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COURSE OVERVIEW

Automated design

Basics

Composite Curve
Problem Table Algorithm
Grand Composite Curve

Placement of utilities

Process Modification (+/-)

Data extraction

Heat Exchanger Network Design

Capital Cost Targeting

Process 
integration

LP/MILP

MINLP

Reactors and separators

Heat engines and heat pumps

HEAT 
INTEGRATION
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Retrofitting of 
Heat Exchanger Network

Open



Two well-known models:

1. Transhipment model

2. Superstructure model

3

AUTOMATED HEAT EXCHANGER DESIGN

Open



Transhipment model 
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TEMPERATURE INTERVAL

H1

H2

C1

C2

T1 T2

Interval J

sH1,C1,J

sH1,C2,J

sH2,C1,J

sH2,C2,J

Open
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TEMPERATURE INTERVAL

U
(7.5)

H1
(1.5)

H2
(0)

J0

C1
(0)

C2
(0)

sH1,C2,J0

U
(0)

H1
(6)

H2
(0)

J1

C1
(0)

C2
(12)

sH1,C2,J1

DU, J0

DH1, J0

DH2, J0

DU, J1

DH1, J1 DH2, J1

J2

Heat is only transferred from a higher level to a lower level

Notations:

i = {U, H1, H2}; 
k = {C1, C2}; 
J = {J0, J1, …, Jn}

Open
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ENERGY BALANCE IN COLD STREAMS

For every cold stream (∀ 𝑘) in every interval (∀ 𝐽), it can only take a specified 
amount of energy (𝑃𝑘,𝐽)

Interval  J0

𝑠𝑈,𝐶1,𝐽0 + 𝑠𝐻1,𝐶1,𝐽0 + 𝑠𝐻2,𝐶1,𝐽0 = 𝑃𝐶1,𝐽0
𝑠𝑈,𝐶2,𝐽0 + 𝑠𝐻1,𝐶2,𝐽0 + 𝑠𝐻2,𝐶2,𝐽0 = 𝑃𝐶2,𝐽0

Interval J1

𝑠𝑈,𝐶1,𝐽1 + 𝑠𝐻1,𝐶1,𝐽1 + 𝑠𝐻2,𝐶1,𝐽2 = 𝑃𝐶1,𝐽2
𝑠𝑈,𝐶2,𝐽1 + 𝑠𝐻1,𝐶2,𝐽1 + 𝑠𝐻2,𝐶2,𝐽2 = 𝑃𝐶2,𝐽2



𝑖

𝑠𝑖,𝑘,𝐽 = 𝑃𝑘,𝐽 ∀ 𝑘, 𝐽

Notations:

i = {U, H1, H2}; 
k = {C1, C2}; 
J = {J0, J1, …, Jn}

Open
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ENERGY BALANCE IN HOT STREAMS

For every hot stream (∀ 𝑖) in every interval (∀ 𝐽), it can only supply a 
specified amount of energy (𝑅𝑖,𝐽)

Interval  J0

𝐷𝑈,𝐽0 + 𝑠𝑈,𝐶1,𝐽0 + 𝑠𝑈,𝐶2,𝐽0 = 𝑅𝑈,𝐽0
𝐷𝐻1,𝐽0 + 𝑠𝐻1,𝐶1,𝐽0 + 𝑠𝐻1,𝐶2,𝐽0 = 𝑅𝐻1,𝐽0
𝐷𝐻2,𝐽0 + 𝑠𝐻2,𝐶1,𝐽0 + 𝑠𝐻2,𝐶2,𝐽0 = 𝑅𝐻2,𝐽0

𝐷𝑖,𝐽0 +

𝑘

𝑠𝑖,𝑘,𝐽0 = 𝑅𝑖,𝐽0 ∀ 𝑖 𝑖𝑛 𝐽0

Interval J1

𝐷𝑈,𝐽1 − 𝐷𝑈,𝐽0 + 𝑠𝑈,𝐶1,𝐽1 + 𝑠𝑈,𝐶2,𝐽1 = 𝑅𝑈,𝐽1
𝐷𝐻1,𝐽1 − 𝐷𝐻1,𝐽0 + 𝑠𝐻1,𝐶1,𝐽1 + 𝑠𝐻1,𝐶2,𝐽1 = 𝑅𝐻1,𝐽1
𝐷𝐻2,𝐽1 − 𝐷𝐻2,𝐽0 + 𝑠𝐻2,𝐶1,𝐽1 + 𝑠𝐻2,𝐶2,𝐽1 = 𝑅𝐻2,𝐽1

𝐷𝑖,𝐽 − 𝐷𝑈,(𝐽−1) +

𝑘

𝑠𝑖,𝑘,𝐽 = 𝑅𝑖,𝐽 ∀ 𝑖, 𝐽 𝑒𝑥𝑐𝑒𝑝𝑡 𝑖𝑛 𝐽0

Notations:

i = {U, H1, H2}; 
k = {C1, C2}; 
J = {J0, J1, …, Jn}

Open
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HEAT EXCHANGING MATCHES, YI,K

For every hot and cold stream, a heat exchanging match, 
Yi,k does exist (1) if there is at least one si,k,J in any interval
Yi,k does not exist (0) if there is none of si,k,J in any interval

𝑠𝑈,𝐶1,𝐽0 + 𝑠𝑈,𝐶1,𝐽1 +⋯+ 𝑠𝑈,𝐶1,𝐽 − 𝛾 ∙ 𝑌𝑈,𝐶1 ≤ 0

𝑠𝑈,𝐶2,𝐽0 + 𝑠𝑈,𝐶2,𝐽1 +⋯+ 𝑠𝑈,𝐶2,𝐽 − 𝛾 ∙ 𝑌𝑈,𝐶2 ≤ 0



𝐽

𝑠𝑖,𝑘,𝐽 −𝛾 ∙ 𝑌𝑖,𝑘 ≤ 0 ∀ 𝑖, 𝑘

Notations:

i = {U, H1, H2}; 
k = {C1, C2}; 
J = {J0, J1, …, Jn}

Open
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OBJECTIVE FUNCTION

The objective function is to minimize the number of heat exchangers
This means also to minimize the number of matches

𝑀𝑖𝑛𝑖𝑚𝑖𝑧𝑒 𝑧
z = 𝑌𝑈,𝐶1 + 𝑌𝑈,𝐶2 + …+ 𝑌𝑖,𝑘

𝑧 =

𝑖



𝑘

𝑌𝑖,𝑘

Notations:

i = {U, H1, H2}; 
k = {C1, C2}; 
J = {J0, J1, …, Jn}

Open
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GAMS MODEL – DESIGN ABOVE PINCH

Open
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GAMS RESULT
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GAMS RESULT

Open
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GAMS RESULT

Open
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GAMS RESULT

Open
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GAMS RESULT

Open
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GAMS RESULT

H1

H2

C1

C2

8 kW

5 kW 0.5 kW 2 kW

7 kW

2.5 kW 10 kW

Not so handy 
Check the temperatures and simplify 
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GAMS RESULT - SIMPLIFY

H1

H2

C1

C2

8 kW

7.5 kW

7 kW

12.5 kW

Open



Superstructure model 
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SUPERSTRUCTURE

H1-C1

H1-C2

H1-C1

H1-C2

tcout (1)= 650

thw out =680

Δthu(1)
qh (1)

thuin=680
tc (1,1)

th (1,1)
H1

fh(1)= 10
thin (1)= 650

q(1,1,1) Δt(1,1,1)

z1,1,1

q(1,2,1)

Δt(1,2,1)z1,2,1

th (1,2)

tc (1,2)

q(1,1,2) Δt(1,1,2)

z1,1,2

q(1,2,2)

z1,2,2 Δt(1,2,2)

C1
tc (1,3)

th (1,3)

tcuin =300

qc (1)
Δtcu(1)

thout (1)= 370

tcout (1)= 320

tcin (1)= 410
fc (1) =15

H2-C1

H2-C2

H2-C1

H2-C2

C2
Tcout (2)=500

thw out =680

Δthu(2)
qh (2)

thuin=680

th (1,2)

fh(2)= 20
thin (2)= 590

H2

tc (1,2) q(2,1,1)

Δt(2,1,1)z2,1,1

q(2,2,1)

Δt(2,2,1)z2,2,1

th (2,2)

tc (2,2)

q(2,1,2)

Δt(2,1,2)z2,1,2

q(2,2,2)

z2,2,2 Δt(2,2,2)

tc (2,3)

th (2,3)

tcuin 
=300

qc (2)
Δtcu(2)

thout (2)= 370

tcout (2)= 320

tcin (2)= 350
fc (2) =13

Interval 
k=1

Interval 
k=2

Interval 
k=3

Stage 1 Stage 2
ΔTmin=tmappp=10

ΔT≥tmapp
ΔThu≥tmapp
ΔTcu≥tmapp

Superstructure with 2 stages

Open
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GAMS CODE

Open
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GAMS CODE

Open
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GAMS CODE

Open
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GAMS CODE

Open
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GAMS CODE

Open
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GAMS CODE

Open
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GAMS CODE

Open
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GAMS CODE

Open
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EXPLANATION ON THE CODE (1)

H1-C1

H1-C2

H1-C1

H1-C2

tcout (1)= 650

thw out =680

Δthu(1)
qh (1)

thuin=680
tc (1,1)

th (1,1)
H1

fh(1)= 10
thin (1)= 650

q(1,1,1) Δt(1,1,1)

z1,1,1

q(1,2,1)

Δt(1,2,1)z1,2,1

th (1,2)

tc (1,2)

q(1,1,2) Δt(1,1,2)

z1,1,2

q(1,2,2)

z1,2,2 Δt(1,2,2)

C1
tc (1,3)

th (1,3)

tcuin =300

qc (1)
Δtcu(1)

thout (1)= 370

tcout (1)= 320

tcin (1)= 410
fc (1) =15

H2-C1

H2-C2

H2-C1

H2-C2

C2
Tcout (2)=500

thw out =680

Δthu(2)
qh (2)

thuin=680

th (1,2)

fh(2)= 20
thin (2)= 590

H2

tc (1,2) q(2,1,1)

Δt(2,1,1)z2,1,1

q(2,2,1)

Δt(2,2,1)z2,2,1

th (2,2)

tc (2,2)

q(2,1,2)

Δt(2,1,2)z2,1,2

q(2,2,2)

z2,2,2 Δt(2,2,2)

tc (2,3)

th (2,3)

tcuin 
=300

qc (2)
Δtcu(2)

thout (2)= 370

tcout (2)= 320

tcin (2)= 350
fc (2) =13

Interval 
k=1

Interval 
k=2

Interval 
k=3

Stage 1 Stage 2
ΔTmin=tmappp=10

ΔT≥tmapp
ΔThu≥tmapp
ΔTcu≥tmapp

Open
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EXPLANATION ON THE CODE (2)

H1-C1

H1-C2

H1-C1

H1-C2

tcout (1)= 650

thw out =680

Δthu(1)
qh (1)

thuin=680
tc (1,1)

th (1,1)
H1

fh(1)= 10
thin (1)= 650

q(1,1,1) Δt(1,1,1)

z1,1,1

q(1,2,1)

Δt(1,2,1)z1,2,1

th (1,2)

tc (1,2)

q(1,1,2) Δt(1,1,2)

z1,1,2

q(1,2,2)

z1,2,2 Δt(1,2,2)

C1
tc (1,3)

th (1,3)

tcuin =300

qc (1)
Δtcu(1)

thout (1)= 370

tcout (1)= 320

tcin (1)= 410
fc (1) =15

H2-C1

H2-C2

H2-C1

H2-C2

C2
Tcout (2)=500

thw out =680

Δthu(2)
qh (2)

thuin=680

th (1,2)

fh(2)= 20
thin (2)= 590

H2

tc (1,2) q(2,1,1)

Δt(2,1,1)z2,1,1

q(2,2,1)

Δt(2,2,1)z2,2,1

th (2,2)

tc (2,2)

q(2,1,2)

Δt(2,1,2)z2,1,2

q(2,2,2)

z2,2,2 Δt(2,2,2)

tc (2,3)

th (2,3)

tcuin 
=300

qc (2)
Δtcu(2)

thout (2)= 370

tcout (2)= 320

tcin (2)= 350
fc (2) =13

Interval 
k=1

Interval 
k=2

Interval 
k=3

Stage 1 Stage 2
ΔTmin=tmappp=10

ΔT≥tmapp
ΔThu≥tmapp
ΔTcu≥tmapp

Open
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EXPLANATION ON THE CODE (3)

H1-C1

H1-C2

H1-C1

H1-C2

tcout (1)= 650

thw out =680

Δthu(1)
qh (1)

thuin=680
tc (1,1)

th (1,1)
H1

fh(1)= 10
thin (1)= 650

q(1,1,1) Δt(1,1,1)

z1,1,1

q(1,2,1)

Δt(1,2,1)z1,2,1

th (1,2)

tc (1,2)

q(1,1,2) Δt(1,1,2)

z1,1,2

q(1,2,2)

z1,2,2 Δt(1,2,2)

C1
tc (1,3)

th (1,3)

tcuin =300

qc (1)
Δtcu(1)

thout (1)= 370

tcout (1)= 320

tcin (1)= 410
fc (1) =15

H2-C1

H2-C2

H2-C1

H2-C2

C2
Tcout (2)=500

thw out =680

Δthu(2)
qh (2)

thuin=680

th (1,2)

fh(2)= 20
thin (2)= 590

H2

tc (1,2) q(2,1,1)

Δt(2,1,1)z2,1,1

q(2,2,1)

Δt(2,2,1)z2,2,1

th (2,2)

tc (2,2)

q(2,1,2)

Δt(2,1,2)z2,1,2

q(2,2,2)

z2,2,2 Δt(2,2,2)

tc (2,3)

th (2,3)

tcuin 
=300

qc (2)
Δtcu(2)

thout (2)= 370

tcout (2)= 320

tcin (2)= 350
fc (2) =13

Interval 
k=1

Interval 
k=2

Interval 
k=3

Stage 1 Stage 2
ΔTmin=tmappp=10

ΔT≥tmapp
ΔThu≥tmapp
ΔTcu≥tmapp

Open
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EXPLANATION ON THE CODE (4)

Open
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EXPLANATION ON THE CODE (2)

H1-C1

H1-C2

H1-C1

H1-C2

tcout (1)= 650

thw out =680

Δthu(1)
qh (1)

thuin=680
tc (1,1)

th (1,1)
H1

fh(1)= 10
thin (1)= 650

q(1,1,1) Δt(1,1,1)

z1,1,1

q(1,2,1)

Δt(1,2,1)z1,2,1

th (1,2)

tc (1,2)

q(1,1,2) Δt(1,1,2)

z1,1,2

q(1,2,2)

z1,2,2 Δt(1,2,2)

C1
tc (1,3)

th (1,3)

tcuin =300

qc (1)
Δtcu(1)

thout (1)= 370

tcout (1)= 320

tcin (1)= 410
fc (1) =15

H2-C1

H2-C2

H2-C1

H2-C2

C2
Tcout (2)=500

thw out =680

Δthu(2)
qh (2)

thuin=680

th (1,2)

fh(2)= 20
thin (2)= 590

H2

tc (1,2) q(2,1,1)

Δt(2,1,1)z2,1,1

q(2,2,1)

Δt(2,2,1)z2,2,1

th (2,2)

tc (2,2)

q(2,1,2)

Δt(2,1,2)z2,1,2

q(2,2,2)

z2,2,2 Δt(2,2,2)

tc (2,3)

th (2,3)

tcuin 
=300

qc (2)
Δtcu(2)

thout (2)= 370

tcout (2)= 320

tcin (2)= 350
fc (2) =13

Interval 
k=1

Interval 
k=2

Interval 
k=3

Stage 1 Stage 2
ΔTmin=tmappp=10

ΔT≥tmapp
ΔThu≥tmapp
ΔTcu≥tmapp

Open
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EXPLANATION ON THE CODE (2)

H1-C1

H1-C2

H1-C1

H1-C2

tcout (1)= 650

thw out =680

Δthu(1)
qh (1)

thuin=680
tc (1,1)

th (1,1)
H1

fh(1)= 10
thin (1)= 650

q(1,1,1) Δt(1,1,1)

z1,1,1

q(1,2,1)

Δt(1,2,1)z1,2,1

th (1,2)

tc (1,2)

q(1,1,2) Δt(1,1,2)

z1,1,2

q(1,2,2)

z1,2,2 Δt(1,2,2)

C1
tc (1,3)

th (1,3)

tcuin =300

qc (1)
Δtcu(1)

thout (1)= 370

tcout (1)= 320

tcin (1)= 410
fc (1) =15

H2-C1

H2-C2

H2-C1

H2-C2

C2
Tcout (2)=500

thw out =680

Δthu(2)
qh (2)

thuin=680

th (1,2)

fh(2)= 20
thin (2)= 590

H2

tc (1,2) q(2,1,1)

Δt(2,1,1)z2,1,1

q(2,2,1)

Δt(2,2,1)z2,2,1

th (2,2)

tc (2,2)

q(2,1,2)

Δt(2,1,2)z2,1,2

q(2,2,2)

z2,2,2 Δt(2,2,2)

tc (2,3)

th (2,3)

tcuin 
=300

qc (2)
Δtcu(2)

thout (2)= 370

tcout (2)= 320

tcin (2)= 350
fc (2) =13

Interval 
k=1

Interval 
k=2

Interval 
k=3

Stage 1 Stage 2
ΔTmin=tmappp=10

ΔT≥tmapp
ΔThu≥tmapp
ΔTcu≥tmapp

Open
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EXPLANATION ON THE CODE (2)

H1-C1

H1-C2

H1-C1

H1-C2

tcout (1)= 650

thw out =680

Δthu(1)
qh (1)

thuin=680
tc (1,1)

th (1,1)
H1

fh(1)= 10
thin (1)= 650

q(1,1,1) Δt(1,1,1)

z1,1,1

q(1,2,1)

Δt(1,2,1)z1,2,1

th (1,2)

tc (1,2)

q(1,1,2) Δt(1,1,2)

z1,1,2

q(1,2,2)

z1,2,2 Δt(1,2,2)

C1
tc (1,3)

th (1,3)

tcuin =300

qc (1)
Δtcu(1)

thout (1)= 370

tcout (1)= 320

tcin (1)= 410
fc (1) =15

H2-C1

H2-C2

H2-C1

H2-C2

C2
Tcout (2)=500

thw out =680

Δthu(2)
qh (2)

thuin=680

th (1,2)

fh(2)= 20
thin (2)= 590

H2

tc (1,2) q(2,1,1)

Δt(2,1,1)z2,1,1

q(2,2,1)

Δt(2,2,1)z2,2,1

th (2,2)

tc (2,2)

q(2,1,2)

Δt(2,1,2)z2,1,2

q(2,2,2)

z2,2,2 Δt(2,2,2)

tc (2,3)

th (2,3)

tcuin 
=300

qc (2)
Δtcu(2)

thout (2)= 370

tcout (2)= 320

tcin (2)= 350
fc (2) =13

Interval 
k=1

Interval 
k=2

Interval 
k=3

Stage 1 Stage 2
ΔTmin=tmappp=10

ΔT≥tmapp
ΔThu≥tmapp
ΔTcu≥tmapp

Open
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EXPLANATION ON THE CODE (2)

H1-C1

H1-C2

H1-C1

H1-C2

tcout (1)= 650

thw out =680

Δthu(1)
qh (1)

thuin=680
tc (1,1)

th (1,1)
H1

fh(1)= 10
thin (1)= 650

q(1,1,1) Δt(1,1,1)

z1,1,1

q(1,2,1)

Δt(1,2,1)z1,2,1

th (1,2)

tc (1,2)

q(1,1,2) Δt(1,1,2)

z1,1,2

q(1,2,2)

z1,2,2 Δt(1,2,2)

C1
tc (1,3)

th (1,3)

tcuin =300

qc (1)
Δtcu(1)

thout (1)= 370

tcout (1)= 320

tcin (1)= 410
fc (1) =15

H2-C1

H2-C2

H2-C1

H2-C2

C2
Tcout (2)=500

thw out =680

Δthu(2)
qh (2)

thuin=680

th (1,2)

fh(2)= 20
thin (2)= 590

H2

tc (1,2) q(2,1,1)

Δt(2,1,1)z2,1,1

q(2,2,1)

Δt(2,2,1)z2,2,1

th (2,2)

tc (2,2)

q(2,1,2)

Δt(2,1,2)z2,1,2

q(2,2,2)

z2,2,2 Δt(2,2,2)

tc (2,3)

th (2,3)

tcuin 
=300

qc (2)
Δtcu(2)

thout (2)= 370

tcout (2)= 320

tcin (2)= 350
fc (2) =13

Interval 
k=1

Interval 
k=2

Interval 
k=3

Stage 1 Stage 2
ΔTmin=tmappp=10

ΔT≥tmapp
ΔThu≥tmapp
ΔTcu≥tmapp

Open
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EXPLANATION ON THE CODE (2)

H1-C1

H1-C2

H1-C1

H1-C2

tcout (1)= 650

thw out =680

Δthu(1)
qh (1)

thuin=680
tc (1,1)

th (1,1)
H1

fh(1)= 10
thin (1)= 650

q(1,1,1) Δt(1,1,1)

z1,1,1

q(1,2,1)

Δt(1,2,1)z1,2,1

th (1,2)

tc (1,2)

q(1,1,2) Δt(1,1,2)
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tcin (1)= 410
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H2-C1

H2-C2

H2-C1

H2-C2
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thw out =680

Δthu(2)
qh (2)
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th (1,2)
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q(2,2,1)

Δt(2,2,1)z2,2,1

th (2,2)
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qc (2)
Δtcu(2)

thout (2)= 370

tcout (2)= 320

tcin (2)= 350
fc (2) =13

Interval 
k=1

Interval 
k=2

Interval 
k=3

Stage 1 Stage 2
ΔTmin=tmappp=10

ΔT≥tmapp
ΔThu≥tmapp
ΔTcu≥tmapp

Open
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EXPLANATION ON THE CODE (2)
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tcin (2)= 350
fc (2) =13
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k=1

Interval 
k=2

Interval 
k=3

Stage 1 Stage 2
ΔTmin=tmappp=10

ΔT≥tmapp
ΔThu≥tmapp
ΔTcu≥tmapp

Open
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EXPLANATION ON THE CODE (2)

H1-C1

H1-C2

H1-C1

H1-C2

tcout (1)= 650

thw out =680

Δthu(1)
qh (1)

thuin=680
tc (1,1)

th (1,1)
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z1,1,2
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C1
tc (1,3)

th (1,3)

tcuin =300

qc (1)
Δtcu(1)

thout (1)= 370

tcout (1)= 320

tcin (1)= 410
fc (1) =15

H2-C1

H2-C2

H2-C1

H2-C2

C2
Tcout (2)=500

thw out =680

Δthu(2)
qh (2)
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th (1,2)

fh(2)= 20
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fc (2) =13

Interval 
k=1

Interval 
k=2

Interval 
k=3

Stage 1 Stage 2
ΔTmin=tmappp=10

ΔT≥tmapp
ΔThu≥tmapp
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RESULTS COMPARISON

650˚C

650˚C

590˚C

590˚C

580˚C

500˚C

370˚C, 10 kW/K

370˚C, 20 kW/K

410˚C, 15 kW/K

350˚C, 13 kW/K

620˚C

450 kW

600 kW
590˚C

580˚C

2550 kW
462.5˚C

1950 kW 250 kW

395˚C

1850 kW

H1

H2

C1

C2

650˚C

484.8 kW
491 kW

617.68˚C
617.26˚C

670 kW
650˚C

682.3 kW

590˚C

500˚C

571.8˚C
573˚C

581.8˚C

583˚C

1950 kW

2445 kW
2426.5 kW 410˚C

180 kW

167.7 kW

350˚C

370˚C
H1

370˚C
H2

1973 kW

467.7˚C

1954 kW

= Baron

=Dicopt

1 2 3
I II

590˚C

468˚C

388˚C
386.8˚C

1950 kW

a). Automated results using two solvers (Baron and Dicopt)

b). Hand calculation

Open
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AUTOMATED RESULT USING 3 STAGES

H1

H2

C1

C2

650˚C
491 kW

617.26˚C

650˚C

682.3 kW

590˚C

550˚C

571.8˚C

581.8˚C

1950 kW

2426.5 kW

410˚C

167.7 kW
350˚C

386.8˚C

H2
468.7˚C

1973.4 kW

1 2 3
I II

H1

571.8˚C

590˚C

4
III

Open
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Design HEN for your case studies using GAMS

Simplify the design

Open



COURSE OVERVIEW

Automated design

Basics

Composite Curve
Problem Table Algorithm
Grand Composite Curve

Placement of utilities

Process Modification (+/-)

Data extraction

Heat Exchanger Network Design

Capital Cost Targeting

Process 
integration

LP/MILP

MINLP

Reactors and separators

Heat engines and heat pumps

HEAT 
INTEGRATION
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Retrofitting of 
Heat Exchanger Network

Open


