAN = 171.4;

PARAMETER CAE;
CAE = 171.4;

Sontext
** Retrofit
PARAMETER AEX(Z,1J)

Z1.12.J1 1267.954
Z1.14.1 4704239
Z1.19.J1 1300.546
Z1 18.J2 188.1183
Z1.17.J3 941.5554
Z1.18.J3 167.4541
Z1.11.J3 518.2402
Z1.13.J3 966.0800
Z1.15.03 682.7927
Z1.16.3 184.5678

PARAMETER AEXJB(K,Z, )
K1.Z1.11 J1 1267.954
PARAMETER NHEO0(S,ZJJ)
§1.71.12J1 1

S1.71.14J1 1

$1.71.19J1 1
SI.Z1.18.J2 1

167



SILZI17J3 1

1.Zi18.J3 1
S1.Z1.i1J3 1
SILZ1.13J3 1
§1.21.15J3 1
S1.Z1.16.J3 |

PARAMETER AEX_ (Z, )

Z1.12.J1 2000.000
Z1.14.31 700.0000
Z1.19.J1 1700.000
Z1.18.J2 250.0000
Z1.17.J3 1600.000
Z1.18.J3 400.0000
Z1.11.J3 650.0000
Z1.13.J3 1200.000
Z1.15.J3 750.0000
21.16.J3 350.0000

PARAMETER AEX U B(K.,Z, )
K1.21.11.J1 2000.000

fofftext
*

%ORMLOCATION

PARAMETER n EIEo(S,Z, )

$1.21.11.33
$1.21.12.J1
$1.71.13.J1
$1.21.13.J2 |
$1.21.13.33
$1.21.14.J1

1.21.14.32
$1.21.15.J1
$1.21.15.02
SI 71.15.J3
$1.21.16.03
$1.21.17.J1
$1.Z1.17.02
$1.21.17.J3
$1.71.18.J3
$1.21.19.02

s b b s b s b e b b b s e e

7ARAMETER AEX R(E)

El 515.685
E2 2239.929
E3 1000.000
E4 204.200
E5 617.797
E6 572.096
E7 179.428
ES 133.625
E9 529.892
E10 546.822
EIl 1845
E12  608.858
EI3  798.965
E14 425397
EI5S 2407
EI6 44895

PARAMETER AEX B _](E)

El 515.685
E2 2239.929



E3 1000.000

E4 204.200
ES 617.797
E6 572.096
= 179.428
ES 133.625
E9 529.892
E10 546.822
Ell 1845
E12 608.858
E13 798.965
El4 425.397
EIS 240.7
E16 4489.5

PARAMETER AEXJJJ(E)

El 3000
E2 3000
E3 3000
E4 3000
E5 3000
E6 3000
E7 3000
ES 3000
E9 3000
E10 3000
Ell 3000
E12 3000
E13 3000
E14 3000
EI5S 3000
E16 5000

PARAMETER AEX B R (E)

El 515.685
E2 2239.929
E3 1000.000
E4 204.200
E5 617.797
E6 572.096
E7 179.428
= 133.625
E9 529.892
E10 546.822
Ell 1845
E12 608.858
EI3 798.965
El4 425.397
EIS 240.7
E16 44895

PARAMETER AEX_U_B R(EE)

El 3000
E2 3000
E3 30

E4 30

ES 3000
E6 3000
E7 3000
E8 3000
E9 3000
E10 3000
Ell 3000
E12 3000
E13 3000
E14 3000

EI5 3000



EI6 5000
/

PARAMETER AEX UBI(E)

El 3000
E2 3000
E3 3000
E4 3000
ES 3000
E6 3000
E7 3000
E8 3000
E9 3000
EI0 3000
Ell 3000
EI2 3000
EI3 3000
E14 3000
EI5 3000
7|6 5000

PARAMETER R ALL
* 5 Minimum DELTA T

]
PARAMETER KET
PARAMETER A_NEW _MAX(Z,1,3)
ZL.(11¥14).( *33) 5000.000
PARAMETER MAX NEW HEX

Maximum Number of new exchangers
150/;

Kk kA hkkkh ok ko khkkhkkk Ak kh ok khkkkkhhkkhhkk ko hhkkhkhhkh kA kkhkhhkkkkkkkkkhkkhkkkk k%

PARAMETER QLHMIN
* Minimum heat that can be transferred within an intcrval.Hot streams

PARAMETER QLCMIN
* Minimum heat that can be transferred within an interval.Cold streams

PARAMETER AMAX

im Maximum area per exchanger

PARAMETERASHELLMAX
Maximum shell area
15000/;
PARAMETERTOTNEXCHMAX
Maximum NUMBER OF EXCHANGERS

PARAM ETER TOTNEXCHMIN
Minimum NUMBER OF EXCHANGERS

PARAMETER DTmin

]d Minimum DELTA T
]
parameter NINT
12631,
pe’rameterOPT
]
¥% END OF INPUT PARAMETERS

SCALARS §i. Zi, Mi, lc, Ji

PARAMETERS IHmMinZ($,Z,1),IHmaxZ(S,Z,1),IHmax(S,I),IHmin(S,1,HOT(S,I.M),

HOT2(SM), HOTZ(S,Z,LM), ICminZ(S,ZJ),ICmaxZ(S,Z,J),]Cmin(SJ),

190



|Cmax($J),COLD(S,J,M),COLD2(S,M), COFDZ(SZIM), H I(SIM), H J(S]M)

FOR(SizI TO CARD(S),
FOR(Zi=l TO CARD(Z),
FOR(lc=l TO CARD(I),
IHminZ(S,Z,1)$[ORD(S)=Si AND ORD (I)=I
AND ORD(Z)=1]- 0+ 1$[NIZ(S,Z,1)>=1];
IHminZ(S,Z,1)S[ORD(S)=Si AND ORD(I)>]
AND ORD(Z)=1]- 0+
{SUM((ZZ 1)S[ORD(I1)<ORD (NI NIZ(S,ZZ 1)+ }S[N1Z(S,Z,1)>=1];
IFIminZ(S,Z,1)$[ORD(S)-Si AND ORD(2)>I]= 0+
{SUM((ZZ,11)$[ORD(I1)<ORD (N,N1Z(S,ZZ,I1))
+SUM (ZZ$[ORD(ZZ)< ZiNIZ(S,2Z 1))+ }$[N1Z(
IHmaxZ(S,Z,)S[ORD(S)=Si AND ORD(])=lc AND ORD(Z)-Zi]=
OHMINZ(S,Z 1)+N1Z(S,Z 1)1 }$IN1Z(S,Z 1)>-1];
IFImin(S,1)$[ORD(S)=Si AND ORD(I)=lc]=
SUM[Z$S{ M(ZZ$[ORD(ZZ)<=ORD(Z)-]INIZ(S,ZZ 1))=0}.IHmInZ(S,Z.1)];
IHmax(S.1)$[ORD(S)-Si AND ORD(I)=ic]=
SUM [Z${SUM (ZZ$[ORD(ZZ)>=ORD(Z)+I]NIZ(S,2Z,1))=0}IHmaxZ(S,Z,1)];

5,2 |)> 1]
)-Z

FOR(Mizl TO CARD(M),
HOT(S,I,M)$[ORD(S)-Si AND ORD(I)=lc AND ORD(M)=Mi]= 0+
ISORD(M)>= IHmin(S,1) AND ORD(M)<=IHmax(S,1)];
HOT2(S,M)$[ORD(S)=Si AND ORD(M)=Mi]= 0+ IS[ORD(M )<=
SUM ()$(ORD(])=CARD(1)).IHmax(S,1))];
HOTZ(S,Z,I,M)$[ORD(S)=Si AND ORD(I)=lc AND ORD(M)=Mi
AND ORD(Z)=Zi]= 0+ IS[ORD(M)>= IHminZ(S,Z ) AND ORD(M)<=IHmaxZ(S,Z I)];

FOR(JizI TO CARD(J),
ICminZ(,Z J)$[ORD(S)=Si AND ORD(J)--] AND ORD(Z)=I]= 0+
{SUM (JS[ORD (1)=CARD (],IHmax(S,1))+}$[NIZ(S,Z,3)>=1];
ICminZ($,Z,J)$[ORD(S)=Si AND ORD(J)>IAND ORD(Z)=l]= 0+
{SUM {IS[ORD(1)=CARD(I)].1l Imax(S,1))
+SUM((ZZ J)S[ORD(JI)<ORD()INIZ(S,2Z,. ))+ ISINIZ(S,Z,d)>=1];
ICminZ(S,Z3)$[ORD(S)=Si AND ORJD(Z)>]= 0+
{SUM {IS[ORD(1)=CARD (1)]JHm ax(S,1)}
+SUM((ZZ.J3)$[ORD(JI)<ORD (I)],NIZ(8,2Z13)
+SUM (ZZ$[ORD(ZZ)< Zi|NJZ(S.2Z,3))#1 }$[NJZ(S,Z,3)>=1];
ICmaxZ($,Z.3)$[ORD(S)=Si AND ORD(J)=Ji AND ORD(Z)=Zi]= 0+
{ICMinZ(S,2 J)+NIZ(8,Z,J)-1 $[NJIZ(S,23)>=1];
ICmin(S,J) $[ORD(S)=Si AND ORD(J)=ii]=
SUM [Z${SUM (ZZ$[ORD(2Z)<=ORD(Z)-],NIZ(S,2Z,))=0}.ICminZ(S,Z.J)];
ICmax($J) $[ORD(S)-Si AND ORD(J)=Ji]=
SUM[Z${SUM (ZZT[ORD(ZZ)>=ORD(Z)+I]NJZ(S,2Z J))=0}.ICmaxZ($,Z,3)];

FOR(Mi=l TO CARD(M),
COLD(S,J,M)$[ORJ)(S)=Si AND ORD(J)=Ji AND ORD(M)=Mi]= 0+
ISORD (M)>= ICmin(S,J) AND ORD(M)<=ICmax(S J)];
COLD2(S,M)$S[ORD(S)=Si AND ORD(M)=Mi]= 0+
ISORD(M)>SUM (I$(ORD(1)=CARD(1)),IFIrnax(s.]))
AND ORD(M)<= SUM(J$(ORD(J)=CARD(J)),ICmax(S,3))];
COLDZ(S,Z,J,M)$[ORD(S)=Si AND ORD(i)=Ji AND ORD(M)=Mi
AND ORD(Z)=Zi]= 0+ IS[ORD(M)>= ICminZ($,Z.J)
AND ORD(M)<=ICmaxZ($,2,J)];

)

PARAMETERSDT(SM) U(S,M), TL(S,M),CPH(S,
),

SM), ),C PC(S M),DHH(S,I,M)DHC(S,I,M)
CPH_ ( IM),CPC_U(SJ,M)CPpi_L(S,I,M i,

IM
CPC_L(S,iM);

DT(S,M) = SUM((Z,)S[HOTZ(S.Z,]M)=I].{[TIHZ(S Z TOFIZ(SZI)]
[IHMaxZ($,Z )-1UminZ(S,Z,1)+1 J})$[HOT2(S,M)= 1]+

SUM ((Z,9)$[COLDZ(S,Z.3,M)= 1],{[TOCZ(S,2)-TICZ(S Z )
[ICmaxZ($,Z,3)-ICminZ(S.Z,3)+1]})$[COLD2(S.M)=1];

FOR(Si= 1TO CARD(S),
FOR (Mi=l TO CARD(M),
TU(S,M)$[ORD(S)-Si AND ORD(M)=Mil= { M((Z,)$[HOTZ(S,Z I M)=I
AND ORD(M)=IFIminZ(S,Z,)] TIFIZ(S,Z,1)$[ORD(M)=IHminZ(S,Z1)])



192

+ SUM(( $HOTZ( J,M)=1AND ORD(M)>IFIminZ(S,Z,I)AND
i) =IF)maxZ(S,Z,1)],
[TIHZ(S L])-( ORD (M)-IHminZ(S,Z,1))*DT(S,M)]$[ORD(M)>
IHmmZ(SZ ANDORD(M)<MHmaxZ(S,Z,[)])}$[HOT2( M)=1]
+{ M((Z,J)$[00LpZ(S,Z,JM)=] AND ORD(M)=ICminZ(S,Z,J)],
TOCZ(S,ZJ)$[ORD(M)=ICminZ(S,ZJ)])
+ SUM((Z,J)$[COLDZ(S,Z,jM)=I AND ORD(M)>ICminZ(S,Z,J)
AND ORD(M)<=ICmaxZ(S,Z 3],
[TOCZ(S,Z,J)-(ORD(M)-ICminZ(S,Z,J))*DT(S,M)]$[ORD(M)>
ICminZ.(S,Z,J)AND ORD (M )<=ICmaxZ(S,ZJ)])}$[COLD2(S.M)=1];
TL(S, M)$[ORD(S) Si AND ORD(M)=Mi]=
{ M((z,1)$[HOTZ(S,Z,I,M)= AND ORD(M)=IHmaxZ(S,Z,1)],
TOHZ(SZI)$[0RD( )=IHmaxZ(S,Z,1)])
+ SUM((Z,1)$[HO0TZ(S,Z,I,M)=1 AND ORD(M)<IHmaxZ(S,Z,1)

AND ORD(M)>=IHminZ(S,Z.])],
[TOHZ(S,Z,1)+(IFImaxZ(S,Z,1)-ORD(M))*DT(S,M)]$[ORD (M )<
I[HmaxZ(S Z,1)AND ORD (M )>=IHminZ(S,Z,)])}$[HOT2(S.M)=1]

+ {SUM((Z,J)$[COLDZ(S,Z IM)=1AND ORD(M)= ICmaxZ(SZ N,

TICZ(S,ZJ)$[ORD(M)=ICmaxZ(S,ZJ)])

+ SUM((Z,9)$[COLDZ(S,Z,I,M)=1 AND ORD(M)<ICmaxZ(s,Z,J)
AND ORD(M)>=ICminZ(S,Z,J)],
[TICZ(S,ZJ)+(ICmaxZ(S,Z,J)-ORD(M))*DT(S,M)]$[ORD(M)<

ICmaxZ(S,Z,J)AND ORD(M)>=ICminZ(S.Z,J)])}$[COLD2(S,M)=1);

CPH_ ( JM)$[HOT(SIM)=1] = A_cp_H()*TU(SM)+ B cp H(l) ;
CPCA ( ,M)$[COLD(S,IM)=1 ]=A_cp CQ)*T(SM)+B_cp_C(J) ;
CPhII(S,I,M)$[HOT(S,I,M)=1] - A_cp_H()*TL(S,M>+ B_cp_H(l) ;
CPC_L(S,J,M)S[COLD(S,I,M)=1]= A _cp_C(I)*TL(SM)+ B cp C(J) ;
CPH(SJM)$[HOT(SIM) 1] =(CPH_ ( ,IM)+CPH_L(, ))2
CPC(S,J,M)$[COLD(S,JM)=1] = (CPC_U( ,J,M)+CPC_L( J N2 ;

FOR(lc=l TO CARD(I),
DHH(S,I,M)$[ORD(S)=Si AND ORD(M)=Mi A
(S|

D ORD(I)=l¢
AND HOT(S,,M)=]]= FFI(S,1)*CP

N
SILM)*[TU(S.M)-TL(S.M)] ;

FOR(Ji=l TO CARD(J),
DHC(S,J,M)S[ORD(S)=Si AND ORD(M)=Mi AND ORD(J) Ji
AND COLD(S,J,M)=1]= FC(SJ)*CPC(S,LM)*nil(SM)-TL(SM)] ;

)

PARAMETER HHEAD(S,M N), CHEAD(S,M N), LMTD(S,M.N), D(S,Z M N)
*MATCH ALLOWED BASED ON LMTD
ALLOW(S,Z, ), ALLOW H( ,Z,IM,J), ALLOW C(S.ZJM I}, ALLOW 2(Z, ) ;

HHEAD(S,MN)= {TU(S,M)-TU(S,N) + DTmin}$[HOT2(S,M) AND COLD2(S N)];
CHEAD(S,MN) = {TL(S,M)-TL(S,N) + DTmin) [HOT2(S,M)AND COLD2(SN)]
LMTD(S,M N)= {[HHEAD(S,M,N)-CHEAD(S,M N)]
JLOGIHHEAD(S,MN)/ICHEAD(S.M N)T}S[HHEAD(S,M N)> 0
AND CHEAD(S,M N)>0 AND HHEAD(S,M N)> CHEAD(S,M N)]
+ {[HHEAD(S,M N)*CHEAD(S,M ,N)]/2)S[HHEAD(S,M N)>0 AND CHEAD(S M ,N)>0
AND (HHEAD(S,M N)< CHEAD(S.M,N)OR HHEAD(S,M,N)= CHEAD(S,M N))i:

D(S,ZM N)= 1$[{HOT2(S,M)=1 AND HOT2(S,N)=I AND SUM[]$(HOT(S IM) 1
AND HOT(S,IN)=1)HOTZ(S,Z I M)]=LAND ~ M[I$(HOT(S,]N)=I

AND HOT( M)=1),H0TZ(S,Z,IN)]=1}

) )=

OR {COLD2( ,M)=IAND COLD2( N)=1AND SUM[I$(COLD(SJ,M)=I
AND COLD(S,JN)=1),COLDZ(S,Z,J,M)}=1AND SUM[IS(COLD(S,J,N)=|
AND COLD(SJM) 1),c0LDZ(S,Z,I,N)]=1)
OR {(HHEAD(S.M, )>:000001 AND CHEAD(S,M N)>=0.00001)
AND SUM[I$(HOT(S,IM)=1),HOTZ(S,.Z,IM)]=I
AND SUM [I$(COLD(5,J,N)=1),COLDZ(S,ZIN)J=1)I;

*OR {LMTD(S,M,N)X) AND SUM[I$(HOT(S,LM)=I)HOTZ(S.Z.I M)]=I
* AND SUM[I$(COLD(SI,N)=1),COLDZ(S,.Z IN)M };

FOR(Si= 1 TO CARD(S)
FOR(ZizI TO CARD(Z),



FOR(lc=I TO CARD(I),
FOR(Ji=l TO CARD(J),
ALLOW (S Z,].J)$[ORD(S)=Si AND ORD(Z)=Zi AND ORD(l)=lc
AND ORD(J)=Ji]= 0+ 18{SUM [(M ,N)$S[HOT(S,IM)=]
AND COLD(S,J.N)=11D( ,Z,M N)] >0
AND NOT[HU(I)AND CUQJ)]);
FOR (Mi=l TO CARD(M),
ALLOW H(S,Z,I,M J)S[ORD(S)=Si AND ORD(Z)=Zi AND ORD(])=lc
AND ORD(J)=Ji AND ORD(M)-Mi

1${SUM [NS$[COLD(S,JNHLD(S,Z,M,N)] >0AND NOT[HU(I)AND CU(J)]);
ALLOW _C(S,Z.J,M NS[ORD(S)=Si AND ORD(Z)=Zi AND ORJD(I)=)c

AND ORD(J)=Ji AND ORD(M)=Mi AND COLD(S,J,M)=I]= 0+
IT{SUM NS[HOT(S,I.N)=1],D(S,Z,N,M)] >0AND NOT[HU(I)AND CU(J)]};

FOR(Zi=I TO CARD(Z),
FOR(lc=l TO CARD()),
FOR(Jiz] TO CARD(J),
ALLOW 2(Z3)$[ORD(Z)=Zi AND ORD(I)=lc AND ORD(J)=Ji]= 0+
1 {SUM[ ALLOW( ,Z]J)] >OANDNOT[HU(I)AND CU()]);

VARIABLES
TCOST
PAR(Z, )
Q(S,Z,1,M,J)N)  heat load for process-process match
QNEW M( ,z, M)
QNEW-N( ,z, N)
QNEW2JVI( ,ZJIM)
QNEW2IM(S,.Z, N)
Y_M(S.Z, M)
yIn (S.Z,LIN)
ylm_B(S,Z, M)
YNB(S,Z.UN)
NHEJVI0(S,Z,1,J,M)
NHE~M1(S,Z,11,M)

[
N
NHEImolb(SA1,J,M)

NHEJV1 B(S.Z,1,JM)
nhelnojb(S,z,ij,n)
NHE~N B(S,Z,LJ N)
nhels,zj,j)
ALFA_M( ,Z1,M)
ALFAJM(S,Z, |N)

FHU(I) is FCP HU (MJ_h_C)
FCU(J) is FCP CU(MJ hJC)
B1( ,Z1MJIN) X(imjn) inthe paper
QH(S,Z,I,M N)

QC(S,Z,J M N)

Q2(S.Z,IMJN)

X1_B( .z, M)

XB(S,K.Z1,JM)

PAR B(K,Z, )

USHELL(Z, )

USHELL B(K.Z, )

i ADD FOR RELOCATON
PAR N(S.Z, )
PAR_NB(KE ZJJ)
DPAR E(Z, )
DPARJEB(K.E.Z, )
NHE_ ( .Z,1J)
DELTA(Z, EEK)
PHI(Z,1J.E)

PAR B R(KEZ, )

HOTUTILITYCOST
Cold UTILITY COST
Area Cost



FIXCOST

*ADD FORPUMP-AROUND CASE

FPY( ,z, M) Case of BIF=0
FPY B(S,Z,UM) CaseofBlF=1
FPA(S,ZJJ.M

0 ™M
K BSZIIM
FPK~CJKS,Z, ,N)
FPKJIII( .4y M)
FPKLII_B( ,Z1,JM)
[PKCt(S.Z,I.IN)
XM($,Z,1,M.LN)
FPQ(S.Z,1,3.M)

(IR)
YW(S,ZJJ M)
KWO0(S,Z, ,MR)
KWJ(S,2,]JMR)
WA(S,73,0,M R)
XW(S,ZJ,M J)NR)
WQ(s,z,1,JMR)
QPA(I)

TOTAL QPA MIN
totalTqgpajviax
Cost_side_stripping steam
SST(I)

SSTL(I)
SST~2(1)

POSITIVE VARIABLE Q QNEW2JVLQNEW?2 N.QCQH.Q2-DPAR_EDPAR E_BPAR_N
PAR N"BJPARQNEW~M QNEW _N,YW KW _0,KW_1,WA XW QPAFP

BINARY VARIABLE NHE_M0_B,NHE M1 B,NHE_NO B,NHE NI BY M,Y_N XI B,x BNHE §
,DELTAY_M _BY_N,BNHE MONHE_M INHE NONHEJn 1ALFA~M,ALFA_N
W

INTEGER VARIABLE USHELL.USHELL B

i

HBCIj(SI.N)
IIBHS(S,l,M)
FIBCS(S.J.N)
TRANSFOR M(S,Z,10M)
TRANSFOR-N( z, ,N)
HBHS_NI(S,TM)
[1BCSINI(SIN)
NOIS(5h (S,I,M)
NOISOC SJN

2130

MNARyZml (S,Z,1,5M
BTNARy I'm 2JB( SZIL
BINARYINI( Z,,M
BINARY"N2(S,Z,]J.N)
binaryln|_B(S,Z, ,N)
BINARy In 216 (5,2J,JN)

BINARYJW5(S,Z, M)
BINARY~M5b(S,Z,1J3V1)
BINARY“M3(S,Z,1,J,M)



RS2
BINARY~M9(5,2,],J ,M

(
BINARy I m 6(S.Z,1,J,M)
BINARY>n(S,Z,UM)
BINARYIM3_ (,z M)
BINARYIN5(S,Z,1,J,
BINARY-N5b(S,Z,1JN)

1
]
J
J

]
N

BINARY~N3(S,Z, IN
BINARY~N4(S*Z,1,JN
Li

BINARY~N8(s'z,]J,N
BINARY~NY(S,ZJ R
BINARY~N6(s'z j

binary!nT(slz,ij

BINARY~N3_B(S,z'l,i,
HE_COUNT_MO(S,Z,I
helcountlno(s,z j,J
helcountlml(,Z,
helcountlnl( ,z, )
NEXCH(S,Z,1,J)
NEXCH _B(S,Z,I,
BIFI( ,Zlj'

J
)
J.N
)
)
)
N)
i)
n)
N)
)
)
)

BIFJT( 2,
FEAS_M_Ol( ,
FEAS~M~0I_B
FEASIm102(S,Z,1J,M)
FEASImlo02_B(S,Z,1J.M)
FEASIm 103(S,2,1.0.M)
FEASIm103_B(S,Z,1,JM)
feasiml04(s,z,ij'm)
FEAS~M~2(S"J,I M)
feas!m j(s'z'i'j,m)
feas!ml3(S,z,ij'm)
FEAsIm I4(S,Z,1,j’'m)
FEASIVI3 B 2(5,Z, M)
feaslm jlbd (s'zjj'm)
FEAS \l 4 B%s;z, M)
FEAsIm jIsP(S,Z,1,JM)

. M)
$.Z,1IM)

FEAS3m ! I" B(S,ZIJ M)
FEAS N 01( ,Z, ,N)
FEAS N 01 ( .z, ,N)
FEAS~N 02(S.Z, ,N)
FEASJ4 02 ( ,z, ,N)
FEAS_N_03(S,Z, N)
FEAS N 03_B( .,Z, N)
FEAS N 04(5,Z, N)
FEAS N 2(5,Z, N)
FEAS N ](s'z,UN)
FEAS™9 3(S,Z,1EN)
% 4S,Z2,1IN)

3 2(siz,U,N)

FBAS-N 4 ( ,Z.IJN)

FFAS N 1 Z1IN
FEASJO | P B( ,ZIIN)
FEAS BEG SP( ,ZJJMN)
HA - 8E01L 1(.Z, MN)
FEASIENASP(,Z, ,MN)
FEASJENDJB_SP(S.Z,1LI.M N)

z
FEAs5 eG3( Z, M,
FEAS BEG(S.Z, :M N
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M)

I\M)=1 AND
TL(s m))=E= SU

U(1) AND FREEH(I))..

HBHU(S,l,M)( 0T (S, H
M)- M ((Z,N,9)$(D(S,Z,MIN)=1AND TL(S.N) LT TU(S.M)

FHU()*(TU(S,
AND COLD(SJN

)=1
AND ALLOWT7h(S,Z,IM,J)=1AND ALLOW _C(S,Z,JN,I)=I AND FREEC(J)),Q(S,Z,I.M JN));

HBC13(S,J,N)S(COLD(S.J.N)=1 AND CU(J) AND FREEC(J))..

FCU(I)*(TU(S,N)-TL(S N)) =E= SUM((Z,M,1)S(D(S,Z,M N)=1 AND TL(S,N) LT TU(S,M)
AND HOT(S,I,M)=I

AND ALLOW H(S,Z],MJ)=1 AND ALLOW _C(S,Z,JN,I)=1AND FREEH(1)),Q(S.Z,LM JN)):

HBHS(S,LM)$(HOT(S.I,M)=] AND NOT HU(I) AND

FREEH (i) AND NIH(J)=0 AND NOT PA())..

DFIH(S,LM)=E=SUM((Z,N.3)$(D(SZ M N)-1 AND TL(S,N) LT TU(S,M) AND COLD(SJ,N)=]
AND ALLOW H( ,Z,IM,J)=1AND ALLOW_C(S,Z,, D=0,0(5,Z,LM IN));

HBCS(S,JN)$(COLD(SI,N)=I AND NOT 0J(J) AND FREEC(J) AND NIC(J)=0)..

J
N

C@I)=

DHC(S,J,N)=E=SUM ((Z,M 1)$(D(S,Z,M N)=1 AND TL(S,N) LT TU(S,M) AND HOT(S,|M)=]
AND ALLOW H( ,Z,]M)=1AND ALLOW C( ,ZIN ]J)=i)Q(3.Z.]M JN));
TRANSFOR M(S,Z,1,J,M)$(HOT(S,,M)=I AND ALLOW Jf(S,Z,IM J)=1
AND FREEH(I) AND FREEC(J))..
QNEW _M( ,Z,1,JM) =E= SUM(N$(D(S,Z,M N)=1 AND TL(SN) LT TU(S,M)
AND COLD(S,J,N)=1 AND ALLOW C( .Z,JN,1)=1),Q(S.Z,I,M,I.N));
TRANSFOR_N(S,Z,I],N)$(COLD(S,JN)=1 AND ALLOW C( ,Z,]NI)=1
AND FREEH(I) AND FREEC(J)) .
QNEW N( ZIJN)=E=  M(IVI$(D(S,Z,M N)=1 AND TL(S,N) LT TU(S,M) AND HOT(S,LM)=I
ANDALLOW _H( ,Z,IMJ)=1),Q(5,Z,I,M I N));

HBHS I( LM)$(HOT(S,I, )| ND NOT HU(I)

AND FREEH(I) AND NIH(|)=I ND NOT PA(I))..

DHH(S,IM)-E=  M((Z,N.J)$(D(S,.Z,M N)=] AND TL(S,N) LT TU(S M)

AND COLD(S,J.N)=l AND ALLOW H(S,Z,I,M,3)=l AND ALLOW- C(S.ZJN,I)=1).

N N)=1 AND HOT(S,)N)=I AND ORD(N) GT ORD(M)),QH(S Z IN M))
*SUM((Z,l (D(S,Z,MN)=L AND HOT(S,I,N)=I AND ORD(N) LT ORD(M)),QH(S,Z.LM N));
!

HBCS_N1( J,N)$(COLD(S,J,N)=I AND NOT CU(J) AND FREEC(J) AND NIC(J ) 1).
DHC(S,JN)=E=  M((ZM,)$(D(S,Z,M N)=1AND TL(S\N) LTTL(S.M)AND OT(SI.M) 1
AND ALLOWJI(S,Z LM, JH AND ALLOW C( ,Z,J,N.1)=1),Q(S.Z,] M J N))
+SUM((ZM)S(D(S,Z,M,N)=L AND COLD(S,J.M)=I AND ORD(M) LT ORDfN)) Q ¢(s Z JM N))
-SUM ((27m )$(D(S,Z,M N)=T and COLD(SJM)=l and ORD(M)GT ORD(N)),QC(S,Z,I.N.M));

M)$(HOT(S,I,M)=I AND NOT HU(I) AND FREEH(I) AND NIH(I)=1)
D(S,Z,MN)=1 AND HOT(S,I,N)=I AND ORD(N) LT ORD(M)),QH (S Z,I.M N))
== N,J)$(D(S,ZM N)=1 AND TL(S,N)LT TU(S,M)AND COLD(S,J,N)=1
AND ALLOW _H( ,ZMJ)=1 AND ALLOW _C(S,Z J.NT)=1),Q(S,.Z,IM JN));

NOASOC(S,J,N)$(COLD(SIN)=I AND NOT CU(J) AND FREEC(J)AND NIC (JH)
SitM((/M)S(D(S.Z,M.N) T AND COLD(S,J,M)=I AND ORD(M) GT ORD(N)),QC(S,ZJ,N.M))
=L= SUM((Z,M,1)$(D(S.Z,MN)=1 AND TL(SN) TTU(SM)AND HOT(S,M)=1

AND ALLOw Th (S,Z,,MJ)=1 and ALLOWIC(S,Z,JN,1)=1).Q (5.2, M j.N)):

*EQ (] la and 13a) Case of B]JF(1,J)=0 (i.j) not belonging to set B.

BINARYjvn (,Z,]J.M)$(HOT(S,IM)=I AND ALLOW _H(S Z,IM J)=1 AND BIF(Z.1J)=0

AND FREEH(I) AND FREEC(J)AND NOT PA(])
QNEW _M( ,Z1LIM)-Y_M( Z,IIM)*DHH(S,M)$(NOTHL)(I)
SYM(S,7,UM)*FMAXJHI(1)*D THII(1)$(1113(1))-L-0;



*

*EQ (L1b and 13b)  Case of BIF(1,J)=0 (ij) not belonging to set B

bhed Fxxxkxkxk MINIMUM VALUE OF QNEW _M=0.01!!mi!

BINARY_M2(S,Z, ,M)$(HOT(S,IM)=I AND ALLOW _H(S,Z,LM,J)=1 AND BIF(Z, )=0 AND
FREEH(I) AND FREEC(J) AND NOT PA(l))..

QNEW_M( z, ,M)-Y_M(S,Z, ,M)*QLHMIN=G=0;

*EQ (11a and 13a) Case of BIF(1,J)=1  (ij) belonging to set B
BINARY_MI_B(S,Z,I,J,M)$(HOT(S,I,M)=1 AND ALLOW _H( ,Z,]M,J)=1 AND BIF(Z,1J)=1
AND FREEH(I)AND FREEC(J) AND NOT PA(l))..
QNEW_M(S,.Z, ,M)-Y_M_B(S,Z, ,M)*DHH(S,IM)$(NOT HU(I))
-Y M_B(S.Z,ILJM)*FMAX HU(I)*DTHU(I)$(UU(I))=L-0;

*EQ (lib and 13b) Case ofBIF(IJ) 1 (ij) belonging to set B

BINARY M2_B( ,z, ,M)$(FIOT(S,I,M)=I AND ALLOW H(S,Z.I,M J)=i AND BIF(Z,1,J)=]
AND FREEH(I) AND FREEC(J)AN NOT PA(I))..

QNEW _M(S8,Z, ,M)-Y_M _B(S,Z, ,M)*QLHMIN =G=0;

*EQ('2aand 14a) Case of BIF(I,J)=0 (ij) not belonging to set B

BINARY N1( .z, ,N)$(COLD(S,J,N)=1AND ALLOW C( ,Z,JN,)=1 AND BIF(Z,1,)=0
AND FREEH(I)A D FREEC(J))..
QNEW N(S,Z1JN)-Y_N( Z,1IN)*DHC(S,JN)$(NOT CU(J))

JiN)
Y N( .z, NJ*FMAX_CU(J)*DTCU(@)$(CU())=L-0:

*EQ (12b and 14b) Case of BIF(1,J)=0 (ij) not belonging to set B
BINARY N2( ,z, ,N)$(COLD(S,JN)-I ANDALLOW _C( ,ZJN,)=1 AND BIF(Z, )=0
AND FREEH(I)AND FREEC(J)).. QNEW_N(S,Z,JN)~Y_N(S,Z,iJN)*QLCMIN=G=0;

*EQ (12a and 14a) Case of BIF(1,J)=1 (i) belonging to set B
BINARYN I_B(S,Z,ILJ,N)$(COLD(S,J,N)=1 AND ALLOW _C(S,Z,J,N,]J)=I AND BIF(Z,1,J)=1
AND FRELIRI)AND FREEC(J))..
QNEW _N( ,Z,1,J,N)-Y_N_B(S*1LJ,N)*DHC(S,J,N)S(NOTCU(J))
-YJ4_B(si,1,J,N)*FMAX_CU(J)*DTCU(J)S(CU(J))=L=0;

*EQ (12b and 14b) Case ofBIF(l,J): (ij) belonging to set B

BINARY_N2_B(S,Z, ,N)$(COLD(S,J,N)=I AND ALLOW _C( ,Z,JN ) 1AND BIF(Z,1 J)=1
AND FREEH(I) AND FREEC(i)).. QNEW _N( ,Z,LJ,N)-Y_IN_B( ,Z.LJ,N)*QLCMIN=G=0:
*EQ (15) NOT NEEDED

% GAMS WRITES ITAUTOMATICALLY WHEN IT WRITES EQUATION (18)

BINARY M5( 2z, M)S(HOT(S,,M)=I AND HOT(S,I.M-I) AND ALLOW _H( Z,IM J)=1
AND ALLOW H(S,Z,,M-1J) AND BIF(Z,1,J)=0 AND FREEH(I) AND FREEC(J))..
NHE_MO( ,Z,[IM)=L=2-Y M(S,Z,LIM)-Y_M(S,Z,1JM-1);

*EQ (17) IS INREAITW NOT NEEDED, BUT WAS ADDED TO ENFORCE K=0 WHEN Y=0
*AND HOT(S,I,M-I) AND ALLOW _H(S,Z,IM-1J)AND ALLOW _H(S,Z,I M J)=1
*AND ALLOW _H(S,Z,IM J)=1

BINARY M5b(S,Z, ,M)$(HOT(S,IM)=IAND ALLOW H(S,Z,1M,J)=1AND BIF(Z,1,)=0
AND FREEH(I) AND FREEC(j)).. NHE_MO( Z1IM)"=L=Y M( .z, ,M);

ITTURNS OUT THAT THIS EQUATION ONLY FORCES THE VALUES OF K TO BE ZERO

EXCHANGERS OR BECAUSE THE FIXED COSTS ARE BEING MINIMIZED.
EVEN IFNOT DRIVEN TO ZERO BY THE OBJECTIVE FUNCTION IT ISHARMELESS
*HOWEVER, ITTURNS OUT THAT ITCOULD MAKE EXTENSIONS OF THE MODEL HAVE

*
*  WHEN Y=0, WHICH HAPPENS NATURALLY IF ONE IS MINIMIZING THENUMBER OF
*
*

*PROBLEMS. SO, ALTHOUGH THE EQUATION ISNOT NEEDED, IT GIVES SOME EXTRA VALUES

*jI_OF K WHEN THEY DO NOT REALLY MATTER.

BINARY M3(S,.Z, ,M)$(HOT(S,.M)=] AND ALLOW H( ,Z,IM.J)=1 AND BIF(Z.1J)=0
AND FREEH(I) AND FREEC(i))..

( M(.Z, MT)S(HOT(S,IM-I)
H(S,Z,IM-10)) ;

BINARY M4( z, .M)$(HOT(S,IM)=I AND HOT(S,I,M-I) AND ALLOW H(S,Z,I.M J)=1

199



AND ALLOW_H(S.Z) ML) AND BIFZ] =0 AND EREEH() AND FREEC()
NHE MO(S.Z 1, I M=G=0;

*EQ (20)NOT NEEDED
* GAMS WRITES ITAUTOMATICALLY WHEN IT WRITES EQUATION (18)

BINARY M8(S,Z,1,J,M)$(HOT(S,M)=I AND HOT(S,I,M+I) AND ALLOW H(S
AND ALLOW _H(S,Z,i'm+1J)and BIF(Z]J)=0 and FREEH(I)and FREEC(J
NHE M 1( ,Z,LIM)=L=2-Y M(S,Z,I.I,M)-Y_M(S,Z ]I M+1);

Z M J)z=1
)

*EQ (22) :ORIGINALLY NOT NEEDED. BUT ADDED TO ENFORCE K=0 WHEN Y=0
*  AND HOT(S,IM-i) AND ALLOWJI(S,Z,IM 1)
BINARY M9(S,Z,1,J,M)$(HOT(S,I,M)=L AND ALLOW ! I(S,Z,I,M,J)=1 AND BIF(Z,1,J)=0
AND FREEH(I)AND FREEC(J))..
NITHMI( L 1IM)=L= Y _M(S,Z,10M);

* SEE COMMENTS ON EQUATION (17)

BTNARY"_M6(S,Z,I,J M)$(HOT(S,I,M)=I AND ALLOW _H(S,Z,I,M )=l AND BIF(Z,1J)=0
AND FREEH(I) AND FREEC(J)).. NHE_MI(S,Z,1,J,M)=G=Y M(S,zj,J,M)-Y_M(S,Z,1,jM+I)
(HOT(S,]M+1)AND ALLOW H( .ZJM+1,J));

BINARY _M7(,Z,1JM)$(HOT(S,I,M)=1 AND HOT(S,,M+I) AND ALLOW H(S,Z]M J)=1
AND ALLOW H(S,Z,IM+1 J)AND BIF(Z,1,J)=0 AND FREEH(I) AND FREEC(J))..
NHEMI( z, M)=G=0;

BINARY M3 B(S,Z,,JM)$(HOT(S,I,M)=1 AND ALLOW H( .Z,IM J)=1 AND BIF(Z,1,))=1

AND FRLLII(I) AND FREEC(J))..
Y M _B(SZ, M)=E=SUM(0$(HOT(S,1,0)
AND ALLOW H(S,Z,1,0,J)-1),NHE_M0_
SUM (0$(HOf( ,1,0)=1 AND ORD(0) L
AND ALLOW _H(S,Z,1.0

D ORD(0) LE ORD(M)
J.0))
D(M)|]
J-1)NHE ‘M1 B(S,Z,13,0)):

AN
1

*EQ (26) NOT NEEDED
GAMS WRITES ITAUTOMATICALLY WHEN IT WRITES EQUATION (18)

B COLD(S,JN-[) AND ALLOW C(S,Z,J N 1)=1
0 AND FREEH(I) AND FREEC(J))..
Z1J

JN)-Y _N(,Z,1JN-1);

BINARY N5( ,Z,1,J,N)S(COLD(S,JN)=I AND
AND ALLOW C( ,Z JN-1,1) AND BIF(Z,1,J)=
NHE_NO(S,.Z,I,LN)=L=2-Y_N(

*EQ (28)NOT NEEDED, BUT ADDED TO ENFORCE K=0 WHEN Y=0
*  AND COLD(S,JN-1) AND ALLOwW__¢( *:N-1,0)
BINARY N5b(S,Z,LjN)$(COLD(SJ,N)=TAND ALLOW C( ,ZJN,I)=1 AND BIF(Z,1,1)=0
AND FREEH(I) AND FREEC(J))..
NHE_NO(S,Z,1LIN)-L= Y _N( ,ZILIN);

* SEECOMMENTS ON EQUATION (17)*

*EQ (29)
BINARY N3(S,Z,1J,N)$(COLD(S,JN)=I AND ALLOW C(S,Z,JN,I)=I AND BIF(Z,1,0)=0
AND FREEH(I) AND FREEC(J))..
NHE NO( ,ZLIN)=G=Y N(,Z1JN)-YN(S,Z,I,IN-1)
$(COLD(S,JN-I) AND ALLOW _C(S,Z,JN-1,2));

OLD(SJN-I) AND ALLOW C(S,ZI,N,I)=1
AND FREEH(I) AND FREEC(J))..
LN)=6=0;

BINARY_NA(S,Z,I,JN)$(C LD(S,J.N)=I
AND Al'LOW ('( .L.J.N-LIi AND BIF(Z,

AND
1,J)=
NHE_NO(S.Z,I,

C
0
|

*EQ (31) NOT NEEDED
GAMS WRITES IT AUTOMATICALLY WHEN IT WRITES EQUATION (18)

BINARY N8( ,z,1,J,N)$(COLD(S,J,N)=I AND COLD(S.J,N+) AND ALLOW C( .Z,JN,I)=1



AND ALLOW, CISSZJ N+1?AND BIF(Z, ’\? =) AND FREEH AND FREEC(J))
F NI ,ZJIN)=L=2-Y N(SILIN)-Y N(SZIJN+1);

*EQ (33)NOT NEEDED BUT ADDED TO ENFORCE K=0 WHEN Y=0
*  AND COLD(S,J,N-I) AND ALLOW _C(S,Z,J,N-1,1)
BINARY N9(S,Z,1,i'n )$(COLD(S,JN)=1 and ALLOW C(S,Z,JN,)=]and BIF(Z,1,J)=0
and FREEH(I) AND FREEC(J))..
NHENI( ,ZIJN)=L=Y N(S,Z1IN);

* SEE COMMENTS ON EQUATION (17)

*EQ (34)

BINARY N6(S,Z,1J,N)$(COLD(S,3,N)=I AND ALLOW _C(S,Z,J.N,I)=I AND BIF(Z,1J)=0

AND FREEH(I) AND FREEC(J)).. NHEN I ( ,Z,1JN)=&=Y N(SZ,I,J,N)-Y_N( Z)IN+Y)
$(COLD(S,J,N+1) AND ALLOWJ3(S,Z LN+1]));

BINARY N7( ZIJN)$(COLD(

JN)=l AND COLD(SJ,N+I)AND ALLOW _C( ,ZJN,I)=1
AND ALLOW C( ,Z,JN+I,I)AND B
N H

):
IF(Z,1,0)=0 AND FREEH(I) AND FREEC(J))..
EN 1(,Z,1JN)=6=0:

*EQ (36)
BINARY N3 _B(S,Z,1J,N)$(COLD(S,J,N)=l AND ALLOW _C(S,Z,J,N,I)=| AND BIF(Z,1,J)=1
AND FREEH(I)AND FREEC(J)).

Y N _B(S,Z,1,J,N)=E=SUM (0$(COLD(S,J,0) AND ORD(0) LE ORD(N)

ANETa LLOW C(S,Z,J,O,I)),NHE_NO_B(SZ|JO))-SUM(OS(COLD(SJ.O)AND ORD(0) LE
ORD(N)-I AND AI3.0W C(S,Z.3,0,))NIliz N1B(S,2,1J.0));

*EQ (37)

HE COUNT_MO( z, ) (ALLOW(S.Z,1J)=I ANDFREEH(I) FREEC(J))..

NHE(S.,Z,1,J)=E= SUM(M$(HOT(S IM)=1 AND ALLOW_H(SZ J):] AND BIF(Z,1,0)=1),

NHE_MO _B(S.Z,1J M)+ UM(M$( OT(S,I,M)=I ANDALLOW H( ,Z,I.M J)=I

AND BiF(Z,L3)-0), NHE_M0(S,Z,1,J,M));

HEACOUNT_ NO (5.2, )S(ALLOW( ,Z,1J)=L AND FREEH(I) AND FREEC(J))
NHE(S,Z, )=E SUM( [(COLD(S,J,N)=I AND ALLOW _C(S,Z,J,N,I)=I AND BIF(Z,19)=1),

+ SUM(N$(COLD(SI,N)=1AND ALLOW C(S,Z,J,N,1)=1 AND BIF(Z,1,)=0),
NHEND(S,Z,1,0.N));

*EQ (39)

AND FREEH(I) AND FREEC(J))

D ALLOW H( ~]MJ)=1 AND BIF(Z,1J)=1),
M)=I AND ALLOW H(S,Z,IM J)=1

*EQ (40)
HE_COUNT_N1( .ZI, z
NHE (S| JA=E=SUM (N$(COLD(S,J,N
NHE N1Ji(S,Z,1,I,N)) + SUM(N$(CO
AND BIF(Z,1)=0), NHE NI( Z,iJN

1,9)=1 AND FREEH(I) AND FREEC(J)),.

)= AND ALLOW _C(S,Z,J,N I)=I AND BIF(Z,1,J)=1),
LD(S,J,N)=I ANDALLOW C( ,Z,JN,I)=1

);

z, )(ALLOW(S
U J,

NEXCH (SA.13)$(ALLOW (S,Z,1,J)=1 AND BIF(Z,1J)=0 AND FREEH(I)
AND FREEC(J)).NHE(S,Z,1,J)=L-1 #

*EQ (42)
NEXCH B(S.Z, )$(ALLOW (S,Z,1J)=I AND BIF(Z, )=1 AND FREEH(I)
AND FREEC(J)). NHE(S,2J,J)=L=KMAX(Z LJ);

BIF1( Z,L3M N)$( (SJZ.M N)=1 AND TL(S,N) LT TU(S.M) AND HOT(S,I,M)=I
AND COLD(SJN)=I AND ALLOW _H( ,Z,IMJ)=1 AND ALLOW _C( ,Z,JN,I)=1
AND BIF(Z,iJ ):I ND FREEH(I) AND FREEC(j) AND NOT PA(lj)..
SUM (L$(D(S,Z,L N)=1 AND ORD(L) LE ORD(M) AND HOT(S,I,L)=I
AND ALLOW H(S,Z,I,LJ)=1),
QNEW M(s7z, L))-QNEW2_M(S,Z,1,JM)=L=
SUM (0$(D(S,Z,M,0)=i AND ORD{0)LE O (N) ND COLD(S.J.0) AND ALLOW C( ,2,j,0,1)),
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BIF 11( .Z,1LJM)$(HOT(S,I,M)=I AND ALLOW H(S,Z1 M J)=1 AND BIF(Z,1,J)=1
AND FREEH(I) AND FREEC(J)).
SUM (0$(HOT(S,1,0)=1 AND ORD(0) LE ORD(M)AND ALLOW H(S,Z,1,0,)=1),
NHE_MO0_B( ,Z,1.J,0-NHE_M1 B(S,Z,1.,0))=L=] ;

BI? 12(S,Z,1,J,N)$(COLD(S,J,N)=I AND ALLOW _C( ,ZJN,I)=1 AND BIF(Z, )-1
AND FREEH(I)AND FREEC(J))..
M (0$(COLD(S,J,0) AND ORD(O) LE ORD(N) AND ALLOW _C( ,Z,J,0,1)),
NIIENO B(S,Z,1,J,0)-NHE_NIB(SZ,1,J,0))=L-1;

B176(slz LIM)S(HOT(S,,M)=1 and atlow H(SZIMJ)=1 and BIF(Z,1J)]
and FREEH(I) AND FRIEEC())).
QNEW2 M( 2z, ,M)=L= QNEW _M( ,Z, M)

*EQ (50)

BIF_9( .Z]JM)S(HOT( JM)=1AND ALLOW _H( ,ZM,J)=1 AND BIF(Z,1J)=1
AND FREEH(I)AND FREEC(J) AND NOT PA(i)),,

* QNEW?2 M($.Z]JM) =L=NHE_MO_BI( .2 LI M DHH(S.LM);

BIF_5( ,Z,1J,M)$(HOT(S,I,M)=IANDALLOW __H(S,.Z,IM J)=IANDBIF(Z 1,J)=I
AND FRLLIKDAND FREEC(J) AND NOT PA(I))..
QNEW2 M(S,Z,,JM)=L= NHEJV1L B(S,Z,]J M)*DHH(S,I,M);

HE  NIINED THVARABLEISCELARDRCITIMVE




BIF 8(S,Z,1J N)$(COLD(S.J,N)=I AND ALLOW_C(S,Z J,N.I)=1 AND BIF(Z.1,J)=1
AND FREEH(I) AND FREEC(J))..
QNEW2_N(S.Z,IJN)=L= QNEW _N( Z,1JN);

*EQ (54)
BIF_10( ,Z,13,N)$(COLD(S,J,N)=1 AND ALLOW _C(S,Z,J,N,1)=1 AND BIF(Z,1J)=1
AND FREEH(I) AND FREEC(J))..

QNEW2_N(S,Z,ILJN) =L= NHE_NO_B(S,Z,1J,N)*DHC(S,JN);

BI? 7(slz 1 N)$(COLD(SJ,N)=1 AND ALLOW _C(S,Z,J,N,I)=1 AND BIF(Z, )=1
AND FREEH(I) AND FREEC(J))..
QNEW2 N( Z,1,IN)=L=NHE_N]_B(S,Z,I.J,N)*DHC(SIN);

*EQ (56) NOT NEEDED. THE VARIABLE ISDECLARED POSITIVE

FEAS M 01(S,Z,1,J,M)$S(HOT(S,I,M-1) AND HOT(S],M)=I AND ALLOW J4( ,Z,IM J)=1
AND ALLOW _H( ,Z,IM-1,J)AND BIF(Z,1J)=0 AND SPH(I)=1 AND FREEH(l)
AND FREEC(J))..

ALFA M(S,Z,LIM)=L=]-NHE MO0(S,Z,],JM-1)-NHE_M0(S,Z 1,3 M);

FEAS_M 01 B(S,Z,1,JM)$S(HOT(S,I,M-1) AND HOT(S,I,M)=l AND ALLOW _H(S.Z,I,M J)=I
AND ALLOW _H(S.Z,I,M-1,J)) AND BIF(Z,1.])=1 AND FREEH(I) AND FREEC(J))..
ALFALm ($,Z,1,JM)=L=1-NHE_MO0_B(S,Z,1]M-1)-NHE_M0_ B(S,Z,1JM);

FEASJvI 02(S,Z,1,JM)$(HOT(S,I,M-1) AND HOT(S,I,M)=l AND ALLOW H(S.Z,IM J)=1
AND ALLOW H(S,Z,IM-1,J) AND BIF(Z,1,J)=0 AND SPH(I)=1 AND FREEH())
AND FREEC(jj)

ALFA_M( ,Z1LIM)=L=1-NHE M1( Z,1,JM-1)-NHE_M1(SZ,1J,M);
FEASIVI_02_B(S,Z,1,JM)$(HOT(S,IM-1) AND HOT(S,I,M)=l AND ALLOW _
AND ALLOW H( ,Z,IM-1,J) AND BIF(Z,1.J)=1 AND FREEH(I) AND FREEC

ALFA=M(S,Z,1,J M)=L=1-NHE _ |

H(S.Z,IM JH
F 0) ).

, E_M1_B(S,Z,1,JM-1)-NHE M1_B( Z,1,J,M);

*EQ (59)

FEAS_M 03(5,Z,1,J,M)$(HOT(S,IM-1) AND HOT(S,I,M)=1 AND ALLOW J4(S,Z I.MJ)=I

and "ALLOW 11(5.Z,IM-1,3) AND BIF(Z,),J)=0 AND SPH(I)=1 AND FREEH(I)

AND FREEC(J))..

ALFA_M(5,Z,1,JM)=6G=Y_M(SZ,LJ,M)-NHE_MO(S,Z,,J M-1)-NHE_MO(S,Z,U M)-

FEAS_M _037B("ZT}ZM)$aK)T(S\!IM G [ANDHOT(S,IM)*ANDALLOW JI(S,Z,LM .))-I

AND ALLOW H(S,Z,I,M-1,J) AND BIF(Z,1,J)=1 AND FREEH(I) AND FREEC(J))

ALFA_M(S,Z, M)=G=Y_m1b(S.Z,IIM)-NHE_MO_B( ,Z1JM-1)-NHE_MO B(S,.Z, M)
-NHE~m1 B( ,Z1,JM-1)-NHE_IVIL B( ,Z,1IM);

FEAS_M _04(S,Z,1,JM)$S(HOT(S,IM-1) AND HOT(S,I
ALLOwih(SZ,IM LJ)AND (BIF(Z, )=L OR SPH(I):
ALFA M(S,Z,1,JM)=6=0

M)zl AND ALLOW H(S,Z IM,J)=1 AND
1) ND FREEH® AND FREEC(J))..

*EQ (61)
FEAS_ M _2(S,Z,1JM)$(HOT
AND ALLOW FI( ,ZIM-1,
QNEW _M(S,27U,M)I(CPH(

1/(
M

M)=I AND ALLOW H(S,Z I M J)=1
AND SPH(I)=1 AND FREEH(I)AND FREEC(J)AND NOT PA(]).
[M)*(TU(S,M)-TL(S,M)))=L

TL(SM-1))
J*(TU(S.M)-TL(S,M)));

(S,I,M-I) AND HOT(S,I,
J)
S,
QNEW M(S,Z,1,J,M-
+1-ALFA_ M( Z U,

CPH(S,IM-1)*(TU(S,M-1)-
))*DHH(S,I,M)/ (CPH(S,I,M

J$(HOT(S,I,M-1) AND HOT(S,IM)=I AND ALLOW H(S,Z,I M,J)=1
Z,IM-1i) AND SPH(I)=1 AND FREEH(I) AND FREEC(J)AND NOT PA(I)).
)l ( )*

FEAS_M 1( .Z1JM
5 N

PH(S,IM (TU(SM)TL(SM)))

)*DH

(S

AND ALLOW H(S,
QNEWJIVI(S,Z,1j.M)i(
+(I-ALFA M(S,Z, M)

=G-QNEW _M (S

|
H(S,J, )I(CPH(S, LM J*(TU(S M)-TL(S M)
Z LM -1)/(CPH(S,i'm -1)*(TU(S,M-1)-TL(S,

==

1))

FEAS M_3(S.Z,LJ,M)$(HOT(S,I,M-I) AND HOT(SI, )=l AND ALLOW _H(S,Z,I,M.J)=I

ANDALLOW H(S,Z,I M-I J)AND BIF(Z,1.J)=0 AND SPH(I)=1 AND FREEH(I)
AND FREEC(j) AND NOT PA(I))..
~QNEW _M(S,Z,1,IM-1)/(CPH (S,IM-1)*(TU(S,M-1)-TL(S,M-1)))



+ QNEW M(S,Z,1JM)I(CPH(S,IM)*(TU(S,M)-TL(S,M))
+(1+ NHE_M1( ,zi,J M-1) + NHE_M 1( ,Z,1J M) -NHE M (5.Z,]JM-1))
*DHH(S,7m )I(CPH(S,IM)*(TU(S,M)-TL(S,M)))*).0000T=6=0;

FEAS M 4(S,Z,1.J,M)$(HOT(S,]M-I) AND HOT(S,I,M)=] AND ALL.OW _H(S,.Z,IM J)=I
AND ALLOW H( ,Z,I,M-1,i) AND BIF(Z,1,J)=0 AND SPH(I)=1 AND FREEH(I)

AND FREEC(J) AND NOT PA(1))..
-QNEWJVI(SZIJM)/(CPH(S,I,M)(TU(S,M)TL( )))

+ QNEW JVI(S,Z,),J, M- D)/(CPH (S,1.M-1)*(TU(S,M-1)-TL(S,M-1)))

+(1+ NFFE_MO(S,Z,1LIM-)+NHE_MO(S,Z,1.J,M)-NHE_MI(S,Z,].3,M))

*DHH (S,m )I(CPH(S,1,M)*(TLI(S>)-TL(S,M)))* 1.00001 -G - 0;

FEAS M 3 B 2(S,Z,1,J,M)$(HOT(S,,M-1)AND HOT(S,I,M)=! AND ALLOW H(S,Z,I.M J)=]
AND ALLOw1h(SZ,1M-1,0)and BIF(Z,1J)=1 and SPH()=1 AND FREEH(I)

AND FREEC(J) AND NOT PA(1)).

QNEW _M(S,Z,1IM-1)[(CPH(S,I,M-1)*(TU(S.M-1)-TL(S,M-1)))=L=

QNEWT7m ($,2,1,J M)/(CPH(S,1M)*(TTI(S.M)-TL(S,M)))

+(I+NHE M 1B(S.Z,LIM-1)+NHE M 1 B(S,Z,]J.M)-NHE M0 B(S,Z1,J.M-1))
*DHH(S,T,M)I(CPH(ST,M)*(TD(S,M)-TL(S,M)));

FEAS M 3_B_I(S",1,J,M)$(HOT(S,IM-I) AND HOT(S,IM)=I AND ALLOW H(S,Z,I,M J)=1
AND ALLOWT_H(S.Z,!M-1J) AND BIF(Z,1,J)=1 AND SPH(1)=1 AND FREEH()
AND FREEC(J)AND NOT PA(1),
QNEW2 M(S,Z,1,J M-1)[(CPH(S,I,M-1)* (TU(SM 1)TL(SM 1) =L=
QNEW _M(S,ZT,JM)I(CPHS, ,M) (TU(S,M)-TL(S,M)))+ (2 + NHE_M1 B(S,Z,1J.M)
NHE_MO_B(S.Z,L.IM 1)-Y_M_B( Z1IM-D)
*DHH (S]MJI(CPH(S,IM)*(TU(SM)-TL(S.M));

FEAS M 4_B(S,Z,lJ,M)$(HOT(S,I,M-I) AND HOT(S,I,M)=l AND ALLOW H( .Z,1.MJ)=1
AND ALLOW H( Z,IM-1,J) AND BIF(Z,1J)=1 AND SPH(L)=1 AND FREEH(I)
AND FREEC(f) AND NOT PA(I)..
(QNEWJIVI(S,Z,1.J,M)-QNEW2_M(S,Z,1,J PH(S,I,M)*(TU(S,M)-TL(S.M))) =L=
TU(S,M-1)-TL(S.M-1)))
(s 1.B(S,Z1,IM)-Y M B(SZ,1JM))
S M)*(TU(S,M)-T17s.M));

A
1,J,M)- N
ONFw 7m(S,Z,1JM-DICPH(STiM-1)*(
+(2 + NHE_MO0_B(S,Z,1,J M-1)-NHE_M
*DHH(S,LM)/(CPH(

FEAS M 1 .SP( .Z,LJM)S(HOT(SM-I) AND HOT(S,I,M)=I AND HOT(S.L.M+])
AND ALLOW H( Z,1M J)=1
AND ALLOWT7h (S,.Z1M-1J) and ALLOW _H( Z,IM+1J) AND BIF(Z.1J)=0 AND SPH(])=0
AND FREEH(I) AND FREEC(J) AND NOT PA(l)..
QNEWM(S,Z,1,, M) G=(Y_M(S,Z1,IM)-
NHE MO( ,Z, NHETm 1( ,Z,i,JM))*DHH(S,I.M);

M)+
FEAS_M_1 SP_ B( Z1,JM)$(HOT(S,I,M-I) AND HOT(S, ,M)=I AND HOT(S,I,M+I)
|

AND ALLOw 7h (8,Z,1.M J)=1
AND ALLOW7h (S,Z,1,M-1,0)and ALLOW _H(S,Z],M+1,J) AND BIF(Z,1J)=1 AND SPH(I)=0
AND FREEH(i) AND FREEC() ND NOT PA(I)..

QNEWM(S,Z,1,0,M)=6=(Y_M (SZ,l,J,M)-

NHE MO B( .z, ,M)+NHE_MoTb(S,Z,1J,M))*DHH(SIM);

FEAS N 01( ,Z,1,J,N)$(COLD(S,J,N-1) AND COLD(S,JN)=] AND ALLOW C(S.ZJ.N,l)=I
AND AiTIOW C( ZJN-1,1) AND BIF(Z,1,J)=0 AND SPC(J)=1 AND FREEH(I)
AND FREEC(J)).
ALFAN( ,Z1JN)=L= I-NHE_NO(S,Z,|J.N)-NHE NO(S,Z IIN-I);
FFAS N 01 B(S7i,J,N)$(COLD(SIN-IJAND COLD(S,J,N)=I AND ALLOW _C( ,ZJN,I)=L
AND ALLOW _C(s7z, N-1,1) AND BIF(Z,U)=1 AND FREEH(I) AND FRJEEC(]).
ALFATN(S,Z,IJN)=L=1-NHeTn 0_B( ,ZJJN)-NHE_NO B( .z, N-1);

FEAS_N_02(S,Z,1,J,N)$(COLD(S,J,N-1) AND COLD(S,J,N)=I
AND ALLOW _C(S,Z,J,N-1,1) AND B1F(Z,1,J)=0 AND SPC(J)=
AND FREEC(J))

AND ALLOW C(S.Z,J.N I)=1
1 AND FREEH()

ALFA_N(S,Z,I,JN)=L:1 NHE Nl( Z1IN)-NHE N1(S Z,1,IN-1);
LEAS N_02_B( ./, N)$(COLD(S,J,N-1) AND COLD(SJ,N)=I AND ALLOW _C(S.Z,J.N,1)=I
AND ALLOW C(SZJ,N 1,1) AND BlF(Z]J): AND FREEH(I) AND FREEC(J))..
ALFA™ N('.Z,LIN)=L=1-NHE N1 B(S,Z,1J,N)-NHE_N1_B(S,Z,1,J N-1);



FEAS N 03(S,Z, ,N)$(COLD(S,J,N-1) A ND COLD(S,J ) )=1 ND ALLOW _C(S,Z,J.NJ)=1
AND ALLOW C(S,ZJN-1,1) AND BIF(Z,1,J)=0 AND SPC(J)=1 AND FREEH()
AND FREEC(J))..

ALFA_N( ,Z1JN)=G=Y_ N(SZ,I,JN) NHE_NO(S,Z,]J,N)-NHE_NO(S,Z.1,IN-1)
SNHENL( 2" N)-NHE_N1( ,Z 1iN-1)F
FEAS N 03 B(SZ, N)$(CC)LD(SJ,N-1)AND COLD(SJN)= LAND ALLOW _C($,Z J N ))=]
ANDALLOW _C( ,ZJ,N-1,1) AND BIF(Z,1,J)=1 AND FREEH(I) AND FREEC(J))..
ALFAIN( ,ZiJN)=G=Y N _B(S,Z,]J,N)-NHE_NO B( ,Z]JN)-NHE_NO_B( ,Z,1JN-1)
-NHEN1

B( .z, N)-NHE_N1 B(S.Z,LIN-1);

FEAS_N_04(S,Z, N)$ (COLD( , ,N-I)AND COLD(SJ,N)=I AND ALLOW _C( ,ZJN,1)=1
AND ALLOW C(S,Z,JN-LI) AND (BIF(Z,1J)=1 OR SPC(J)=1) AND FREEH(l)
AND FREEC(J))

ALFA N(S,Z, N)=G=0;

FEAS_N_2(S.Z, N)$(COLD(S,J,N-I)AND COLD(S,J,N)=I AND ALLOW _C(S,Z J.N })=I
AND ALLOW _C(S,Z,JN-I 1) AND SPC(J)-] AND FREEH(I) AND FREEC(J))..
QNEw [ n (5,ZEJN)/(CPC(SIN)*(TU(S.N)-TL(S.N))=L=QNEW N( 2, N-I)
/(CPC(S JN-1)
*(TU(S,N-1)-TL(S,N-1)))+(L-ALFA_N(S,.Z,1 L.N))*DHC (S I,N)/
(

)
(CPC(S,J,N)*(TU(S,N)-TL(SN)));

FEAS_N_I(S,Z, ,N)$(CO D(S,J,N-I) AND COLD(S,],N)=I AND ALLOW _C( ,ZJN,I)=1
AND ALLOW _C( ,ZJN-1,)) AND SPC( )=1 AND FREEH(I) AND FREEC(J))..
QNEw ! n (S,ZEJN)/(CPC(S,JN)*(T (S,N)-TL(S,N)))
+(1-ALFA N( ,Z,LJN))*DHC(S,IN)
J(CPC(SINE*(TU(SN)-TL(SN)=G=QNEW AN(S,Z,1,J,N-1)/
(CPC(S,JN-1)*(TU(S,N-1)-T

-NHE NO(,Z 1IN

L(S.N-D));

FEAS_N_3(S,Z, N)$(COLD(S,J,N-I)AND COLD(S,J,N)=I AND ALLOW C(S,Z,JN,1)=1
AND ALLOW _C( ,ZJ,N-1,I) AND BIF(Z,1J)=0 AND SPC(J)=1 AND FREEH()

AND FREEC(J)).

-QNEW _N(S.Z,1J,N-1)/(C C( JIN-D(TU(SN-1)-TL(S,N-1)))

+QNEWTn (5,2,1LIN)I(CPC(S,IN)*(TU(SN)-TL(S.N))+(1+ N HEN1( Z,1,IN-1)
+NHE_N1( .z )1

))*DHC(S,JN)I(CPC(S,J,N)*(TU(SN)-TL(S,N)))*L00001 =G = 0;

FEAS_N_4(5,Z, N)$(COLD(S,J,N-I) AND COLD(S,J,N)=I AND ALLOW C(S.Z,JN,I)=
AND ALLOW C(S$,Z,JN-11) AND BIF(Z,1.J)=0 AND SPC(J)=1 AND FREEH(I)
AND FREEC(J)).

-QNEW N(S,Z, ,N)I(CPC(S,J,N)*(TU(SN)-TL(SN))
+QNEw 1n (S,Z,1N-1)/(CPC(S,J.N-1)*(TU(SN-1)-

TL(SN-1)))

+(L+NHE_NO(S,Z,1,J.N-1)

+ NHE_NO( ,Z,LIN)-NHE N1( .z, N))*DHC(SJ.N)/
(CPCES,JN)*CrU(S,N)-TL(S,N)))* 1.00001 =G =0;

*EQ (77)

FEAS_N_3 B2(S,Z_ N)$ COLD(SJNI)AND COLD(S,J,N)=I

AND ALLOW _C(S,4IN,I

AND ALLOW=C(S,Z JN- I,l)AND BIF(Z,1,J)=1 AND SPC(J)=1 AND FREEH(I)

AND FREEC(J))..

-QNEW _N( ,Z/1JN-1)I(CPC(SIN-1)*(TU(SN-1)-TL(S.N-])))

+QNEWLn (S,Z,1,N)/(CPC(S,JN)*(TU(SN)-TL(S.N)))

+(1 + NHeln 1 B( ,Z,lJN-1)+NHENl_B(S,Z, N)-NHE NO_B(S,Z, ,N-1)

*DIIC(S,IN)(CPC(S,LN)*(TU(SN)-TL(SN))K>0;

*EQ (78)
FEAS N 3_BJ(S.Z,1.JN)$(COLD(SJN-I) AND COLD(S,J.N)=I
AND ALLOW C( ,ZJN 1)1

AND ALLOW j:(SXJ,N-11) AND BIF(Z1J)=1 AND SPC(J)=1 AND FREEH())
AND FREEC(J))..

QNEW2 N( z, N-1/CPC(SJN-
+QNEw Jn (S,Z,10N)/(
-NHE_NO_B(S,Z,1,J,N-1)-Y _nJb (52,



*DHC(S,JN)(CPC(S,J,NJ*(TLI(SN)-TL(S,N)))=G=0;
*EQ (19)
FFAS N 4 B(S,Z ,N)$(COLD(S,J,N-I) AND COLD(S,J,N)=I AND ALLOW C( ,Z,IN )
AND ALLOW _C(S,ZJ.N-1,1) AND BIF(Z,1J)=1 AND SPC(j)=| AND FREEH()
AND FREEC(J))..
-(QNEWJI>1(5,Z, N)-QNEW2_N(S,Z, ,N)) CPC(SJIN)(T
+ QNEW~N(S,Z,1LIN-1)/(CPC(S,JN-1)*(T

( U(
U(S,N-1)-TL(S,N-1)))
+(2+ NHE NO_B( .z, ,N-I)44HE_N1_B(S,

*DHC(S,J.N)I(CPC(S.iTn )*(

S,N)-TL(S.N)))

N)-Y NJ?(S

Z, Z, N)
TU(S.N)-TL(S.N)))=G

=0;
*EQ (80)

FEASN 1 SP(S,Z, ,N)$(COLD(S,J,N-I) AND COLD(SJ,N)=I AND COLD(S,J,N+)AND

ALLOw7¢(S,Z,J,N,I)=I AND ALLOW _C(S,ZJN-II)AND ALLOW _C( ,Z,JN+],1)

AND SPC(J)=0 AND FREEH(I) AND FREEC(J)
|

).
(Y_N(,Z1JN)-NHE_NO(S,Z,1,J,N)-NHE_N1(S,Z,],J.N)T*DHC(S,J N);

FEAS NJ SP B(SZ, ,N)$(COLD(S,J,N-I) AND COLD(S, N)=I AND COLD(S,J,N+I)
AND ALLOW C(S,Z,JN,I)=I AND ALLOW _C(S,Z,J,N-I,) AND ALLOW _C(S,Z JN+11)

AND SPC(J)=0 AND FREEH(I) AND FREEC(J)).. QNEW N( ,Z,1JN)=6=
(Y_N_B(S,Z,1,JN)-NHE_NO_B( ,Z,1,J,N)-NHE _NI_B(s7z,1,JN)J*DHC(S J.N);

QNEW N(S.Z,1,J.N)=G=

FEAS beg sp(s,z, . N)$(TL(S,N) LE TU(S,M)AND TH(S,N) GE TL(S,M)
AND HOT(S,IM)=I AND COLD(S,J.N)=I AND ALLOW H( ,Z,IM J)=1
AND ALLOW C(SZ, N )= TAND BIF(Z,1,3)=0

AND SPH(1)=0AND SPC(J)-0 AND FREEH()AND FREEC(J) AND NOT PA(1)
TL(SM) - TL(SN) QNE IN( 2 )( C(SJ)*CPC(S.JIN))
+QNEW M( .z, ,M)IFH (s ) M)
+ (2-NHETm 0(3,Z LJM)-N (SZ,I,JN))*TU( N)=G=0;
FEAS BEGJB SP( z, ,MN)$(TL(S,N) LE TU(S,M)AND TU(SN) GE TL(SM)
AND HOT(S,LM)=I AND COLD(SJ,N)=1 AND ALLOW H(S,Z.I,M J)=1
AND ALLOWT¢(S,Z,JN )=l and BIF(Z,1J)=1

AND SPH(1)=0AND SPC(J)=0 AND FREEH(I) AND FREEC(J) AND NOT PA(l))..
TL(SM) - TL(S,N) -QNEW _N(S$,Z,1J,N)/[(FC(S J)*CPC(S,I.N))

+ QNEW_M(S,Z,1,3.M) I(FH(S,1)*CPH(S,1,M))

+ -

(2-NHE7m O_B(S,Z,1J,M)-NHE_NO B(S,Z,I.J,N))*TU(S,N)=G=0;

FEAS END_SP( ,z, M ,N)$(TL(S,N)LE TU(S,M)AND TU(S, ) GE TL(S.M)
AND HOT(S,I,M)=1AND COLD(S,J,N)=I AND ALLOW H( ,Z,IM

: J)1
AND ALLOwlIc(S,Z N )=l and B1F(Z,]J)=0
AND SPH(I

)=0AND SPC(J)=0 AND FREEH(I) AND FREEC(J) AND NOT PA(l))
TU(S,M)-TU(SN)

-QNEWM (S,Z, M)I(FH (SI)*CPH(S,I,M))+QNEW_N(SZ,I,JN)(FC(S )¥CPC(S,J.N))
+(2-NHE M 1(S,Z,1.J M)-NFIE_N1( ,Z,LI,N))*TU(SN)=G

FEAS END_B_SP(S,Z, M N)$(TL(S,N)LETU(S,M)AND TU(SN)GET
AND HOT(S,;M)- AND COLD(S,j,N)=I AND ALLOWJ4( ,ZIM,J)=1

AND ALLOW C( . , )=] AND BIF(Z,1J)=1

AND SPH(1)=0 (3)=0 AND FREEH(I) AND FREEC(J) AND NOT PA(I))..
TU(S,M)-TU(SN)

-QNEw 1m (S,Z, M)I(FH(S,1)*CPH(S,1,M)) + EWJ4(S, LIN )(FC(
+(2-NHe7m 1_B(S,Z,1,J,M)-NHE_N1_B(S,Z,1J.N))*TU(S N

J
=0;

: L(S.M)

'

JN
SPC

,J)*CPC(SJN))

s
)=G

FEAS BEG3(S,Z,
AND TU(S,N) GT TL(S,
AND HOT(S,I,M)=I AN

M
TL(
AND HOT(S,I,M+I) AND COLD(S,J.N)=I AND COLD(S,JN+I)
AND ALLOw 7h (S,.Z,IM J)=1

N)$(DTVIO(1,J)=1 AND D(S,ZM N)=1 AND TL(S,N) LT TU(S,M)
SM)
DH

AND ALLOw 7f1(S,ZIM+1J)and ALLOW C(S,.ZJN,)=l and ALLOW _C(S,Z.IN+] 1)
AND BIF(Z, )=0 AND (SPH(I)-] OR SPC(J)=1) AND FREEH(I) AND FREEC(J))..
NHENI( ,Z1JN)=L=(2-NHE_MO(S

Z1JM)-NHe 7n 0(S.Z,1,IN));

FEAS BEG(S,Z, ,MN)$(DTVIO(1,J)=I AND D(S,ZM.N)=1 AND D(S,ZMN)=1
AND TU( N)GT TL(S,M)AND HOT(S,,M)=1 AND HOT(S.LM+I) AND COLD(S,J.N)
AND COLD(S,JN+I) AND ALLOWJI1(S.Z,I,MJ)=1 AND ALLOW H(S,Z,I M+1J)
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AND ALLOW C(S,Z
AND (SPH(I) 1 OR S|
QNEW N( .z, NI
J(TU(SN+1)-TL(S,N+
+(2-NHE_MO( ,Z,

AND ALLOW _C(S,Z,JN+11) AND BIF(Z,1,3)=0
D FREEH(I) AND FREEC(J))..

N))=L=QNEW N(i7z, N+1)
)ICPC(SIN+1j
NO(ZLIN))*DHC(SIN)(TU(S,M)-TL(S,N));

FEAS BEG2(S,Z,1,J,M,N)$(DTVIO(1,J)=I AND D(S,Z,M N)=I AND TL(S,N) LT TU(S,M)
AND=~TU(S.N) GT TL(S,M) AND HOT(S,I,M)=I AND HOT(S,],M+I) AND COLD(S,JN)=1
AND COLD(S,JN+l)

AND ALLOW H(S,Z,I,M J)=1 AND ALLOW H(S,Z,I,M+1,J) AND ALLOW C(S,ZJ.N,])=!
AND ALLOW"C(S.Z,JN+L1) AND BIF(Z,1,JJ=0 AND (SPH(I)=] OR SPC(J)1)

AND FREEH(i) AND FREEC(J)AND NOT PA(1))..

QNEW _ M(SZ ,M)( (TU(S,M),TU(S,N) -TL(S,M))=6=

QNEW _M(,ZLIM+1)(TU(S,M+1)-TL(S,M+1))

*CPH(S7|M)/CPH(S,I,M+1H2 NHelm 0(S,Z,1.J,M)-NHE _NO(S,Z,1J.N))
*DHH(S,IM+i)I(TU(S,M+1)-TL(S,M+1));

FEAS_END3(S,Z,1,0 M, N)S(DTVIO(1,)=l and D(S,ZMN)=l and TL(S,N) LT TU(S,M)
AND TU(S,N) GT TL(S,M)
AND HOT(S,,M)=] AND HOT(S,I,M-[) AND COLD(S,J,N)-l AND COLD(S,JN-I)

AND ALLOW H(S, ,I,M,J):
AND ALLOwlh( JM-1J)AND ALLOW C(
AND BIF(Z,10)=0 AND (SPH(I)=1 OR SPC(J)

IN1)=l and ALLOW C(S,Z,JN-11)
=1)
NHE_MO(silJ,M ) (2-NHE_MI( ,Z,JJM)-N

Z
AND FREEH(I) AND FREEC(J))..
HE_N1( ,Z ] IN));

FEAS_END(SA,1LIM N)$(DTVIO(I,J)=1 AND D(S,Z,M N)=1 AND TL(S N) LT TTI(S M)

AND TU(S.N) GT TL(S,M) AND HOT(S,I,M)=I AND HOT(S,I,M-I) AND COLD(S,J,N)=1
AND COLD(S,J,N ) AND ALLOW _H(S,Z,I,M J)=I AND ALLOW_FI(SZ,II,M L)

AND ALLOW ( ,Z,J,N,l) LAND ALLOW C(S,Z,J.N-1,)) AND BIF( J)=0

AND (SPH(I)=1 OR SPC(J)= )ANDFREEH(T)AND REEC(J)AND OTPAfI))"
QNEW_M(S,Z,I,J TL(SN))=L=QNEW M(S,Z )JM DITU(S,M-I)-TL(S,M-1))

)('nJ(S,M)
*CPH(S,IM)ICPH (S, M-1)+(2-NHeTm 1(S,Z,1,0,M)-NHE_NI( ,Z,1JN))
*DHH(S,1I,M)(TU(S,M)-TL(S.N));

FEAS_ENDZ(S,Z,I,JM,N)S(DTVIO(IJ): AND D(S,Z,M,N)=1 AND TL(S,N)LTTU(S M)
AND TU(SN) GT TL(S,M) AND HOT(S, ,M) | AND HOT(S,I,M-1) AND COLD(SI,N)=I
AND COLD(S,,N-I) AND ALLOW_H( Z/I,M J)=1 AND ALLOW _H(S,Z,I,M-1,J)
AND ALLOW C(SZ,JN,)=LAND ALLOW _C(S,Z,J,N-11) AND BIF(ZT,3)=0

D FREEC(J))

AND (SPH(])=T OR SPC(J)=1) AND FREEH(T_)AN F
QNEW N(.Z1JN)(TU(S,N)-MAX(TL(S,M),TL(S,N)))=G=QNEW N(S,Z,1,J N-1)I
*CPC(SjN)ICPC(SIN-)-(2-NHE_MI( z, M)-NHE_N1( z, ,N))

*DHC(S,JN-D/(TU(SN-1)-TL(S,N-D);

FEAS BEG4 B( .z, ,M,N)$(DTVIO(I,J)=I AND D(S,Z,M N)=1 AND TL(S,N)LT TD(S,M)
AND TU(SN)GTT L(S,M)

AND HOT(S,1,M)=I AND HOT(S,I,M+I) AND COLD(S,J,N)=I AND COLD(S,JN+I)

AND ALLOW H(S,Z,I,M J)=I

AND ALLOWIH(S,Z,I,M+1,J)AND ALLOW C( ,ZJN,)=1 and ALLOW C(S,ZIN+LI)
AND BIF(Z, )=1 AND (SPH(I)=1 OR SPC(J)=1) AND FREEH(I) AND FREEC(J))..

0+Y _NJIB(S,Z, ,N)}-NHE_MO B(SZ, ,M)-NHE_NO B(S.Z, .N));

FEAS BEG2 B(S,Z,J.J,M N)$(DTVIO(1,)=1 AND D(S,Z,M N)=1 AND TL(SN) LTTU(S M)
AND™D(S,N) GT TL(S,;M) AND HOT(S,I.M)=I AND MOT(S,I,M+) AND COLD(S,J,N)=I
AND COLD(S,JN+I) AND ALLOW _H( ,Z,IM ,J)=1 AND ALLOWIJH( ,Z1M+1J)

AND ALLOW C(S,Z,J N,I)=I AND ALLOW C($,Z,J,N+11) AND BIF(Z,1,J)=1

AND (SPH(I)=1 OR SPC(J)=1) AND FREEHO) AND FREEC(J))..

QNEW _N( ,Z,1N)/(TU(SM)-TL(S,N))-L=

QNEWTn (S,Z,LIN+ 1)/(TU(S,N+1)-TL(S.N+1))

+

*CPC(STIN)ICPC(S,JN+1)
(I+yTn B(S,Z,1,JN)-NFIE_M0 B(S,Z,1,J M)-NHE N0 B(S.Z,1.I,N))
*DHC(s X n)/(TU(S,M)-TL(S.N));

EQ (91)



FEAS BEG) B(S,Z, ,M,N)$(DTVIO(1,J)=I AND D(S,Z,M,N)=I AND TL(S,N)LTTU(S,M)
s

ANDTU(S,N) GTTL(S,M) AND 10T (S,I.M)=I AND HOT(S,!\M+1) AND COLD(S,J.N)=I
AND COLD(S,JN+I) AND ALLOW H(S,Z,;M J)=L AND ALLOWJI(S,Z,IM+1 J)
AND ALLOW C(S,Z.J,N,I)=I AND ALLOW _C(S,Z,J,N+11) AND BIF(Z,]})=]

AND (SPH(1)=1 OR SPC(J)= 1)AND FREEH(T) AND FREEC(J))..
QNEW2INAZ, N)(TU(S.M)-TL(S,N))=L-QNEW _N(8,Z, N+I)I
(TU( N+D)-TL(SN+1))

*CPC(S,J,N)ICPC(S,I N+ )+(2NF|E MO_B( z, ,M)-NFIE_NO_B(SZ, N))
*DHC(SIN)I(TU(S.M)-TL(S.N));

*EQ (92)

FEAS BEG3 B(S,Z,1,J,M N)$(DTVI0(]J)=1 AND D(S,Z,M ,N)=I AND TL(S,N) LT TU(S,M)
ANeTtU(S.N)GT TL(S,M) and HOT(S,IM)=1 AND HOT(S,I,M+l) AND COLD(S,J,N)=I
AND COLD(SJN+I)AND ALLOW H(S,Z,1MJ)=1 AND ALLOW H(S,Z,IM+1J)

AND ALLOW C(S,Z,JN,I)=I AND ALLOW _C(S,Z JN+L1)AND BIF(Z. )=1

AND (SPH(I)=1 OR SPC(J)=1 )AND FREEH(T) AND FREEC(J) AND NOT PA(1)..
QNEW _M(S,Z,LIM)(MIN(TU(S,M),TU(S,N))-TL(SIVI))=G-QNEW _M( ,Z,1,i,M+1)/

*CPH(S,]>1)/CPH (S, M +1)-(2-NHE_MO_B(S,Z,1,J,M)-NHE_NO _B(S,Z,1,J.N))
*DHH(S,1,M+ 1)/(TU(S,M+1)-TL(S.M+1));

*EQ (93)
FEAS_END3_B(S,Z, ,M,N)$(DTVIO(1J)=I AND D(S,Z,M ,N)=1 AND TL(S,N) LT TD(S,M)
AND TU(S,N) GT TL(S,M)
AND HOT(S,I,M)=l AND HOT(S,I,M-I) AND COLD(SJ,N)=I AND COLD(SJ,N-I)
AND ALLOW 11(S,Z,1.M J)=1
AND ALLOw I h(S,Z,1M 1J)AND ALLOW c&szam 1) AND ALLOW _C(S,Z,J,N-11)
AND BIF(Z, ")=1AND (SPH(1)=1 OR SPC(jj=I) AND FREEH(I) AND FREEC(J)).
0+YMB( , ,M)-NIEML B(S,Z.IJM)-NHE N1 B(S,Z, ,N)):
FEAS_END,B( ,Z,1.J,M,N)$(DTVIO(1,J)=I AND D(S,Z, M N)=L AND TL(SN) LT TO( M)
AND TU(STn) GT TL(SM) and HOT(S,,M)=l and HOT(S,/M-l)and COLD(S,JN)=I
AND COLD(S,JN-l) AND ALLOW J3(S,Z,1MJ)=I AND ALLOW _H(S,Z,I M-1,J)
AND ALLOW C(SJ,N,I) | AND ALLOW _C($,ZJ,N-1,1) AND BIF(z,1J)=I
AND (SPH(1)-1 OR SPC(J)=1) AND FREEH(T) AND FREEC(J)AND NOT PA(I).
(QNEW _M (S 10.IVL)-QNEW2 M ( ,Z,].J,M)HTU(S,M)-TL(S.N))=L=
QNEW_ (S,Z,1IM-1)/
(TU(S M- ) L(S.M- 1))*CPH(SlM)/CPH(SlM-1)+
(2-NHE_MLB(5.Z, ,M)-NHE NrB(S,Z,1,J,N))*DHH(S,I,M)I(TU(S,M)-TL(S,N)):
FEASJEND2 B(S,Z, ,M,N)$(DTVIO(I,3)=1 AND D(S,Z,M,N)=1 AND TL(S N) LTTU(S M)
AND TU(S,N) GT TL(S,M) AND HOT(S],M)=I AND HOT(S,I,M-I) AND COLD(S,J,N)=I
AND COLD(S,J,N-I) AND ALLOW _H(S,Z,,M,J)=I AND ALLOW _H(S,Z,I M-LJ)
AND ALLOW _C(S,Z,JN,I)=I AND ALLOW _C( .Z,JN-1,1) AND BIF(Z,1J)=1
AND (SPH(I)=1 OR SPC(J)=1) AND FREEHfI) AND FREEC(J)).
(QNEW _N( .z, N)-QNEW2.N( z, N)ITU(SN)-MAX(TL(SM),TL(SN))=6=
QNEW N( ,Z,LIN-1)/(TU(S,NG)-TL(S,N-1))*CPC(S,IN)ICPC (S,JN-1)
(2-NHEMT B(SZLJM)-NHE N1_B(SZ,I.J,N)*DHC (S,JN-1)/
(TU(SN-1)-TL(SN-1));
PAREQ(S,Z,I1,J)$(ALLOW (S,Z,1,3)=1 AND FREEH () AND FREEC(J))..
PAR(Z,1,J)-E-SUM (M N)$(D(S,Z,M N)=] AND TL(S,N) LT TU(S,M) AND HOT(S,I,M)=I
AND COLD(S,J N)=I
AND ALLOW _H(S,Z]M )=l AND ALLOW C( ZJ,N,I) 1),
1S,Z,LM JN)I(U(S, )*LMTD(S.M N))):

BIF 13 2( K.z, ,M)$(ORD(K) LT KMAX(Z,1,J) AND HOT(S,I,M)=I
AND ALLOW H($,Z1MJ)=1
AND BIF(Z,1,j)=I AND FREEH(I) EEC(J))
PAR B(K.Z )=L=SUM((LN)$(D (, L.N)=1 AND ORD(L) LE ORD(M)
ANDTL(S.N) LTTU(S.L)
AND HOT(S,I,L)=] AND COLD(S,J,N)=I AND ALLOW H(S,Z,1,.L,3)=]
AND ALLOW C(SJZ,JN,1)=1),
(Q(S,Z.1,LIN)-Q2(SA 1L, J N))(U(S,1LI*LMTD(S,L N))
sAMAX*(2-NFIE_VIL B(S,Z, M)X B( .z, M)
SUM (KK$(ORD(KK) G f1AND ORD(KK) LT ORD(K))X_B( KK Z.ILJM)));
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"Comment: In the paper X1_B does not show. Only one variable, X_B is used
* to make summations from 1to kmax-1. Here we use X1 B and then a
* summation from 2 to kmax-1. See equation (100) aswell

"EQ (98)

BLFJ3J( K.z, M) (ORD(K)LT KMAX(Z]J)AND HOT(S,I.M)=I

AND ALLOWH(S,Z,i,M J)=I

AND BJF(Z,1.J)=I AND FREEH(I) AND FREEC(J))..

PAR B(K,Z1J)=6=  M((L,N)$(D( ./,LN)=1 AND ORD(L) LE ORD(M)

AND TL(SN) LT TU(S.L)

AND HOT(S,I,L)=I AND COLD(S,J,N)=I AND ALLOW _H( ,Z,1LJ)=I

AND ALLOW C(S,Z,I.N,1)=1),

(Q(S.Z,1.LIN)-Q2(SIZ,I,L,J N))/(U(S]J)*LMTD(S,L,N))
AAMAX*(2-NHE_M1B(S./,UM)-X]_B( [, M)-
M(KKS(ORD(KK) GT I'AND ORD(KK) LT ORD(K))X_B( KK.Z, M)));

"EQ (99)

BIF_14(S,K.,Z,1,J)$(ORD(K) EQ KMAX(Z,1,J) AND ALLOW (S,Z,1,J)=1 AND FREEH(I)
An5 FREEC(J)and BIF(Z, )=!).
PAR B(K.Z, )=E=PAR(Z, )- M(KK$(ORD(KK) LT ORD(K))PAR B(KK Z, ));

BIF 15(S,Z,1,J,M)$(HOT(S,IM)=1AND ALLOW _H(S,Z,I,M J)=I AND BIF(Z,1,J)=1

ANS5 FREEH(I)and FREEC(J))..
X!_B(,, ,M)*tSUM(K$(ORD(K)GT 1LAND ORD(K) LE KMAX(Z, )),
ORD(K)*X_B(S,K,Z,1,J,M))=E= SUM(L$(HOT(S,I,L)=I AND ORD(L) LE ORD(M) AND
ALLOW H(S,Z,1,L,J)=1)NHE_MO0_B( ,Z,],J,L))+1-Y_M B(S.Z,1,J,M);

"Comment: In the paper X1_B does”not show. Only one variable, X B is used

* to make summations from 1to kmax-1. Here we use X1 B and then a

* summation from 2 to kmax-1.

"EQ (101
Bllg_(ﬂ( ),z, M)$(HOT(S,1M)=I AND ALLOW _H(S,Z,I,M J)=I AND BIF(Z]J)=1
AND FREEH()AND FR EEC(J)),.
SUM(N$(D(S,Z,M N)=1 AND TL(S,N) LT TU(S,M)AND HOT(S,},M)=l AND COLD(SJN)=I
AND ALLOW H(S.Z,1MJ)=1 AND ALLOW C(S,Z,J.N 1)=1),02(3,Z,1,M J,N))=E=
QNEW2_M(S,Z,1,IM):

BIF_18(S,Z,1,J,M N)$(D(S,Z,M ,N)=1AND TL(S,N) LT TU(S,M) AND HOT( I,M):
AND COLD(S,J,N)=1 AND ALLOW H( ,Z1MJ)=1AND ALLOW C( ZJN,I)=1
AND BIF(Z, )-! AND FREEH(I) AND FREEC( ).

Q2(8.Z,1,M JN)=L=Q(S,Z,1M IN);
"EQ (103)

SHELL(Z,1,3)$(SUM[S,ALLOW (S,Z,1,0)]>= 1AND FREEH(I) AND FREEC(J)
PAR(Z,1,J)=L=ASHELLMAX"USHELL(Z,1,J);

ZL3)$(SUIVI[ ALLOW( ,Z, )]>= 1AND FREEH(I) AND FREEC(J)
1,3 B:asHELLMAX*USHELL B(K.Z,LI);

"EQ (105)

"TOTALCOST..TCOST=E=  M(I$(HU(L

* + SDM(J$(CU(J) AND FREEC

"+ SUM((Z,13)$( 'WI[ ALLOW(S.Z, )]>

" AND BlF(Z )=0), CF*USHELL(Z ,,J))
+  M(K,(Z, ) ( M[,ALLOW(S,Z,1J)]>= LAND FREEH(I) AND FREEC(J)
ANDBIF(Z )=1), CF*USHELL_B(K,Z,LJ))

+SUM((Z, ) ( M[ ,ALLOW(S,Z, )]>= 1AND FREEH(I) AND FREEC(J)),
CA*PAR(Z, ))

* + Cost_side_stripping_steam ;

SONTEXT

TOTALCOST.. TCOST=E=SUM(IS(HU

) AND FREEH(1)),CHU(I)*FHU(1)*DTHU(1))
(3)),CCU@)"FCUI)*DTCU())

= 1AND FREEH(I) AND FREEC(J)

EE

(1) AND FREEH(1)),CHU(I)"FHU(I)*DTHU(l))
+SUM (J$(C13(J) AND FREEC(J)),CCU(I)*FCU()*DTCU(J))
"SIIM((S,2.1.9)$(AL1,OW (S,Z,1,J)=I AND FREEH(I) AND FREEC(J))
CF*(NIIH(S,Z,LI)*NHES(S,Z,1.))$(NHEO(S,Z,1,0)=1)-NHEO(S,Z,1,3)))
+SUM((S,Z,1)S(ALLOW (8,Z,13)=I

AND BIF(Z,1,0)=0),CAE*DP

Z,1.3)=1 AND FREEH(I) AND FREEC(J)
AR E(Z, )+CAN*PAR N(S.Z, ))
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+SUM((SK Z, ) (ORD(K)LE KMAX(ZJ.J)AND ALLOW (S.Z.1.J)=I
AND FREEH(I) AND FREEC(J) AND BIF(Z, )=1)
CAE*DPAR _EJ3(K,Z, J4CAN*PAR n 'b(K Z, ))
SOFFTEXT
) IAL.COST TCOST =E= SUM(IS(HU(I) AND FREEH(I)),CHU(I)*FHU(I)*DTHU(I))
+ SUM(J$(CU(J) AND FREEC(J)),CCU()*FCU(3)*DTCU())

+SUM((S,Z,1,J)$(OPT=2 AND ALLOW S,Z,],J)=| AND FREEH(I) AND FREEC(J)
AND BIF(Z, )=0)
(CF*(NHE(S,Z,1J)+NFIE_S(S,Z,1J)$(NFIEO(S,Z,1,3)=1)-(NFIEO(S,Z,I1,J)*(SUM (ES(ORD(E) LE KET),
Phi(Z 1J E))))))+(CAE*DPAR_E(Z, ))+CAN*PAR_N(S.Z,JJ))
+SUM((S,Z, )$(OPT=2 AND ALLOW(S,Z,1J)=I AND FREEH(I) AND FREEC(J)
AND BIF(Z, )=1)
(CF*(NHE(SZ,I,))*NHE_ ( .Z,1.J)$(NFIEO(S,Z,1,3)=1)-SUM ((EE E,K)$(OPT=2 AND ORD(E) LE KET AND
ORD(K)LE KMAX(Z, )),DELTA(Z, EEE.K))
+SUM((S,Z,1,J K,E)$(OPT=2 AND ALLOW(S,Z, )-1AND FREEH(I) AND FREEC(J)
AND BIF(Z,13)=1 AND ORD(K)LE KMAX(Z, ))
*  +SUM (KS(ORD(K)LE KMAX(Z, ))
(CAE*DPAR E B(K E.Z,1J)+CAN*PAR_N_B(K E.Z,1.J))

+Cost_side_stripping_steam,

* Flere vve have an equation thatis made simpler than in the paper. We account
* for the total area of the exchangers (use PAR and not PAR B)
* The result is the same.

*EQ (106) CONSISTENCY: Number ofexchangers smaller than the number of shells
* Needed because the exchangers are related to the values of K.

KMAX1( ,Z,1J)$(ALLOW(S,Z,1,)=1 AND FREEH(I) AND FREEC(J) AND BIF(Z,1,J)=0).
NHE(S,Z,1J)-L - USHELL(Z, ) ;

KMAX2(S,Z, ) (ALLOW(S,Z,1,J)=1 AND FREEH(I) AND FREEC(J) AND BIF(Z.1,J)=1)..
NHE(S,Z,1])-L - SUM(K,USHELL B(K.Z, )) :

*EXTRA EQUATIONS NOT IN PAPER BUT NEEDED

*EQ(108) LIMITTHE NUMBER OF EXCHANGERS
TOTNEXCFI_MAX(S).. SUM((Z,1J)S(ALLOW (S,Z,1.J)= 1AND FREEH(I) AND FREEC(J)),
NHE(S,Z,1i))=L=TOTNEXCITMAX, -

*EQ (109) MINIMUM NUMBER OF EXCFIANGERS
TOTNEXCH MIN(S).. SUM((Z1.J)$(ALLOW (S,Z,1,J)=1 AND FREEH(I) AND FREEC(J)),
NHE(S,Z ))=G=TOTNEXCHMIN;

sontext'
*lEquation for Retrofit
1

TEQ (Retrofit 1)
AREA_REST1(S.Z, )$(ALLOW( ,Z,1,0)=1 AND FREEH(I) AND FREEC(J)

% PAR(Z1J)=L=AEX(2j,J)*DPAR__E(Z, J+PAR_N(S,Z, );

*EQ(Retrofit 2)
AREA_REST2(S,Z,1,J)$(ALLOW(S,Z,I, JH AND FREEH(l) AND FREEC(J)

*EQ(Retrofit 3)
AREA REST3(S,Z,1J)$(ALLOW( ,Z,1,J)=1 AND FREEH(I) AND FREEC(J)

% PARN( z, )=L=AJAEW_MAX(Z, ) *(NHE(S,Z, )- NHEO(S,Z, ));

*EQ(Retrofit 4)
AREA REST4(S,Z, )$(ALLOW( ,Z, )=1 AND FREEH(l) AND FREEC(J)
AND BIF(Z, )=0).

(NHE(S,Z, )) =L= TOTNEXCHMAX ;



* .

*EQ(Retrofit 5)
AREA_REST5(S,Z,LJ)$(ALLOW(S,Z,1,J)=1 AND FREEH(I) AND FREEC(J)
AND BIF(Z, )=0 AND NHEO(S,Z, )= 0)..

PAR N(S,Z, ) L-A_NEW_MAX(Z, )*(NHE(S.Z, ));

*EQ(Retrofit 6).
*Eq retrofit 6 is same as Eq retrofit 5

*EQ(Retrofit 7)

AREA_REST7(S,Z,JJ)$(ALLOW(S,Z,1,J)=I AND FREEH(I) AND FREEC(J)
AND BIF(Z.1J) 0 AND NHEO(S,Z, )= 0).

(NHE(S,Z, )) =L=TOTNEXCHMAX ;

*EQ(Retrofit 8)
AREA_REST1 B( K.z, )$(ORD(K)LEKMAX(Z, ) AND ALLOW(5,Z,10)=I
AND FREEH(I) AND FREEC(J) AND BIF( . )=l
PAR_B(K,Z,1,0)=L=SI)M (KK (ORD(KK) LENHEO(S,Z, )),AEX_B(KK,Z, )
*DELTA(KK,K))+DPARF.B(K Z, J+PAR_NR(K.ZJJ);
*EQ(Retrofit 9)
AREA_REST2JB( K,Z, ) (ORD(K)LE KMAX(Z.1.J) AND ALLOW(S,Z,].)=!
AND FREEH(I)AND FREEC(J)AND B1F(Z]J)=1).
DPAR_E B(K,Z,1,J)=L=SUM (KK$(ORD(KK) LENHEO(S,Z, )),(AEX_D_B(KK,Z,1,J)
-AEX B(KK,Z, ))*DELTA(KK,K));

*EQ(Retrofit 10)
AREA_REST3_B(S,K,Z,],J)$(ORD(K) LE KMAX(Z, ) AND ALLOW ($,Z,LJ)=I
AND FREEH(I)AND FREEC(J) AND BIF(Z, )=1)..
PAR N B(K,Z, )=L=A_NEW_MAX(Z,
*(1 M(KK$(ORD(KK) LENHEO(S,Z, )),DELTA(KK K)));

*EQ(Retrofit 11)

AREA_REST4_B( K.Z, )$(ORD(K)LEKMAX(Z, ) AND ALLOW(S,Z, )=1
AND FREEH(I) AND FREEC(J) AND BIF(Z,],J)=1)..

SUM(KK$(ORD(KK) LENHEO(S,Z,1J)) DELTA(KK K))=L=];

*EQ(Retrofit 12)
AREA RE.ST5B(S,K,Z,[,J)$(ORD(K) LE NHEO(S,Z,1,J) AND ALLOW (S.Z,1.J)=I
AND FREEH(i) AND FREEC(J)AND B1F(Z, )=1)..
M(KK$(ORD(KK) LE KMAX(Z,1J))DELTA(K KK))=L=1;

*EQ(Retrofit 13)
AREAJLEST6JB(S,Z, ) (ALLOW(S,Z,1,J)=i AND FREEH(I)
AND FREEC(J)AND BIF(Z LJ)=1)..

SUM ((K,KK)$(ORD(K) LE KMAX(Z,1,J) AND ORD(KK) LE NHEO(S,Z,1,J))DELTA(KK K))
—E=NHEO(S,Z, );

*EQ(Retrofit 14)
LIM_HEX(SM)..

SUM((Z1J)S(HOT(S,I,M)=1 AND ALLOW _H( ,Z,IM J)=1),(NHE(S,z, ))-NHEO0(S,Z, ))
=L= MAX_NEW _HEX ,

SOFFTEXT
*

**************4»***»*******Equatj0 for Retroflt Relocation**********************

*EQ(Retrofit 16)
RELOCATE](S.z, )$(OPT=2 AND ALLOW (S,Z,1,J)=LAND FREEH® AND FREEC(J)

% PAR(Z,]J)=L=AEX(Z, )+DPAR E(Z,1,J)+PAR_N(S,Z, );

*EQ(Retrofit 17)
RELOCATE 2(S,Z,1,J)$(0PT=2 AND ALLOW(S,Z,1,J)=1 AND FREEH(I) AND FREEC(J)

AEX(Z.LJ)=E= SUM(ES(ORD(E) LE KET),(AEX_R(E)*Phi(Z ].J.E)));



*EQ(Retrofit 18)
RELOCATE_3( ,ZJJ)$(0PT=2 AND ALLOW (5,Z,1,J)=1 AND FREEH(I) AND FREEC(J)
AND BIF(Z,1,0)=0)..
DPAR_E(Z]J)=L=  M(E$(ORD(E) LE KET),(AEX_UJ (E)-AEX_R(E))
*Phi(Z, ,E));

*EQ(Retrofit 19)
RELOCATE_4(S,Z, )$(OPT=2 AND ALLOW (S,Z,],J)=I AND FREEH(I) AND FREEC(J)

PAR N( 2, )=L=AJAEWIVIAX(Z,1J) *(NHE(S,Z, )+NHE_S(5,Z,,9)$(NHEO(S,Z,1,0)=1)-(NHEO(S.Z, )*
SUM(E$((5r D(E) 1e KET),Phi(Z, E))));

*EQ(Retrofit 20)
RELOCATE 5] (,z, ) (OPT=2 AND ALLOW(S.Z, )=1 AND FREEH(I) AND FREEC(J)
AND BIF(Z, )=0).. NHE(S,Z,1,0) =L= TOTNEXCFIMAX ;

RELOCATE 5 2(5,Z,1,J)$(OPT=2 AND FREEH(I) AND FREEC(J)
AND BIF(zjJ)=0),. SUM((E)$(ORD(E) LE KET),Phi(Z, ,E))=L= 1;

¢ ExtraEq. Limits number of phi matches
RELOCATE 5_3(Z")$(0PT=2).. M ((ij), Phi(Z,1J.E)) =L=1;

 TONTEXT
**EQ(Retrofit 21)
RELOCATE 6(K,E,$,Z,],J)$(OPT=2 AND ORD(K) LE KMAX(Z,1,J) AND ALLOW (S,Z,],9)=1
AND FREEH(I) AND FREEC(J) AND BIF(Z, )-!).
PAR B R(k.E,Z1J)=L=AEX B(K,E,Z,|J)+DPAR E B(K.E.Z,|J)+PAR N B(K,E Z,I1J);

*EQ(Retrofit 22)
RELOCATE_7(K.E, ,Z,1J)$(OPT=2 AND ORD(K) LE KMAX(Z, ) AND ALLOW(S,Z,1,J)=I
AND FREEH(I) AND FREEC(J) AND BIF (ZJJ)-1).

AEX_B(K,EZ, )=E=SUM(EE$(ORD(EE)LEKET),(AEX_B_R(EE)*DELTA(Z, ,EEEK)));

*EQ(Retrofit 23)
RELOCATE_8(K.E, ,Z,1,J)$(OPT=2 AND ORD(E) LE KMAX(Z,1.J) AND ALLOW ($,Z, )=1
AND FREEH(I) AND FREEC(J) AND BIF(Z, )=|)
DPARJE B(K.E,Z,13)=L= SUM(EES(ORD(EE) LE KET),(AEXJUJ3_R(EE)-AEX_B_R(EE))
*DELTA(Z,]J.EE EK));

*EQ(Retrofit 24)
RELOCATE_9(K,EyS,Z,1,J)$(OPT=2 AND ORD(K) LE KMAX(Z, ) AND ALLOW(S,Z,1,J)=I
AND FREEH(I) AND FREEC(J) AND B1F(Z, )=1).
PAR N B(k,E,Z)y)=L=A_NEW,MAX(Z,1J) *(I-SUM(EES(ORD(EE) LE K.ET)
*k TELTA(Z, ,EE.EK)));

*EQ(Retrofit 25)
RELOCATE 10(K,E, Z,1,3)$(0PT=2 AND ORD(K) LE KMAX(Z, ) AND ALLOW (S,Z,1,0)=I
AND FREEHfl) ANDFREEC(J)AND BIF(Z, ) ).

SUM(EE$(ORD(EE) LE KET),DELTA(Z, ,EEEK))=L=1;

t Add Eq for PA

PA 1( IM)S(HOT(S,,M)=I AND NOT HU(I) AND

FREEH(I) AND NIH(1)=0 AND PA(I))
FP(1)*CPH(S,1,M)*(TU(S,M)-TL(S,M))=E=SUM((Z N 3)$(D(S,Z,M N)=1
AND TL(SN) LT TU(S,M)AND COLD(SJN)=I

AND ALLOW H( z,IMJ)=1 AND ALLOW C( ,ZJN,1)=1).Q( ,Z M IN));

PA_2(SXM)$(HOT(S,IM)=I AND NOT HU(l)

AND FREEH(I) AND N1H(1)=1 AND PA(]))..

FP(I)*CPH(S,IM)*(TO( M>TL(S,M)) =E= SUM((Z ! ,) (D(S,Z,M N)=1

AND TL(S,N) LTTU(S,M)AND COLD(S,J,N)=I AND ALLOWJT(S,Z,I,M J)=I

AND ALLOW C(S,ZJN,1)=1),Q(S,Z,TM j.N))

+SDM ((Z,N)$(D(S,Z,M N)=] AND HOT(S,,N)=I AND ORD(N) GT ORD(M)),QH(S,Z,I.N.M))
-SUM((Z,N)$(D(S,Z,M N)=1 AND HOT(S,IN)=I AND ORD(N) LT ORD(M)),QH(S,Z,] M N)),



*EQ 11_b Case of BIF(1,J)=0 (ij) not belonging to set B.
PA_3(s7z,J¥,M)$(HOT(S;IM)=1 and ALLOW _H(S,Z,I,M J)=I and BIF(Z,1,J)=0
AND FREEFI(I) AND FREEC(J)AND PA())j.

QNEW _M(S.Z, ,M)-FPY( .z, M)*CPH(S,I,M)*(TU(S,M)-TL(S,M))$(NOT HU(I))=L=0;

*EQII_b Case of BIF(1,J)=0 (ij) notbelonging to set B
FhrEEK L FEXXXEEEX minimum value of QNEW _M=0.0111111HII

PA 4(5,Z, ,M)$(HOT(S.J,M)=] AND Al low HIS./.IAIj) TAND Iill (Z.1.J) 0 AND
FREEH(I) AND FRJEEC(J) AND PA(I))..
QNEW _M(SZ, M)-Y_M(S.Z, ,M)*QLFIMIN=G=0;

*EQ 1l bCaseofBIF(],J)=1 (ij) belonging to set B
PA_3_B(S;Z,],I,M)$(HOT(S,,M)=1 AND ALLOW _H(S,Z,I,M,J)=1 AND BIF(Z, )=1
AND FRE H(I)AND FREEC(J)AND PA(I))7
QNEW_M(S,Z,,LM)-FPY _B(S,Z,1,J,M)*CPH(S,I,M)*(TU(S.M)-TL(S,M))$(NOT HU(I))=L=0;

*EQ Il bCaseofBI1F(1J)=1 (ij) belonging to set B

PA_4_B( ,z, ,M)$(HOT(S,,M)=1 AND ALLOW _H(S,Z,IM,J)=1 AND BIF(Z,1,J)=1
AND FREEH(I) AND FREEC(J) AND PA(1))..

QNEW_M(S,Z,I,J,M)-Y_M _B(S,Z.],J,M)*QLHMIN =G= 0:

PA 5(s7z, ,M)$(HOT(S,,M)=I AND ALLOW H(S.Z,I,M J)=I AND BIF(Z,1,3)=0
AND IRi | I1(1) AND FREEC(J) AND PA(l))..
FPY(SZ1,IM)-E= SUMTRJFPRIFA'YWAZ, M)):;

PA_6(s7z, ,M)$(HOT(S,IM)=I AND ALLOW H( ,Z,1M.J)=1AND BIF(Z,1J)=]
AND FREEH(I) AND FREEC(J) AND PA(1)).
FPY B(S,Z,1JM)=E= SUM(R,(FPR(IR)*YW (S,.Z,1JM));

PAQ7(S7z ,1,J,M)S(HOT(SJ,M)=LAND ALLOW _H( .Z,IMJ)=1 AND BIF(Z,1J)=1
AND FREEH(I) AND FREEC( )AND PA(1))..
WV (S.ZIJM)-Y M( 2. M)=L

PAQ8(s7z, M R)$(HOT(S,,M)= AND ALLOW H(S.Z,IMJ)=l AND BIF(Z.1J)=1
AND FREEH(I) AND FREEC(J) AND PA(I))..
YW(SZ, M)-L= (IR);

PAQY(S7z 1,J M R)$(HOT(S,IM)=1 and ALLOW_H( ,Z.LMJ)=1 AND BIF(Z,1J)=1
AND FREEH(I) AND FREEC(J)AND PA(I))..
YW(S,Z1JM)-G=Y _M(SZ;1IM)+W(R)-1;

PAJO(sTZj,J M, N)
AND COLD(S,jN)-
AND BIF(Z,I,J) A

(D(S,Z,M N)=I AND TL(S,N) LT TU(S,M) AND HOT(S I.M)=1
SUM(L$(D(S,Z L N)=1
(S

$(D
| AND ALLOW H(S,Z,I,M,J)=1 AND ALLOW _C(S$,Z,J.N,I)=I
ND FREEH(I) AND FREEC(i) AND PA(I))

=1 AND ORJD(L) LE ORD(M) AND HOT(S,I,L)=I

AND ALLOW _H(S,Z,I,L J)=1),
QNEW_ M(SZ],J,L)) QNEW2_ M(S.Z,1J M) =L=

SUM (0$(D(S,Z M )1 AND ORDD)LE ORD(N) AND COLD(S,3.0) AND ALLOW_C(.ZJ0.1),
QNEW N( 11,0)) - QNEW2_N(S.Z.1JN)+ 4*XM (S,Z,I.M JN).

PAJ1( Z,1L M N)S(D(SZi,M N)=l AND TL(SN)
AND COLD(S,jN)=1 AND ALLOW ,H( ,Z,IM J)
AND BIF(Z,1.JH AND FREEH(I) AND FREEC(]

LT TU(S,M) AND HOT(S,LM)=I
=1 AND ALLOW _C(S,Z,LN.I)=I
) AND PA(L))..

1M IN))=L=SUM (R,(XW (S.Z I M I N R)*
LE ORD(
D)=1),(CPH(SLL)*(TU(S.L)-TL(S.L))));

XM (S,Z,IM 3N)-(TE(SA,I,M J,N)*OMEGA(S Z,
FPR(I,R)*SUM(L$(D(S,Z,L,N)=1 AND ORD(L)
AND HOT(S,LL)=I AND ALLOW H(S,Z,I.L.J

§

PA_12(S,Z,13M, ) (D(S_ZM N)=1 AND TL(S,N)LT TU(S,M)AND IKU (S.I.M) 1
AND COLD(S,J, )IAND ALLOW _U(S.Z,IM J)=I AND ALLOW ,C( ,Z,J.N I)=1
AND BIF(Z, )-1AND FREEH(I) AND FREEC(J) AND PA(1)).



XM (S.Z,IM,INMTE(S,Z,LM
FPR(J R)*SUM (L$(D(S z LN
AND HOT(S,LL)=I AND A

JN)*OMEGA(S,Z,IM,JN))=G=SUM (R,(XW(S,Z,1,M I N R)*
)=1 AND ORD(L) LE ORD(M)
LLOW _H( ,Z,1,L,3)=1),(CPH(S,L,L)*(TU(S,L)-TL(S,.L)))):

PA_13(5,Z,1,J,M N)$(D(S,ZM N)=1 AND TL(S,N) LT TU(S,M) AND HOT(S,I.M)=
AND COLD(S, J, )=| AND ALLOW H(S,Z,1.M.J)* 1AND ALLOW _C(S,Z.JN])=
AND BIF(Z,13)=1 AND FREEH(I) AND FREEC(i) AND PA(]))..

M(S,Z M JN)-(1-TE(S,Z,1,M I N))*OMEGA(S,Z,I.M I N))=L=B1(S,Z I M I N)*
SUM(L$(D(S,Z,L,N)=1AND ORD(L) LE ORD(N)
AND COLD(S,JL)=I AND ALLOW C( ,Z,J.L,1)=1),DHC(S,3.L)):

PANL4(S,Z,LIM.N)$(D(S,ZM N)=1 AND TL(SN) LT TU(S,M) AND HOT(S,IM)=]
AND COLD(S,J,N)-LAND ALLOW H(S.Z,IM J)=1 AND ALLOW C(S.Z J,NJ)=1
AND BIF(Z,iJ)=l and FREEH(I)and FREEC(J)and PA(I).

M(S,Z,IM JN)=G=B1(S,Z,I,M ,IN)*SUM (L$(D(S,Z,LN)=1 and ORD(L) 1e ORD(N)
AND COLD(SJ.L)=I AND ALLOW C( ,ZJ,LJ)=1).DHC(SJ,L));

PA_15(5,Z,1,JM N R)$(D(S,ZM N)=T AND TL(S.N) LT TU(S,M) AND HOT(S,IM)=
AND COLD(S,i,N)=I AND ALLOW H(S,Z,I,M,J)=1 AND ALLOW _C( Z,JN 1)=1
AND BIF(Z ],3)=1 AND FREEH(I) AND FREEC(J)AND PA(1))..

XW(S.Z, 1M IN.R)-(T(S,Z,IM IN)*W (I R)) =L=0 ;

PA_16(S5,Z,1,J,M N,R)$(D(S,ZM N)=1 AND TL(SN) LT TU(S.M) AND HOT(S 1M)=1
AND COLD(SIN)=I AND ALLOW H(S,Z,IM J)-1 AND ALLOW C( ,Z,JN,I)=1
AND BIF(zj,J)=| AND FREEH(I) AND FREEC(i) AND PA(I))..

(B1(S,Z,I,M ,JN)- XW (S,Z,LM J.NR))-(i-W (I,R)*T(S,Z,,M I N) =L=0:

PA 17(5,Z,LIJMN.R)$(D(S,ZM N)=1 AND TL(SN)LTTU(S,M)AND HOT(S,LM)=]
AND COLD(S J.N)-TAND ALLOW _H(S.Z,1,M,J)=1 AND ALLOW C( .Z,J N I)=I
AND BII'(Z.1J) 1 AND FREEH(I) AND FREEC(J) AND PA(1))..

(B1(S.Z,IM IN)- XW(S.Z,IM.JNR)) =6=0 ;

PAQ18(S22j,d, M N)$(D(S,ZM N)=l and TL(S.N) LT TU(S,M) AND HOT(S,IM)=I
AND COLD(S,J.N)=1 AND
ALLOW H( ,ZIMJ)=1 AND ALLOW _C( ,ZJN,)=IAND BIF(Z, )=1 AND FREEH(I)
AND FRIEEC(J)and PA(I))..
SUM(L$(D(S,Z,LN)=1AND ORD(L) LE ORD(M) AND HOT(S,J,L)=]
AND ALLOW H(S,Z,LLJ)-I),

QNEW_M(S,ZLJ-L)) - QNEW2_M(S,Z,1,J M) =G=

SUM (0S(D (s ZM,0)=1 AND ORD(0)LE ORD(N)AND COLD(S,J,0) AND ALLOW J3(S,Z,J,0,1)),
QNEW ( ,,J,O)) QNEW2_N(S.Z,1N)

XM (SZIMIN);

PA_19( ,Z1JM)S(HOT(S,IM)=l AND ALLOW H( ,Z,MJ)=1 AND BIF(Z,1J)zI
AND FREEH(I) AND FREEC(J) AND PA()))..
QNEW2 M(S.Z1JM)-L- FPK' 11 0(S.ZUM)*CI>I{( IM)*§[ ( M)-TL(SM));

PAQ20(S,Z,1,IM)S(HOT(S]M)=1 and attow H(SZIMJ)=1 and BIF(Z,1,J)]
AND IRH 11(1) AND FREEC(J) AND PA(]))..

FPK H_0(S.Z, ,M)=E= SUM(R,(FPR(LR)*KW _0(S,Z,1J.M R));
PAQ21(S,Z,1,J,M R)S(HOT(S],M)=1 AND ALLOW JJ( ,Z,] M J)=1 AND BIF(Z,,J)=1
AND FREEH(I)AND FREEC(J) AND PA(I))..

KW_0(S.Z,ILJ M,R)- NHE_MO_B(S,Z,],J,M) =L=0;
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PAJ22(S.Z,1,IM R)S(HOT(S,,M)=I AND ALLOW H(S,Z,1,M3)=] AND BIF(Z,1,J)z]
AND FREEH(I) AND FREEC(J) AND PA(]))..

KW _0(S,ZLIMR)=L= (LR);

PAA23( ,Z,1J M R)S(I1OT(S,I,M)=1 AND ALLOW _H(S.Z ]M,J)=I AND BIF(Z,1,J)=1
AND FREEH(I) AND FREEC(J) AND PA(1)).

KW 0(S,Z, MR)=G=NHE M0 B(S,Z, M)+ (LR)-L;
PA_24(S.ZJIM)I(MOT(S

i
AND FREEH(I)AND FFEE
QNEW2 M( 2, M)=

M)=1AND ALLOW H( ,Z,IM,J)=1AND BIF(Z,1 J)=1
C(J) AND PA())..
L= FPK_H _I(S,Z,1,JM)*CPH(S,1,M)*(TU(S,M)-TL(SM));

PAQ25( ~;,13,M)S(HOT(S,I,M)=t AND ALLOW H(S,Z,1M J)=I AND BIF(Z, )-1
AND FREEH(I) AND FREEC(J) AND PA(I)..

FPKHL(,z, ,M)=E= SUM(R,(FPR(LR)*KW _1( z, MR)):

PAM26(S,Z,1.JM R)$(HOT(S,],M)=I AND ALLOW H(S.Z,IM J)=1 AND BIF(Z,1,J)=1
AND FREEH(I) AND FREEC(J) AND PA(L)).

KW 1(z, MR)-NHEMZLB(S,Z1JM)=L=0;

PAQ27( ZJM R)S(HOT(S,I,M)=I AND ALLOW H(S,Z,I,M3)=1 AND BIF(Z,1,J)=1
AND FREEH(I) AND FREEC(J) AND PA(l))..

KW 1( ZIJMR)=L= (IR);

PAJ28(S,Z,1J.M R)$(HOT(S,I,M)=1 AND ALLOW H( ,Z,IM.J)=1AND BIF(Z,1J)=1
AND FREEH(I) AND FREEC(J) AND PA())..

KWJ( Z]JMR)=6=NHE M1B(SZIJM)+ (IR)-1L

PAQ29( Tz!LJM)$(HOT(S,IM-I) AND HOT(S,,M)=1 AND ALLOW _H(S Z1 M J)=1
AND ALLOW H(S,Z,J,M-1.J) AND SPH(I)=] AND FREEH(I) AND FREEC(J) AND PA(l))..
QNEW _M(S,Z,],J,M)I(CPH(S,1,M)*(TU(S,M)-TL(S,M)))=L=

QNLW_M(S.Z, M-)I(CPH (S, M-i)*(T L)J( S M-I)-TL(8,M-1)))
+(FP(O-FPA(S,Z,1J.M));

PAQ30( ,Z,1.J,M)$(HOT(S,LM-I) AND HOT(S,I,M
AND ALLOW H(S,Z,IM-1,J) AND SPH(I)=1 AN

)=l AND ALLOW 11(S,Z,1,M J)=1
D FREEH(I) AND FREEC(J) AND PA(l))..

FPA(S,Z,].J,M) =E= SUM(R,(FPR(I,R)*WA(S,Z,1.J M R)));

PAN](,ZIMR)S(HOT(S,I M) AND 110T(S,I,M)-1 AND ALLOW _H( ,Z,IM J)=1
AND ALLOW H( ,Z,IM-],J) AND SPH(I)=1 AND FREEH(I) AND FRELC(J) AND PA(])..
WA(S.Z,1J,M R)-ALFA_M(S,Z,1.JM)=L=0;

PAM32(S,Z,1.J,M R)S(HOT(S,

IM-I) AND HOT(S,I,M)=I AND ALLOW M(S,Z,IM J)=I
AND ALLOW H(S,ZIM-1J)A

ND SPH(I)=I AND FREEH(I) AND FREEC(J) AND PA(1)).
WA(S.Z, MR)=L= (LR):

PAJ?3(S.Z,]J M R)S(HOT(SJM-1)AND HOT(S,I,M)=I AND ALLOW _H( ,Z,1MJ)=1
AND ALLOW H( ,Z,LM-1J) AND SPH(I)=1 AND FREEM(I) AND FRL;LC(J) AND PA(I))..



WA(S.ZIIMR) =G= ALFA M(SZ LI MPW(R)-;

PAQ34(STz X, M)S(HOT(S,IM-1) and HOT(S,IM)=1 and ALLOW _H(S,Z,I,M J)=1
AND ALLOW H( ,Z.IM-LJ)AND SPH(I)=1 AND FREEH(I) AND FREEC(J) AND PA(]))..
QNEW _M( Z,LIM)I(CPH(SIM)*(TU(S,M)-TL(S.M)))
+(FP(I)SFPA(S.Z,1.IM))
=G= QN W M( .z, M-L)(CPH(S,I,M-1)*(TU(S,M-1)-TL(S,M-1)));

PA_35( .Z]JM)$(HOT(S,IM-1) AND HOT(S,1,M)=] AND ALLOW H(S,Z,I M J)=I
AND ALLOW H(S.Z,1M-1,J) AND BIF(Z,1J)=0 AND SPH(I)=1 AND FREEH(I)
AND FREEC(i) AND PA())..

-QNEW_M(S,Z, ,M-DICPH(S,]M-])*(TU(SM-1)-TL(S,M-1)))
+ QNEW™ M (S,Z,1J,M)I(CPH(S,LM)*(TU(S,M)-TL(S M)))
+(FP(I)+FPK_HJ(S,Z,1,JM-)*FPK _H I(S,Z,UM)-FPK_H 0(S,Z,1.J,M-1))=6=0

PA_36(sTz 1, M)S(HOT(S,IM-1) AND FIOT(S,|M)=] AND ALLOW _H(S,Z,IMJ)=1
AND ALLOW H(S,Z,LM-]J) AND BIF(Z,1,J)=0 AND SPH(I)=1 AND FREEH(I)
AND FREEC(J)AND PAID).

SQNEW _M (2, M)I(CPH(S,I,M)*(TU( L(S.M))

+ QNEWAM (S,Z,1jM-I)/(CPH(S,I,M-I)* M ])TL(SM 1))
+(FP(1)+FPkLh_0( ,Z1J,M-])+FPK_H 0 M)-EPK H_](S.z, M))=6=0;

SM)-T
(TU(S,
(8,19

PA_37(sX M)$(HOT(S,LM-I)AND HOT(S,I,M)=l AND ALLOWJ4(SEI,M J)=1
AND ALLOW _H( ,Z,I,M-U) AND BIF(Z, )=1 AND SPH(I)=1 AND FREEH(I)
PA

U

ANDFREEC(J) ND (D)

QNEW_ M( ,Z,1JM-1)/(CPH (Sl,M-l) (TU(S,M-1)-TL(S.M-1)))=L
M)CPH(S LI TXISM ) TL (M)

QNEwIm(SZJJM)/ )
+(FP(L)+FPK>13(S.Z,UM-1)+FPK_HJI(,Z,LIM)-FPK_H_0(S,Z,1.0 M-])):

PA 38(sTz, M)$(HOT(S.LM-I) AND HOT(S.LM)=I AND ALLOWJ I( !1]M )=1
AND ALLOW!1(SZ,I M-1,J) AND BIF(Z, )=1 AND SPH(I)=I AND FREEH )
AND FREEC(J) AND A())

QNEW?2 M(S,Z,1JM-1)I(CP ( S,LM-1)* (TU(SM 1)-TL(SM-1) =L=

QNEW _M(S,Z,1.3,M)/(CPH(S,1,M)*(TU(S,M)-TL(S,M)))

F((2*FP()+EPK_H 1( 2,10 M)-FPK_H_0(S,Z,13,M-1)-FPY(S,Z,1J M -1));

PA_39(Si,l,J,M)S(HOT(S,I,M-I) AND HOT(S,I,M)=! AND ALLOW H(S,Z,I,M J)=1
AND ALLOW _H(S,Z,IM-1 J) AND BIF(Z,1J)=1 AND SPH(I)=1 AND FREEH(I)
AND FREEC(J) AND PA(I))
(QNEW M(S,Z, M)-QNEW2 M(S.Z, ,M))/(CPH(SlM) (TU(S,M)-TL(S.M))) =L=
QNEwW jM(S,Z,1,3, M -1)/(CPH(STIM-1)* (TU(S,M-1)-TL(S,M-1)))

H((2*FP(1))+FPK _H _0(SIZ,1,J M-1)-FPK_H _I(S,Z,1,JM)-FPY(S,Z,1 I, M-1));

AND ALLOW H(S,Z]MJ)=
AND ALLOWJI(S,2'[,M-1,J) AND ALLOW _H(S,.Z,I,M+1,J) AND BIF(Z,1,3)=0 AND SPH (IH)
AND FREEH(I) AND FREEC(J)AND PA(I))T
QNEW _M( Z)JM)=G=(FPY(S,Z, M)-FPK_H 0(S,Z, ,M)-FPK_H_1(SZ;LI,M))
*(CPH(S,1M)*(TU(S,M)-TL(S,M));

PA_41( z, M)$(HOT(S,,M-I) AND HOT(S,IM)=1 AND HOT(S,]M+1)
AND ALLOW H(S.Z,1M,J)=1
AND ALLOWIH(S,Z,I,M-[J) AND ALLOW H(S,Z,1M+1,J) AND BIF(Z,1,J)=1 AND SPH(])=0
AND FREEH(I) AND FREEC(J) AND PA(])).~
QNEW M(S,Z, ,M)=G=(FPY B(S,Z,1j,M)-FPK_H_0_B(S,Z,1.I,M)
FPK_H1 B(,Z]JJM))*(CPH(S,I,M)*(TU(S.M)% L(STm )));

PA_42(sTz,1.JM,N)S(TL(SN) (M) AND TD(S,N) GE TL(S,M)
AND HOT(S,I,M)-I AND COLD(S,J,N)=1 AND ALLOW H( ,Z,1,M,J)z]
AND ALLOW C(S,Z,JN,)=1 AND BIF(Z,1,J)=0

AND SPH(I)=( AND SPC()J) 0 AND FREEH(I) AND FREEC(J) AND PA(]))..



TL(S,M) L(S,N) - QNEW N(S,Z,UN)I(FC(S,J)*CPC(S,J.N))
+ (FPQ( .Z,LLM)ICPH(S.I.M))
+ (2-NHE_MO(S,Z J3.M)-NHE_NO(S,Z L JN))*TU(S.N)=6=0;

PA _43(S,Z,1,JM N)$(TL(S,N) LETU(S,M) AND TU(S,N) GE TL(S,M)

AND HOT( ,I,M)-1 AND COLD(S,J,N)=1 AND ALLOW_H(S,Z,1,M J)=]
AND ALLOW C(S,Z,JN,1)=1 AND BIF(Z,1,))=1

AND SPH(IHAND SPC(J)=0 AND FREEH(I) AND FREEC(J) AND PA(1)).
TL(S,M)-TL(SN) QNEW N(S,Z,1LIN)I(FC(S,J)*CPC(S,IN))

+ (FPQ(S.Z, ,M)ICPH(S]M))

+ (2-NHE_MOJB(S,Z,1.J,M)-NHE_NO_B(S.Z, ,N))*TU(S,N)=G=0;

C
E

PA 44( Z, M N)$(TL(S,N) LE TU(S,M)AND TU(S.N) GE TL(S.M)

AND HOT(S,I,M)* 1AND COLD(SJ,N)=1 AND ALLOW H(S,Z,IM J)=1
AND ALLOW C(S.Z,JN.1)=1 AND BIF(Z,1J)=I

AND SPH(I)=( AND SPC(J)=0 AND FREEH(I) AND FREEC(J) AND PA(I))..

FPQ(S.Z,1,J,M)=E= SUM(RWQ(S,Z].JM R)IFPR(IR)) ;

PA 45( .z, MNR)$(TL(S,N)LE TU(S,M)AND TU(SN) GE TL(S,M)
AND HOT(S,IM)=I AND COLD(S,J,N)=I AND ALLOW _H(S.Z,LM,J)=1
AND ALLOW C(S,Z,J.N,1)=1 AND BIF(Z! ] )=]

[

AND SPH(1)=0AND SPC(J)=0 AND FREEH(1) AND FREEC(J) AND PA(1)).
WQ(S,Z,1JMR)-(T(S.Z,IMIN)*W(IR)) =L= 0 ;

PA 46( z, ,MNR)S(TL(S,N) LE TU(S,M)AND TU(S,N) GE TL(S,M)
AND HOT(S,IM)=1 AND COLD(S,J,N)=I AND ALLOW H(S.Z]M,J)=1
AND ALLOW ¢( ZJN,I)=LAND BIF(Z IJ)=

AND SPH(I)=OAND SPC(J)=0 AND FREEH(I) AND FREEC(J) AND PA(1)..

(QNEW _M( ,Z1IM)- WQ(S,Z,1,J.M R))-(L-W (LR)*T(S,ZLMJIN) =L= 0 ;

PA 47( Z,1LI,M N.R)$(TL(S,N) LE TU(S.M) AND TU(S.N) GE TL(S.M)
AND HOT(S]M)=I AND COLD(S,J,N):I AND ALLOW_H(S,Z,1,M J)=]
AND ALLOW _C(S,Z J,N.I)-l AND BIF(Z,LJ)=1

AND SPH(1)=0'AND SPC(J)=0 AND FREEH(I) AND FREEC(J) AND PA(I))..

QNEW _M( Z,1,JA4)-WQ(S,Z,1J M R)=G= 0;

PA 48(S,Z,1,J M N)S(TL(S,N) LE TU(S,M) AND TU(S,N)GETL(S, )

AND HOT(S,I,M)=I AND COLD(S,J,N)=I AND ALLOW H( ,Z]MJ)=L

AND ALLOW _C(S,Z,J,N,1)=1AND BIF(Z,1,J)=0

AND SPH(I) 0AND SPC(J)=0 AND FREEH(I) AND FREEC(J) AND PA(l))..

TU(S,M)-TU(SN

-(FPQ(S,Z,1,i,M)ICPH(S,IM))+QNEW _N(S,Z,1I,N)/(FC(S,J)*CPC(S,JN))

F(2-NHE_M 1 ZLJM)-NHE_N](S,Z,1 JN))*TU (S,N)=6=0;

PA_49(S,Z,1,JM N)S(TL(S,N) LE TU(S,M) AND TU(S,N) GE TL(S,M)

AND HOT( ,1,M)-1 AND COLD(SJ,N)=I AND ALLOW _H(S,Z,LM J)=1

AND ALLOW C(S,Z,J.N,I)=1AND BIF(Z,1,J)=1

AND SPH(1)=0AND SPC(J)=0 and FREEH(I) AND FREEC(J) AND PA(]))..

TU(S,M)-TU(SN)

-(FPQ(S,Z ]I M)IC
N

H(S,I.M))+ QNEW _N(S,Z,].I.N)I(F (SJ)*CPC(S,J,N))
+(2-NHE

PH(S, :
HE MI B(S,Z1JM>-NHE_N1 B( ~;LIN)*TII( N)=6G
PA 50(sTz,l,J,M N)$(DTVIO(U)=l and D(S,ZMN)=L and TL(S,N) LT TU(S,M)

AND TU(S.N) GT TL(S,M) AND HOT(S,],M)=I AND HOT(S,I.M+I) AND COLD(S,J N)=I
AND COLD( ,JN+))

AND ALLOW H(S,Z,M,J)=1 AND ALLOW _H(S,Z.]M+1,J) AND ALLOW _C(S.ZJ,N.I)=]
AND ALLOwWIC(S,ZJ,N+L1) AND BIF(Z,1,J)=0 AND(SPH(I)=1 ORSPC (J)=I)

AND FREEH(I) AND FREEC(J) AND PA( ).

QNEW M ( ,Z,1,IM)(MIN(TU(S,M),TU( N))-TL(S,M))=G=

QNEW M( JM+1)/(TUSM+1 TL(SM+1)

F

5,21 s
*CPH(s7i,M)ICPH SLM+1% (E M PK H FPK_C 0(S,Z,1JN))
.*CPH{SJ,M+1 U(S M+D)-TL(S M*D)I(FU(S M+1}TL83M+ )



*EQ (87_h)

PA 51(,Z,1J M N)$(DTVIO(I,3)=1 AND D(S.Z,M N)=1 AND TL(SN) LT TU
AND TU(s'n) GTTL(SM)and HOT(S,I,M)=1 AND HOT(S,I,M-1)’AND C
AND COLD(S,J,N-1) AND ALLOW H(S,Z,I,M,)=1 AND ALLOW _H(S,Z,I,M-,
AND ALLOW C(S,ZJN,)=1 AND ALLOW C(S,Z,J,N-L1) AND BIF(Z.1)=0
R
(

o —
—w

ND
1A
- zJ,
AND (SPH(1)=i OR SPC(J ): ) AND FRELH(I) AND FREEC(J) AND PA(I))..
QNEW _M(S,Z,1JM)I(TU(S,M)-TL(S,N))=L=QNEW _M(S,Z,1,J.M- 1)(TU( M-
*CPH(SJI,M)CPH(SIM )+((2*FP(])-FPK_H_L( Z,1,iM)-FPK_C ] ( ,Z,1J,
*CPH(S,I,M)*(TU(S,M)-TL(S,M))/(TU(S,M)-TL(S,M));

PA_52(sX13,M N)$(DTVIO(1,J)=] AND D(S,Z,M.N)=1 AND TL(S.N) LTTU(S,M)
AND TU( N) GT TL(S,M) AND HOT(S,],M)=I AND HOT(S.LM+l) AND COLD(S.JN)=]
AND COLD(S,JN+I)AND ALLOW _H(S,Z,I,M,J)=I AND ALLOW H(S,Z.l M+]J)
AND ALLOW _C(S,Z,J.N,1)=1AND ALLOW ,C( ,ZJN+11) AND BIF(Z,)=1
AND (SPH(I)=1 OR SPC(J)=1 )AND FREEH(L) AND FREEC(J) AND PA(1))..
QNEW M ( .z, M)I(MIN(TU(S,M),TO(S.N))-TL(S,M))=G=QNEW ,M(S,Z,]J.M+1)/

*CPH(S,M)ICPH(S,I,M+1)-(2*FP(1))-FPK_H_0(S,Z,].J M)-FPK_C_0(S,Z,1,JN))
SCPH (S, ML (T (M +1)-TLSM+I)ITLKSM+1)-TL(SM+T)7

PA 53(sX iJM N)$(DTVIO(IJ) Land D(SZMN)=1 and TL(SN)LTTU(S.M)
AND TU(SN) GT TL(S,M) AND HOT(SIM):I AND HOT(S ].M-I) AND COLD(S,J.N)=I
AND COLD(S,J.N-1) AND ALLOW _H(S,Z,I,M J)=L AND ALLOW" H(S,Z,I M-I J)
AND ALLOW _C(S,ZJ,N,)=I AND ALLOW _C(S,Z,JN-LI) AND BIF(Z,1J)=]
AND (SPH(1)=1 OR SPC(J)=1) AND FREEH(T )AND FREEC(J) AND PA(]))
(QNEW _M(,Z,1JM)-QNEW2_M( ,Z,1LIM)/ITU(SM)-TL(SN))=L=

QNEW M ($,Z,13M-DI(TU(S.M-D)-TL(S,M-1))*CPFi(S]M)ICPH(S,LM-)
+((2*FP(1))FPKINI(si,1, I M)-FPK_CJ(S,Z J.J,N))*CPM (S.LM)
*(TTI(S,M)-TL(STM))/(TU(S.M)-TL(SM)j;

*EQ(XXJ)

PA 54( ,Z,1.J,M)$(HOT(S,I,M)=I AND NOT SPH(I) AND

FREEH(I)A D PA(]))..
FP(1) =E= SUM(R.FPR(LR)* (I,R));

PAQ55( ,Z,1,J,M)$(HOT(S,],M)=I AND NOT SPH(I) AND
FREEH(I) AND PA(]))..

SUM(R,W (J,R)) =E= 1;

*EQ (XX _3)
PA_56( ,Z,1,J)$(NOT SPH(I) AND
FREEH(I) AND PA()))..

QPA(I) =E= SUM (M FP(I)*CPH(S,I,M)*(TU(S,M)-TL(S,M)));

*The sumation ofeach pump around duty is not exactly equal Total QPA but Itis
:nearly equal, so The eq 63and 66 are added

%(57: 4)

*SUM (I,QPA(I)SPA(1)) =E= TOTALQPA;
PAT=E= SUM(I,QPA(I)$(ORD(1)=2);
PA2 =E= SUM(1,QPA(I)$(ORD(1)=4));
PA3 =E= SUM(1,QPA(1)$(ORD(1)=6));

* Find the relation between side stripping steam and Pump around duty by using
* the model from regression.



PA_61( z, ,M)$(HOT(S,,M)=1 AND NOT SPH(I) AND FREEH(I)).
ssf(1) =E= (AJ(1)*PA])+(BI(1)*PA2)+(CI(1)*PA3)+D _13(J);

Costsidestrippingsteam =E= SUM(I,(CSS(1)*SST(I)));
TOTAL Q=G=TOTAL QPA MIN;

TOTALQ =L=TOTALQPAMAX;

TOTALMQPAMIN =E= TOTAL_QPA-(TOTAL_QPA*0.00I);
TOTAL_QPA_MAX =E= TOTAL_QPA+(TOTAL QPA*0.001),

SUM(I,QPA(I)SPA(I)) =E= TOTALQ;

PA_68(S,Z,1,1)$(NOT SPH(I) AND
FREEH(I) AND PA(1))..

Cp_Dt(l) =E= SUM (M ,CPH(S,1,M)*(TU(S,M)-TL(S,M)));
i CHECKING COST

HOtluTILITY_COST=E= SUM(IS(HU(I) AND FREEH(1)),CHU(1)*FHU(L)*DTHU(I));

Cold~UTILITY_COST =E= SUM(J$(CU(J) AND FREEC(J)).CCU()*FCU(I)*DTCU));

Area_C..
Area_Cost=E=

+SUM((S,.Z, )$(OPT=2 AND ALLOW(S,Z.1.J)=] AND FREEH(I) AND FREEC(J)

(CF*(NHE(S,Z, )-+NHE_ ( ,Z,1.J)$(NHEO(S,Z,1,J)=IMNHEO(S,Z 1J)*(SUM(E$(ORD(E) LE KET),
Phi(Z, ,E)))))+(CAE*DPAR E(Z, )J*CAN*PAR N(SZ, )):

FIXACOST =E= SUM((S,Z, )$(OPT=2 AND ALLOW(S.Z. )-~LAND FREEH(I) AND FREEC(J)

(CF*(NHE(5,23,)N
ORD(K)LE KMAX(Z,I
+SUM((SZ,I,J,K,E)$( = )
AND BIF(Z 1.3)-1 AND ORD(K)LE KMAX(Z 1,J))
*+SUM (K (ORD( )LE KMAX(Z,
(CAE*DPAR E B(K.EZ, )+CAN*PAR N B(K.E,Z, )))

HE_ (,Z]3)$(NHEO(S,Z,1,J)=1)-SUM ((EE,E K)$(OPT=2 AND ORD(E) LE KET AND
J).DELTA(Z,1J.EEEK))
OPT=2 AND ALLOW(S,Z, )=1 AND FREEH(I) AND FREEC(J)

MODEL MPERIOD /ALL/;

OPTION LIMROW =0;

OPTION LIMCOL =0;

OPTION SOLPRINT = OFF;
OPTION OPTCR=0 ;

OPTION OPTCA=0 ;

OPTION ITERLIM = 1000000000;
OPTION RESLIM = 1000000,
MPERIOD.OPTFILE = 1;

SOLVE MPERIOD USING MIP MINIMIZING TCOST ;

PARAMETER QMATCH(S.Z, );
QMATCH(S,Z, )=SUM ((M,N)$(D
0

(MN)$(D(S.Z.M ,N)=1 AND TL(S,N)LTTU( M) AND D(S.Z,M N)=1
AND COLD(S,J,N)AND ALLOW JI(S,Z,I.MJ)-l AND ALLOW ,C( ,Z,J.N.])=1),
5,2

(S
Q.L(S.Z]M.JIN)):
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PARAMETER FH_H(S,Z,1,J,M) Flowrate of hot stream per FIEX;
FHJIf(S,Z LI M)$[HOT(S,I,M)]=QNEW _M.L(S,Z,1,J,M)/[(TU(S,M)-TL(S,M))*CPH(S,I,M)];

PARAMETER FC_C(S,ZJ,I,M) Flowrate of hot stream per FIEX;
FCC(S,Z,J,IIM)$[COFD(S,J,M)]-QNFW _N.L(S,Z,FIM)/[(TU( ,M)-TL(S,M))*CPC(S,I,M)]

PARAMETER NHE2(S,Z,J.1);
NHE2(S,Z,3,1)= NHE.L(S.,Z,13);

SONTEXT

PARAMETER AREA COST:

AREA _COST = SUM ((SXI'j)$(ALIOW (S,Z, )-! AND FREEH(I) AND FREEC(J))
CF*(NHE.L(S,Z, )+NHF.S.L(SZ,1,3)$(NHFO(S,Z,13)=1)-NHEO(S,Z,1J)))
+SUM((S,Z,1,3)$(ALLOW (S,Z,1,3)=1 AND FREEH(I) AND FREEC(J)

ANDBIF(Z1,J)=0),CAE*DPAR _E.L(Z,1,J)+CAN*PAR N.L(SZ,].J))
+SUM((S,K,Z, )$(ORD(K) LE KMAX(ZJJ) AND ALLOW (S,Z,1,0)=]
AND FREEH(I) AND FREEC(J) AND BIF(Z, H )

(CAE*DPARME B.L(K,Z13)+CANtPAR N B.L(K.Z1J));

PARAMETER UTILITY_COST;

UTILITYCOST = SUMTIT(HU (1) AND FREEH(1)),CHU(I)*FHU.L(I)*DTHU(]))
+SUM (J$(CU(J) AND FREEC(J)),CCU()*FCU.LA)*DTCUW)) ;

SOFFTEXT

OPTION Cold_UTILITY_COST:3:0:1; DISPLAY Cold UTILITY COST.L;
OPTION HOT UTILITY_COST:3:0:1; DISPLAY HOT UTILITY COST.L;
OPTION Area Cost:3:0:1; DISPI AY Area Cost.L;

OPTION FIX COST:3:0:1; DISPLAY FIX~COST.L;

option Q:3:0:1; display Q.L;
option FHU:3:0:1; display FHU.L;
option FCU:3:0:1; display FCU.L;
* OPTION DPAR_E:3:0:1; DISPLAY DPAR EL;
* OPTION PAR_N:3:0:1; DISPLAY PAR NT;
OPTION PAR:4:0:1; DISPLAY PARLL; -
1

OPTION OMA K 11:10:1; DISPLAY QMATCH;
OPTION PAR N:3:0:I; DISPLAY PAR N.L;
OPTION DPAR F 3:0:1;DISPLAY DPAR EL;

OPTION PH1:3:0:1: DISPLAY PHIL;

OPTION AEX:3:0:1; DISPLAY AEX.L,

OPTION FH_H:3:0:1; DISPLAY FH H;

OPTION FC~C:3:0:1;DISPLAY IC C;

*OPTION (JTINTY COST 3:0:1: DISPLAY UTILITY COST,;
OPTION AREA COST 3:0.1;DISPLAY AREA COST L;
OPTION DPAR i: 3:0:1;DISPLAY DPAR EL;
OPTION PAR_N:3:0:1; DISPLAY PAR N.L,
OPTION PARIB:3:0:1; DISPLAY PAR B.L;
OPTION DPAR i: B:3:0:1;DISPLAY DPAR F B I;
OPTION PAR_N_B:3:0:1; DISPLAY PAR N B.L;
OPTION TU:3:0:1, DISPLAY TU;

OPTION I1:i0:1; DISPLAY TL;

OPTION Cp Dt:3:0:I; DISPLAY Cp Dt.L;

OPTION TOTAL_Q:3:0:1; DISPLAY TOTAL Q.L;
OPTION PA13:0:1: DISPLAY PALL;

OPTION PA2:3:0:1; DISPLAY PA2.L,

OPTION PA3:3:0:1; DISPLAY PA3.L;

OPTION Cost side stripping steam :3:0:1; DISPLAY Cost side stripping steam.L;
OPTION SSTO:0:17DISPLAY SST.L;

OPTION QPA:3:0:1; DISPLAY QPA.L;

OPTION :3:0:1; DISPLAY W.L;

OPTION FPR 3 0:1: DISPLAY IPR:

OPTION IP 3.0:1: DISPLAY FP L;

OPTION DHH:3:0:1; DISPLAY DHH;

OPTION DHC:3:0:1; DISPLAY I)iq ;

OPTION HHEAD:3:2:1; DISPLAY HHEAD:
OPTION CHEAD:3:2:1; DISPLAY CHEAD;
OPTION ALLOW:3:0:1; DISPLAY ALLOW,
OPTION ALLOW _H:3:0:1; DISPLAY ALLOW I
OPTION ALLOW C3:0.1;DISPLAY ALLOWAC;
OPTION ALLOWI2:2:0:1: DISPLAY ALLOW 2;
OPTION Q:3:0:1; DISPLAY Q.L;



OPTION
OPTION
OPTION
OPTION
OPTION
OPTION
OPTION
OPTION
OPTION
OPTION
OPTION
OPTION
OPTION
OPTION
OPTION
OPTION
OPTION
OPTION
OPTION
OPTION
OPTION
OPTION
OPTION
OPTION
OPTION
OPTION
OPTION
OPTION
OPTION
OPTION
OPTION
OPTION
OPTION

QNEW _M:3:0:1; DISPLAY QNEWM .L;
QNEWJIM:3:0:1; dispray QNEWIM.L;
QNEW2_M:3:0:1;DISPLAY QNEW 2M .L;
QNEW2~N:3:0:1; DISPLAY QNEW2JTL,;
Y_M:3:0:1;DISPLAY Y M L;

YJJ:3:0:1; DISPLAY YJS.L;
NHE_MO0:3:0:1;DISPLAY NHE MOLL;
NHelm 1:3:0:1; DISPLAY NHE~M1.L,
NHE~N0:3:0:1; DISPLAY NHEJMO.L;
NHEINI:3:0:1; DISPLAY NHE>II.L;
Y_MJB:3:0:1;DISPLAY Y M B.L;

Y N B30:1.DISPLAY YINB-L;

NIZE MO 15:3:0:1;DISPLAY NHE MO B.L;
NUL AL ( (1 DISPLAYNHel milb L;
NUI-: NO B:3:0:1;DISPLAY NHEJMO B.L;
MI-: NI B 3:0 1;DISPLAY NHE~NI~B.L;
Al'TA M 3111 DISPLAY ALFA M.1”
AlJ-A N:3:0:1. DISPLAY ALFA-N.L;
NHE:3:0:1; DISPLAY NHE.L;

:3:0;1; DISPLAY QU I;

QC:3:0:1; DISPLAY QC.L;
X1_B:3:0:1;DISPLAY XI*B.L;

X_B:3:0:1; DISPLAY X_bTL;

02:3:0:1: DISPLAY Q2.L;

FHU:3:0:1; DISPLAY FHUL;

FCU:3:0:1; DISPLAY FCULL;

NIIL2 3:0:1;DISPLAY NHEZ;

PAR.3:0:1: DISPLAY PARLL;
PAR_B:3:0:1; DISPLAY PAR B.L;

(IMA ITT 1:3.0:1; DISPLAY QMATCH;
FH_H:3:0:1; DISPLAY FH H;

FC ¢ 30.1: DISPLAY Fcjc;

LMTD:3:0:1; DISPLAY LMTD;

w w

o o

C
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