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Heat exchanger network design

Pinch design method
Example 

 
Prof. François Marechal
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Example process
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4 kW/°C

2.5 kW/°C

Cold streams
Hot Streams
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Streams definition

Example : calculation of a heat recovery heat exchanger
network

August 18, 2010

Abstract
This is a simple example used to illustrate the application of the problem table method

that allows one to calculate the minimum energy requirement of a process and the pinch
design method that allows one to calculate one of the possible heat exchangers network
that realizes the maximum heat recovery in the system.

1 Problem statement
Let us consider the example of the 4 streams described in table 1.

Tin Tout Ṁcp Q̇ α
[C] [C] [kW/C] [kW] [kW/C/m2]

A 20 130 -1.5 -165.0 0.5
B 80 140 -4.0 -240.0 0.5
C 160 60 +2.5 250.0 0.5
D 150 50 +2.0 200.0 0.5

Table 1: Streams definition

The following economical data will be used to calculate the optimal value of the ∆Tmin and
the economical performances of the heat recovery project.

Operating conditions

• Cooling water can be used to cool down process streams to 20◦C

• Process operating time 2000h/year

• Process fluid is assimilated to liquid water with a heat tranfer coefficient of 500 W/C/m2

• Investment equation: Purchased cost ref year (2000) Cp,ref = 800(A)0.7[CHF ]

Operating costs

• Natural gas: 0.05 CHF/kWh

• Water: 0.01 CHF/ m3

• Electricity: 0.15 CHF/kWhe

Useful values

1

Cold streams Hot Streams
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Hot and cold composite curves
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Figure 2: Hot and Cold Composite Curves

Figure 3: Grand Composite Curve
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Streams grid
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Above the pinch point : nb of streams rule ?
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?Npinch,c ≥ Npinch,h
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Above the pinch point : CP rule ?
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=> Split Hot stream

B A C D
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Split Hot stream => Calculate E1
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Calculating E1 : overall heat transfer coefficient 0.25 kW/m2/C
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4 kW/°C 1.5 kW/°C 2.5 kW/°C 2 kW/°C

80°C 90°C 90°C

C
al

cu
la

tio
n 

di
re

ct
io

n

240 kW 75 kW 175 kW 120 kW

E2E2

E1E1

1.07 kW/°C

75 kW

B A C D

135°C 155°C

85°C 85°CCorrected temperature
Q= 1.5 *(135 -85) = 75 kW (from the cold side)
Q= 1.5 *(130 -80) = 75 kW (from the cold side)

mcp= 75/(155 -85) = 1.07 kW/°C (split factor from the hot side side)
mcp= 75/(160 -90) = 1.07 kW/°C (split factor from the hot side side)

AU = 75/(((155-135+10)-(85-85+10))/ln((155-135+10)/(85-85+10)))
AU = 75/(((160-130)-(90-80))/ln((160-130)/(90-80))) = 4.16                    => A=4.16/0.250= 16.5 m2
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New streams after placement of E1

• C1,2 = below the pinch

140°C

80°C

130°C 160°C 150°C

4 kW/°C 1.5 kW/°C 2.5 kW/°C 2 kW/°C

80°C 90°C 90°C

240 kW 75 kW 175 kW 120 kW

B A C D

Figure 5: Pinch design method step 1 above the pinch
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E1E1

?
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B A C D

Figure 6: Pinch design method step 2 above the pinch

Tin T ∗
in Tout T ∗

out Ṁcp Q̇
[C] [C] [C] [C] [kW/C] [kW]

Cold streams
A1 20 80 -1.5 -90.0
B 80 140 -4.0 -240.0
Hot streams
C1,1 160 90 (2.5-1.07=+1.4286) +100.0
C1,2 90 60 +2.5 +75.0
D 150 50 +2.0 +200.0

Table 5: New list of streams after placement of heat exchanger E1
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Above the pinch point : Nb of streams ?

140°C

80°C

130°C 160°C 150°C

4 kW/°C 1.5 kW/°C 2.5 kW/°C 2 kW/°C

80°C 90°C 90°C

C
al

cu
la

tio
n 

di
re

ct
io

n

240 kW 75 kW 175 kW 120 kW

E2E2

=> Split Cold stream

E1E1

Npinch,c ≥ Npinch,h?

?

1.07 kW/°C

75 kW

B A C D



fr
an

co
is

.m
ar

ec
ha

l@
ep

fl
.c

h 
©
IP

ES
E-

IG
M

-S
TI

-E
PF

L 
20

14

Above the pinch point : Network design
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Heat exchangers above the pinch

Thot ∆Thot Tcold ∆Tcold ∆Tlm Q̇ A Cost
[C] [C] [C] [C] [C] [kW] [m2] [CHF]
160 90

E1 30 10 18.20 75.0 16.5 32945
130 80
160 90

E2 25 10 16.37 100.0 24.4 43327
135 80
150 90

E3 15 10 12.33 120.0 38.9 60055
135 80
90 60

E4 10 30 18.20 75.0 16.5 32947
80 30
90 82.5

E5 43.3 62.5 61.24 15.0 1.0 4630
30 20

Total 385.0 97.3 173905

Table 7: Heat Exchangers obtained with Pinch Design Method

140°C

80°C

130°C 160°C 150°C

4 kW/°C 1.5 kW/°C 2.5 kW/°C 2 kW/°C

80°C 90°C 90°C

240 kW 165 kW 250 kW 200 kW

E2E2

E1E1

1.07 kW/°C

75 kW

E3E3
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1.8 kW/°C2.2 kW/°C

135 °C135 °C

H 20 kW

20°C 60°C 50°C

E4E4 75 kW

30 °C

E5E5 15 kW

C65 kW

82.5 °C

B A C D

Figure 9: Identification of loop 1

14

Operating cost = 2325 CHF/year

Fluid heat transfer coefficient U = 0.5 kW/C°/m2  

Investment : [CHF] : 4630(A)0.7 
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Below the pinch point : Network design
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Heat exchangers after Pinch design method

Thot ∆Thot Tcold ∆Tcold ∆Tlm Q̇ A Cost
[C] [C] [C] [C] [C] [kW] [m2] [CHF]
160 90

E1 30 10 18.20 75.0 16.5 32945
130 80
160 90

E2 25 10 16.37 100.0 24.4 43327
135 80
150 90

E3 15 10 12.33 120.0 38.9 60055
135 80
90 60

E4 10 30 18.20 75.0 16.5 32947
80 30
90 82.5

E5 43.3 62.5 61.24 15.0 1.0 4630
30 20

Total 385.0 97.3 173905

Table 7: Heat Exchangers obtained with Pinch Design Method
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Figure 9: Identification of loop 1
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Operating cost = 2325 CHF/year

Fluid heat transfer coefficient U = 0.5 kW/C°/m2  Investment : [CHF] : 4630(A)0.7 
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Conclusions

• Systematic method for heat exchanger 
network design 
– Start from the pinch

• Goals with respect to pinch location
– Feasibility rules to select streams
– Split if necessary
– Heat load by tick-off rule (minimum number of 

units)
– Heat exchanger network calculation

• from the pinch !
‣


