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ABSTRACT

4873022063: Petroleum Technology Program
Warapon Sripayap: Retrofit with / without Relocation of Heat 
Exchanger Networks for a Multi-crude Refinery 
Thesis Advisors: Asst. Prof. Kitipat Siemanond, and 
Prof. Miguel Bagajewicz 222 pp.

Keywords: Heat Exchanger Network/ Mixed Integer Linear Programming/
Crude refinery

An effective way to reduce energy usage in a refinery is to design 
efficient heat exchanger networks (HENs) by using process optimization on the 
Mixed Integer Liner Programming (MILP) method. In this work, retrofit designs 
with/without relocation of HENs are done by GAMS (General Algebraic Modeling 
System) software. This methodology can generate networks where utility cost, heat 
exchanger areas and selection of matches are optimized simultaneously. In addition, 
the simplicity in model assumption of non-isothermal mixing with constraints such 
as stream splitting and allowed/forbidden matches make the model structure more 
convenient to use. This MILP model can be successfully applied to the crude refinery, 
providing both retrofit designs with/without relocation. In a special scenario, 
relocation topology can be used for further reduction in total cost, which also gives 
the highest annual cost saving for retrofitting HENs. This research also determines 
the best HENs for light, intermediate and heavy crude refinery.
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for hot stream I  with cold stream j .  Defined as binary when {ไ,j )  e  B  
and as continuous when (ไ,j )  <£ B
Determines the beginning of a heat exchanger at interval ท of zone z
for cold stream j  with hot stream ไ. Defined as binary when ( i j )  G B  
and as continuous when ( i j )  <£ B
Determines the end of a heat exchanger at interval m  of zone z for hot
stream i with cold stream j .  Defined as binary when ( i j )  G B  and as 
continuous when ( i j )  £ B
Determines the end of a heat exchanger at interval ท of zone z for cold
stream j  with hot stream i. Defined as binary when ( i j )  G B  and as 
continuous when ( i j )  £  B
Number of existing heat exchangers between hot stream ไ and cold 
stream j  in zone z when ( i j )  e  B
Heat transfer from hot stream ไ at interval m  to cold stream j  at 
interval ท in zone z
Non-isothermal mixing heat transfer for hot stream i between intervals 
m  and ท in zone z
Non-isothermal mixing heat transfer for hot stream i between intervals 
m  and ท in zone z
Heat transfer from hot stream i at interval m to cold stream j  in zone z
Heat transfer to cold stream j  at interval ท from hot stream j  in zone z
Auxiliary continuous variable utilized to compute the hot side heat
load of each heat exchanger when several exchangers exist between 
hot stream i and cold stream j  in zone z



XX

q * f  Auxiliary continuous variable utilized to compute the cold side heat
load of each heat exchanger when several exchangers exist between 
hot stream 7 and cold stream j  in zone z

Qimjn Auxiliary continuous variable utilized to compute the area of
individual heat exchangers between hot stream i with cold stream j  in 
zone z when (/ j )  G B  

QP*  Pump around load
บ *  Number of heat exchangers between hot stream 7 and cold stream j  in

zone z
X  *111 Jn Auxiliary continuous variable equals to zero when an exchanger ends

at interval ไท for hot stream 7 and at interval ท for cold stream j .  A 
value o f one corresponds to all other cases

x * j k Auxiliary binary variable that determines whether the &-th between
hot stream 7 with cold stream j  in zone z exists at interval ไท of when
(บ) ^

Y P h Determines whether heat is being transferred from hot stream i at
interval ไท to cold stream j .  Defined as binary when ( i j )  £  B  and as 
continuous when ( i j )  e  B

Y*nc  Determines whether heat is being transferred from hot stream i to cold
stream j  at interval ท. Defined as binary when ( i j )  <£B and as 
continuous when ( i j )  e  B

ร * ’k Auxiliary binary variable used for heat exchanger relocation.
Auxiliary binary variable that determines whether the Æ-th original 
heat exchanger o f zone z has is serving the match between hot stream 
i and cold stream j ,  when ( i j )  £  B

ร * ’hk Auxiliary binary variable used for heat exchanger relocation. This
variable determines whether the £-th original heat exchanger of zone z 
has is serving the h-th exchanger streams i and j ,  when ( i j )  G B



Auxiliary continuous variable equal to one when heat transfer from
interval m of hot stream i to cold stream j  occurs in zone z and it does 
not correspond to the beginning nor the ending of a heat exchanger. A 
value of zero corresponds to all other cases
Auxiliary continuous variable equal to one when heat transfer from
hot stream i to interval ท of cold stream j  occurs in zone z and it does 
not correspond to the beginning nor the ending of a heat exchanger. A 
value of zero corresponds to all other cases
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