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▪ Process streams 
• Flows are related to the process unit operations of the factory 

▪ Raw materials/products 
▪ Mechanical power/electricity 
▪ Support of production (water, gases, catalysts) 
▪ Waste 
▪ Packaging 
▪ Offices 

▪ Utility streams : The way the process units receive the energy needed. 
“slave streams” 

• Flows calculated to supply the energy requirement 
• Flows that depend on the energy efficiency 
• Flows related to the energy cost 
• Distributed energy (steam, cooling water, glycol water) 
• Related mechanical power or electricity consumption

Definition of the process requirements 3
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Process Energy use 5

Heating requirement : , Cost of heat requirement :  

Cooling requirement : , Cost of cooling requirement :  

Refrigeration requirement : , Cost of cooling requirement : 

·Qheat =
nc

∑
c=1

·Qcold cheat[CHF/kJ ] ⋅ ·Qheat[kJ/s] ⋅ top[s/year]

·Qcooling =
nh

∑
h=1

·Qhot ccool[CHF/kJ ] ⋅ ·Qcool[kJ/s] ⋅ top[s/year]

·Qref =
nh

∑
h=1

·Qhot,Thot<Tamb
cref[CHF/kJ ] ⋅ ·Qref[kJ/s] ⋅ top[s/year]



▪ From raw materials tanks to process unit conditions 
▪ From process unit to process unit 
▪ Heat to realise process unit operation 
▪ From process units to tanks 
▪ From process units to environment

Hot and cold streams 6



---> To be heated up
Examples

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

---> To be cooled down 
Examples 

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

Identify the heat transfer interfaces 7

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



Existing heat exchangers 8

ṁ2, cp2, T2

ṁ1, cp1, T1

·m2, cp2, T3

·m1, cp1, T4

ṁ2, cp2, T2 ṁ2, cp2, T3

ṁ1, cp1, T1
·m1, cp1, T4

T

Q

T2

T3

T4

·Q = UAΔTlm = UA
(T2 − T1) − (T3 − T4)

ln(T2 − T1) − ln(T3 − T4)

T1

·Q = ·m1cp1(T1 − T4)

·Q = ·m2cp2(T2 − T33)



Mixing unit is a heat exchanger 9

ṁ2, cp2, T2

ṁ1, cp1, T1

(ṁ1cp1 + ṁ2cp2), T3

ṁ2, cp2, T2 ṁ2, cp2, T3

ṁ1, cp1, T3ṁ1, cp1, T1

(ṁ1cp1 + ṁ2cp2), T3

T

Q

T2

T3

T1
Q̇mix = ṁ1cp1(T3 � T1)

Q̇mix = ṁ2cp2(T2 � T3)

Mixer are hidden heat exchangers, when well positioned (all temperatures above or below the pinch) they are cheap heat 
exchangers. When one of the 3 temperatures is on the other side of a pinch, the mixer is penalising. In the example above the heat 
of the hot stream above the pinch Tp is needed to heat a cold stream above the pinch. After the heat recovery it can be send to 
the mixer with the cold stream that should have been preheated by a hot stream below the pinch.



Process unit heat transfer interface
10

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

The goal will be to understand the role of energy in the process unit operations and its technological realisation 
Define the heat transfer interface required to realise the unit operation

Heat transfer

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

ṁs[kg/s]

Ė+[kJ/s]

Define the heat transfer interface as a function of the specific interface

·QT[kW ] = qT[kJ/kgproduct] . ·Mp[kgproduct /s]

·QT[kW ]

·QT[kW ]



Process requirements can be defined with different interfaces 11
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Defining Unit Operation heat exchange Interfaces 12
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Hot Section of a Brewery : definition of heat exchange interfaces 13

CIP
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Pousse

Bâche

Mitigeur

MAT + MAK

MAK

MAT

Centrifugeuse

WOK

Filtre 2001

102 °C48 °C

Malt

Mais

Eau, 15 °C

Malt

Eau, 15 °C

48 °C

Vap

65 °C

Vap

Maische

75 °C

Dreche

78 °C

Vap

102 °C

gaz

102 °C

liq

102 °C

Trub

Traitement du moût

10 °C

Eau, 15 °C

Frg

Eau, 80 °C

Eau, 15 °C
Vap

80 °C

C

D

E

F

G

H

A:

B:

I

cp = 3.87 [KJ/kgK]

10.94 [t/h]

99.8 °C

1 2

3

4

5

6



Mixer representation 14



Hot Section of Brewery : hot water injection 15
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Other examples are given in the lecture notes



Unit operation MAK 16

MAK 
48°C

Malt : 15 °C

Corn : 15 °C

Fresh Water : 15 °C

Hot Water : 80 °C

Actual process representation
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Hot Section of Brewery : definition of streams 18
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Recover waste heat lost in the environment 19

WOK : evaporation

WOKC WOKCS

WOK

WOKV

To stak

T(K)

Q(kW)



Example : Cleaning in place system 20























 





















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cleaning in place requirements 22
















  













15°C



• Streams leaving the system (in the condition of market) 
– Minimum target temperatures (equilibrium with ambience !) 
– Minimum pressure required (expansion ?) 

• Waste streams (do not waste heat or cold in the environment) 
– Heat recovery possible 
– Waste heat conversion 
– Recycle (material streams have also an energy value) 
– Emission control 

• Raw material preparation 
– Alternative raw materials : Waste streams ? 
– Preprocess locally to avoid expensive supply chains 

• Industrial symbiosis opportunities 
– Exchange with other systems

Do not forget the system limits 23


