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CV  = controlled variable 

DOF(s) =  degree(s) of freedom 

HEN(s) = heat exchanger network(s) 

ILP  = integer linear programming 

LMTD  = logarithmic mean temperature difference 

LP  = linear programming 

MINLP = mixed-integer linear programming 

MV  = manipulated variable 

NLP  = nonlinear programming 

RHP-zero = right half plane zero 

SISO  = single-input single-output 

TAC  = total annual cost 

 

Parameters 

 

A  = area of exchangers (m2) 

Ccui  = cost of cold utility ($/kW) 

Chuj  = cost of hot utility ($/kW) 

Cp  =  heat capacity (kW/kg.oC) 

DI  = decoupling index 

DTmin  = minimum allowable temperature difference (oC) 

 HUup  = upper bound of total hot utility available (kW) 

Nc  = number of cold process streams 

NCV  = number of controlled variables 

NDOF   =  number of degrees of freedom 

NDOF,U   =  number of degrees of freedom with respect to utility  

cost optimization 

Nh  = number of hot process streams 

NMV  = number of manipulated variables 

NPOE  = number of parallel opposing effects 
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 Ns  = number of process streams 

Nsub  = number of subnetworks 

Nsub,min  = minimum number of subnetworks 

Nt  =  number of targets 

NU   =  number of utility types 

Nunit   =  number of exchanger units (matches) 

Nunit,min  = minimum number of units (matches) 

DS   =  dimension space spanned by the manipulated variables 

in the inner HEN to the outer HEN 

RO  =  relative order 

U  = overall heat transfer coefficient (kW/oC.m2) 

dk,i,j  = 
jk

ik

r
r

,

,  

m  = mass flowrate (kg/s) 

nok  = number of stages 

pk,j  = existence of parallel opposing effects from input j to  

output k (pk,j = 1 if input j has parallel opposing effects  

to output k) 

rk,j  = relative order between controlled variable k and  

manipulated variable j 

 

Variables 

 

Qi  = duty of heat exchanger i (kW) 

Qc,i   =  duty of cold utility exchanger i (kW) 

Qh,i  = duty of hot utility exchanger i (kW) 

T  = temperature (oC) 

Phi  = thermal efficiency of exchanger i 

ubi  = bypass fraction of exchanger i 
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Binary variables 

 

dk,i,j  = existence of the term 
jk

ik

r
r

,

,  in the calculation of DI 

poi,j  = existence of possibility for matching between hot  

stream i and cold stream j 

xi,j  = existence of relationship between manipulated variable i  

and manipulated variable j 

yi,j,st  =  existence of match of hot stream i and cold  

stream j at stage st 

zk,j  = existence of control pair between controlled variable k  

   and manipulated variable j 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


