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Where are we ?

✓Energy efficiency project evaluation
✓DT min
✓Heat recovery
✓Heat exchanger network design
• Improving the heat recovery
• Integrating the energy conversion units
• Exergy analysis of the energy conversion 

system
• How can mathematical programming help us
• Evaluate energy efficiency projects
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Defining Hot and Cold streams of a process

Analysing the process energy requirement
Modifying the process operating conditions

Integrating heat pumps
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Example : Brewing process

LENI Systems

Energy perspective : What do you see ? 

Energy bill (electricity, gas and water)

Waste handling

Maintenance and operation cost

Environmental regulation


Boiler

Refrigeration
Washing

Hot section
Cold section

Natural gas (steam boiler) 3133 kW

Steam 2819.7 kW

Cooling water 1578.7 kW

Refrigeration 465 kWe

Steam vented 455 kW
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Process requirement analysis

Malt Water

Mashing

Masche

Filtration

Water

Wort
Cooking

Hop

Cooling

Fermentation

Chilling Pasteurization et Packaging

Beer

Wort

Wort
Yeast

Steam

Requirement per kg of products

Cleaning in Place

Water

Husk 

Water

System boundaries

? Bio methane ?

? Recover ?
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Definition of the process requirements
• Process streams

– Flows are related to the process unit operation
– Flows are related to the material conversion

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

• Utility streams : The way the unit process receives 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
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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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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



fr
an

co
is

.m
ar

ec
ha

l@
ep

fl
.c

h 
©
In

du
st

ri
al

 E
ne

rg
y 

Sy
st

em
s 

La
bo

ra
to

ry
- 

LE
N

I-
IG

M
-S

TI
-E

PF
L 

20
12

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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Hot Section of Brewery : hot water injection

CIP

29.94 [t/h]

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

Other examples are given in the lecture notes
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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
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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


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 MAK
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Hot Section of Brewery : definition of streams

CIP

29.94 [t/h]

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
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Recover waste heat lost in the environment

WOK : evaporation

WOKC WOKCS

WOK

WOKV

To stak

T(K)

Q(kW)
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Example : Cleaning in place system























 




















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
















  













15°C
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Conclusions on streams definition

• Forget utility streams
• Analyse process unit operations

– define the needs
• Injection

– go back to the origin
• Isothermal mixing

– a priori no non isothermal mixing before 
knowing the pinch location

• Streams leaving/entering the system in 
equilibrium with the environment


