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cPFL Definition of the process requirements

= 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
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EPFL The process units
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ePFL Process Energy use

\ —J» \Waste treatment

—3p| C/BC |

@‘__:D—» i-»[ i ]-o>?_> e B _»

Reaction

A+B->C+D Separation +
I:I D for ABC

Heat [kW]
Heating ‘

Define Temperature enthalpy profile of the heat exchange

Heat = M"(Q(T,P,X),T*,T")

Power [kW] Cooling ’

nC
Heating requirement : Q,, . = Z Q.10 Cost of heat requirement : ¢;,, [CHF/kJ] - O, [kJ/s] - t,pls/year]

c=1

1y
Cooling requirement : Qcooling = 2 0, Cost of cooling requirement : ¢, [CHF/kJ]- Q. [kJ/s] - t,pls/year]
h=1

T,
Refrigeration requirement : Qref = Z Qhot,Th0t<Tamb, Cost of cooling requirement : ¢, [CHF/kJ] - Qref[kf/s] ‘Lol year]
h=1
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=P~L Hot and cold streams

= 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
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£PFL ldentify the heat transfer interfaces
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Heat Ioad‘\/\ Q = —m, /T o

Target State

*Environment

cpch = mccpc(Tin,c -

-

Inlet State

*to process unit operation
Tout,c)

*Environment
efrom process unit operation

Hot Streams

---> To be cooled down
Examples
—Distillation condenser
— Exothermic reactor
—Fumes
— Steam condenser
—Hot stream of a refrigeration cycle

T

4

H

>

Heat/temperature profile

T

--->To be heated up
Examples
-Distillation boilers
-Reactants Preheating
-Cooling water
-Steam production
-Cold stream of a refrigeration cycle

Cold Streams |

4

H

Heat/temperature profile




EPFL Existing heat exchangers

m27cp27T2

o—

L

~

my, Cpy, Ty
S

—e

_J

mlacprl

my, cpy, 1y

m27cp27T2 . m270p27T3

ml) Ccp1, Tl
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my,cpy, 1y

Q = UAAT,, = UA

T

T2

T3

Tl

T4

(T2 T Tl) B (T3 T T4)

ln(Tz - Tl) — ll’l(T3 — T4)

.

Q = mycp(T) — T})



£PFL Mixing unit is a heat exchanger

m27cp27T2
@

(rhicpy + macps), T3

—

ml? Cp17 Tl T2 sza: - m2cp2(TQ - T3)

m27cp27T2 m270p27T3

(mmicpr + macpe), T35 T3

—

Tl Q

mi,cpy, T :
1,CP1, 13 Qmiz = micp1 (T3 — T1)

ml) Ccp1, Tl

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

M IPESE . . . .
Industrial Process 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
ana Fnorgy Systems N the mixer with the cold stream that should have been preheated by a hot stream below the pinch.

Engineering



=PFL Process unit heat transfer interface

Heat-Temperature-Profile

E+ [IZCJ/S] Process unit operation Heat at the coolest temp.
Electricity [~
Q[kW [Heat transfer
— pd
7

_

Material streams

. Process unit operation
Material streams Thermo-chemical conversion/

) Heat-Temperature-Profile
Cool at the highest temp.

ms [kg/S] ’Qr\}k/vV]Heat Itranlsfer /

Define the heat transfer interface as a function of the specific interface
mslkg/s| = ms|kg/kgproduct] - M, |kgproduct/s]

QT[kW] — QT[k‘]/kgproduct] : Mp[kgproduct/s]

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
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EPFL Process requirements can be defined with different interfaces
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_|

Temperature T

@

Boiler fumes

Black box

Utility requirement (e.g. |

produce steam)

Grey box

Technological
requirement
(e. g. steam

condensation)

White box

Thermodynamic
requirement

odification

Heat requirement

Increasing level of proce

t

Natural gas

—

>
=

Boiler

|

&
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production

Hot water
loop
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EPFL Defining Unit Operation heat exchange Interfaces

Cooling water
A e
T L]
: Cold stream _  Electricitiy
Black box team |:
[ 5 - |
E B\
s : i Process
— flows
Process ' — > >
flows = O" —
grey box : : —
\’—. > 4>
white box ; : Unit i l
¢ Separation :
............ Condensate
Q IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Hot stream Alternative }
Unit i
M |PESE
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EPFL Hot Section of a Brewery : definition of heat exchange interfaces

MAT + MAK cp=3.87 [:KJ/kgK]
Maische Filtre 2001 | e
—> aische ! ap
- MAK | 45.c _aeec e msee D
Eau, 15°c L e 102°C
L N 78 °C
10.94 [t/h] *
D
— 48°C Dreche
G
Mitigeur Vap
au, 15 °C
Pousse
>
80°C
4
F H
Béche
L gaz
CIP 102 °C WOK
Eau, 80 °C K 29.94 [t/h] -
Frg A
Eau, 15 °C E Trub
=R e
! * liq
° C I Y 102°C
10°C 99.8 °C / \
5 T
Traitement du moit Centrifugeuse
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cPFL Mixer representation

Elowsheet representation
T1=80°C
M1 =1.0 ka/s
Cp1=4.0 kJ/kg/°C
T3=31.25°C
O—> M3=4.0kgls

Cp3=4.0 kJ/kg/°C
T2=15°C ‘
M2 = 3.0 kg/s

¢

Cp2=4.0 kJ/kg/®

Cold streams above the pinch
T1=80°C Tib=45°C
M1 =1.0 kg/s M1 = 1.0 kg/s
Cp1=4.0 kJ/kg/C
140 kW T3=31.25°C
O———> M3=4.0kg/s
s 140 KW Cp3=4.0 kJ/kg/°C
- T2b=26.7 °C
M2 = 3.0 kg/s M2 = 3.0 kg/s

Cp2=4.0 kJ/kg/°C

Hot streams below the pinch

M IPESE
Industrial Process
and Energy Systems ‘g,
Engineering

Heat transfer requirement
a Hiddan heat exchanger
T1=80"°C . T1b=31.25°C
M1=10kgls __ .~ M1=1.0kgls
Cp1=4.0 kJ/kg/°C
T3=3125°C

195|kW | O——> M3 =4.0kg/s
Cp3=4.0 kJ/kg/°C

T2b = 31.25 °C
M2 = 3.0 kg/s

T2=15°C
M2 = 3.0 kgls
Cp2=4.0 kd/kg/"C !

T 4 ' Q1=140 kW .
80°C : .
Q2= 140 kW

ot

! Process pinch
/ : Hot temperature

L Q (kW)
—

45°C

31.25°C
26.7°C

15°C

55 140 195
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cPFL Hot Section of Brewery : hot water injection

Other examples are given in the lecture notes
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A MAT + MAK cp=3.87 [:KJ/kgK]
Malt Vap ) |
Maisch Filtre 2001 | 3| v
Mais —— |MAK . 65 °C s T T T ap
3 102 °C 75°C !
Eau, 15 °C e @/l e 102°C
, c Lol N O I O O 78 °C
2
10.94 [ V
D
B:
Malt — 48°C Dreche
H M- . G
Eau, 15 °C wigeur Vap
Eau, 15 °C
Pousse
>
80 °C
4
F H
Béche
L | gaz
CIP 102 °C WOK
Eau, 80 °C K 29.94 [t/h] -
Frg A
Eau, 15 °C E Trub
! * liq
° C I Y 102°C
10°C 99.8 °C / \
5 T
Traitement du moit Centrifugeuse
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ePFL Unit operation MAK
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/ Actual process representation \
Hot Hot Water : 80 °C
Water
Tank
Y
Malt: 15 °C
Corn:15°C MAK
48°C

Fresh Water: 15°C ——>

16



r u u /
[ P :: L U n It ope ratl On MAK Actual process representation
Hot Hot Water : 80 °C
Water
Tank
\ 4
Malt : 15 °C
Comn:15°C MAK
48°C
T 1 \J Fresh Water: 15°C ———>
80°C
/ Vessel heating
/ 7 Malt : 15 °C
48°C Comn:15°C 3| MAK
40°C Hot Water + 48°C
/ Fresh Water : 15°C ——> —

\

39
/ Heat transfer requirement w \
Malt: 15 °C
Corn:15°C
Hot Water + 5
 IPESE Fresh Water : 15 °C
inqustialPocess 7 NG 4
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cPFL Hot Section of Brewery : definition of streams
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MAT + MAK

Maische
Mais —>@ 48 °C 102 °C 65 °C 75 °C
Eau, 15 °C

cp=3.87 LKJ/kgK]

Filire 2001 |

T T 3|V

| .
102 °C

Traitement du motit

gl N 78 °C
10.94 [t/h] v
D
B:
Malt 48 °C Dreche
MAT G
— Miti
Eau, 15 °C iigeur Vap
Eau, 15 °C
Pousse
>
80 °C
4
F
Béche
CIP
Eau, 80 °C K 29.94 [t/h]
Frg A
Eau, 15 °C @ E Trub
—>
Y A
6 N I
99.8 °C / \

Centrifugeuse
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=PFL Recover waste heat lost in the environment

To stak
‘ J
[LH
12 °c WK

WOK : evaporation

lig
102 =C

WOKC C WOKCS
WOK( >

\> | wokv
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Nom Tin Tout M
[C] [l ke/sl
WOK 8 102 16.2
WOKV 102 102 -

WOKC 95 95 2.3
WOKCS 95 25 2.3

T(K)

QkwW)

Q
kW]
1504
4513

4513
674
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cPrL
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Example : Cleaning in place system

Beer Filling

Water, 15 °C

3.816 kg/s

3.816 kg/s
Water,15°C N

65 °C

NaOH (Soda)

0.3816 kg/s
85C

3.1797 kg/s

4.7696 kg/s

¥

63.9 °C

35°C

Recovery

Steam
0.1554 kg/s

40°C

5.8272 ka/s

« — — -

60 °C Pre-rinsing
—_—

8.7408 kg/s

To waste water
Treatment plant
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EPFL cleaning in place requirements

|
B T

65°C

Washing

........................ K
Beer Filling \ 2 L
B ; : :
Final rinse ! o . Pre-rinse :
15°C ; (" \eo°g o
s | 35°CN__J 60°C

60°C /—\ 40°C
N
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EPFL Do not forget the system limits

Industrial Process

- 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
7

| stems \q
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