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Process integration�

Defining the heat exchange requirements

Prof François Maréchal
IPESE-IGM-EPFL
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Process performance evaluation

Resource

materials
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Products


·m−
p (Cc,pHh,pOo,pNn,p)

Heat losses WaterSolids Gaseous

Waste ·m−
w(Cc,wHh,wOo,wNn,w)

Energy
Water Air Inert GasFuelElectricity
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Process simulation : 
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Process analysis : process units

Raw
materials

Products
By-Products

Energy
Services

Prepare

React
A + B = C

Purify

Recycle

package

HEAT WATER ELECTRICITY

WASTE

COLD “STREAM”
to be heated up
heating requirement

HOT “STREAM”
to be cooled down
cooling requirement
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Heat transfer requirement interface

Heat transfer

Heat transfer

Process unit operation

Thermo-chemical conversionMaterial streams

Material streams

Electricity

Heat-Temperature-Profile

Cool at the highest temp.

Heat-Temperature-Profile

Heat at the coolest temp.

Process unit operation

What are the streams that do require heat transfer ?

Characterise them with Heat-Temperature profiles 

Heat transfer

ṁs[kg/s] = ms[kg/kgproduct] · ˜̇Mp[kgproduct/s]

ṁs[kg/s]

Ė+[kJ/s]
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---> To be heated up
Examples

-Distillation boilers
-Reactants Preheating
-Cooling water
-Steam production
-Cold stream of a refrigeration cycle

Identify the heat transfer requirements

---> To be cooled down
Examples

– Distillation condenser
– Exothermic reactor
– Fumes
– Steam condenser
– Hot stream of a refrigeration cycle

T

H

T

H

Hot Streams Cold Streams

Q̇ = �ṁc

� Tout,c

Tin,c

cpcdT ⇥ ṁccpc(Tin,c � Tout,c)

Target State

Inlet State

Heat load

Heat/temperature profile Heat/temperature profile

•Environment
•to process unit operation

•Environment
•from process unit operation
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Process requirements can be defined with different levels of detail
Te

m
pe

ra
tu

re
 T

Heat requirement

Thermodynamic 

requirement

Technological 

requirement 

(e. g. steam 

condensation)

Utility  requirement (e. g. 
produce steam)

Ta

Boiler fumes

Different process heat transfer interfaces

Boiler
Air

Natural gas

Steam
production

Hot water 
loop

Heating
requirement

In
cr

ea
si

ng
 le

ve
l o

f p
ro

ce
ss

 m
od

ifi
ca

tio
n

Black box

Grey box

White box
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Defining Unit Operation Interfaces

Unit i

Separation

Steam

Cooling water

Electricitiy

Condensate

Alternative

Unit i

Process 
flows

Process 
flows

T

Q

Cold stream

Hot stream

Black box

grey box

white box
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Unit operation MAK

MAK

48°C

Malt : 15 °C

Corn : 15 °C

Fresh Water : 15 °C

Hot Water : 80 °C

Actual process representation

Hot

Water

Tank
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100

80°C

T

48°C

Q (kW)

MAK

48°C

Malt : 15 °C

Corn : 15 °C
Hot Water +

Fresh Water : 15 °C

Vessel heating

MAK

48°C

Malt : 15 °C

Corn : 15 °C

Fresh Water : 15 °C

Hot Water : 80 °C

Actual process representation

Hot

Water

Tank

MAK

48°C

Malt : 15 °C

Corn : 15 °C
Hot Water +

Fresh Water : 15 °C

48°C

48°C

48°C

Heat transfer requirement

7639

40°C

Unit operation

Producing hot water
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Mixer representation


