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The Food & Beverage industry faces multiple challenges ...

INFLATION SUPPLY CHAIN DISRUPTION SUSTAINABILITY CONSUMER DEMANDS

‘\u

External

GLOBAL STANDARDIZATION

Internal
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The F&B industry is evolving again to meet these challenges

1784 1870 1969 TODAY
S
Industry 1.0 Industry 2.0 Industry 3.0 Industry 4.0

Mechanization Mass production Automation &
& Steam power & Electrification electronics

loT

Process automation & optimisation is one of the biggest focus areas for innovation by
food manufacturers, 73% of manufacturers are investing in process automation & optimisation
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ew path for the food and beverage industry

Status guo is insufficient to achieve production excellence, digital transformation is required.
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Digital Twins — Not only process models

Simulation Automation

Maintenance

Today’s Focus:
Process Simulation
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Overcome innovation barriers to sustainable F&B production with digital
process twins

Current situation:;

* Cost pressure means that over 65% of
companies are prioritizing product
innovation and process efficiency.

» Corporate responsibility targets
drive energy, water & waste reduction.

* Consumer guality demands are increasing.

* Result: F&B companies risk needing to
invest € millions to stay competitive

Typical benefits:

./
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2
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Increase process line uptime by up to
10% to untap €3-5 M annual revenue

Avoid €15-20 M CAPEX spend in
multi-factory process upgrades

Reduce water and evaporation energy
demand by >50% to remove impurities
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What questions might be asked to increase your company’s

speed of innovation and competitiveness?

How can | increase run time
of a protein concentration
process to meet market
demand?

How can | design a safe
process for multiple products
with no more than necessary

CAPEX spend?

How can | produce many
high quality recipes with a
shorter batch time to
differentiate my product in
the market?

How can | design an impurity
removal process with
minimal water & energy
usage?

The solution: Digital design of Food & Beverage processes
using physics-based process digital twins

SIEMENS



Advantages of physics-based process modelling

« Two types of modelling:

Data-driven Physics-based
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* Physics-based modelling:
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/ Experimental Data
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« Transfers better to other scales/equipment TEMPERATURE (C)

* Requires less experimental data

« Can be used outside of data range

(=)

(=)

« Takes advantage of well-known phenomena
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TANGENTIAL FLOW MEMBRANE

Permeate

P Membrane flux Membrane pressures
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Solution drop Pressure drop Pa
Permeate Carrier
Materlal
Feed 5
P. C TMP Rejectlon coefficient
R
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drop e e e S Jre Jii Rejection coefficient -
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P C, P, Cp'i
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FLUX MODELING

PUBLIC

Jp Permeate flux [ﬂngs]

TMP
P1pp Transmembrane pressure [Pa] = T - Lp . (PTMP - ﬂﬂreal)
2
R Membrane resistance [m 'pﬂ's]
TPM
Jr‘-"ﬂ-':r@;_-il
H
:
Retentate pe - Permeate Product
Tiea i : i
ATr real 4', i ﬂr[p Concentration
Artm
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R = Ryqter- Rpmduc[

1
Ryater = L_
p
n
Ay, P
Rprmiuct =|1-o. P
TMP
Jr _ PTMP
p n
Ay, \P
1-o. 2
TMP
LP
Lp water membrane permeability [mzkga {]
Rwater water membrane resistance [—mi;:“]

Rproduct product membrane resistance
Amm: osmotic pressure membrane difference [Pa]
o reflexion coefficient

n & p reflexion coefficient parameters

@
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FLUX MODELING
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OSMOTIC PRESSURE Ant
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Designation Characteristics NaCl rejection
RO90 Thinfilm composite 2 90%"*
** measured on 2000 ppm NacCl, 9 bar, 25°C L
p
Area 2
: m#/Pa/s
Part No.  Element type ——y._ " ) (kgllzo 5/-08/ )
527977 RO90-803 38 (409) v
525510  RO90- 28.1 /(302 1.40E-08
Permeate
/
y # Concentrate
Perforated Product Tube ?‘i::
Anti-Telescoping g
Cap
s Feed Water
gass -
2 3 EEFF
\Seml-Pcrmnblc
k- Permeate Membrane
Feod G el it ey
Solution
Permeate Carrier
Material
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Overview Case Studies
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Whey protein concentrate (WPC) production —
Improve uptime of ultrafiltration process to meet demand

Customer challenge

 Toreduce protein fouling in a WPC ultrafiltration process to increase process
uptime & reduce CIP frequency

 To meet product specification and capacity requirements

Solution

« Configure and calibrate physical science-based process model of ultrafiltration
process

+ Use optimisation techniques to identify operating conditions which reduce rate of
fouling and increase run time

Organization

Customer benefits

@} Reduced membrane fouling delivering up to 10% increase in process runtime

/‘ nghel’ prOdUCt|V|ty and rEdUCEd CIP +  Multi-tier modelling knowledge in the chain through
i]ﬂﬂ training program - PSE can help here
Streamlined experimentation and process upscaling to engineering and operations Tooling | o )
+ User friendly, complete, stable and documentec
modelling tools. I"-'1EJILi—LiEr user interfaces.
CAPEX savings
IN
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Recovery of beer from yeast slurry —
Improve process understanding and consistency

Customer challenge

* Yeast slurry after beer fermentation contains a significant amount of good beer

* Equipment exists to separate beer from yeast, but process know-how is
lacking The Beer Recovery Process Using CMF Technology

The recovered beer process is a 3 stage (and 3 day) process that consists of the following steps:

ng and at the end of fermentation

Solution

CMF = Ceramic Membrane Filtration

* Apply membrane models to calibrate the process and develop better process
understanding =B

+ Deploy models to aid in process prediction and operational decision-making

Customer benefits

wl

U2 Reduce operator efforts in process control

@/ﬂﬂ Improve beer removal from 60% to 80%

Financial benefit of $50-200k per annum, depending on brewery size
N
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Plant-based ingredient production —
Sustainable design of reverse osmaosis impurity removal process

Customer challenge

» Sustainable process design — performance evaluation of different configurations
* Minimize energy and water consumption in process
« Improve quality of product given varying feed impurity levels

Solution

« Configure and calibrate physical science-based process model of the reverse
osmosis process in SIEMENS gPROMS FormulatedProducts

+ Performance analysis using global system analysis
* Use optimisation techniques in gPROMS to identify optimum operating conditions

PROCESS IMPROVEMENT

Customer benefits

@} Better, leaner and more competitive designs

((w

\ 20% reduction in diafiltration water consumption

-
—
—1_]
L——

65% reduction in evaporation energy

Operating space discovery for optimal and consistent product quality
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SCOPE OF STUDY

Quality improvement of our products

Remove impurity with a new membrane process

Development of modeling tool
* New model for NF/RO

* Batch system

* Experiment at pilot scale

Tool for process performance
evaluation and scale-up

—

&
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PROCESS PILOT SCALE

PUBLIC

Diafiltration

water

l

Retentate

TN

Product

+

Impurity

Tank level constant

Permeate
Water & impurity

Scale-up to continuous ?
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FLUX MODELING — MODEL VALIDATION

1" Global specifications Recyde001 Laviel_senzor ||mp=mnc=liq || Imp_conc DS || Product DS

Feed _source
0.06
——Mesure 30.8 bars C48
0.05
——Mesure 38.8 bars CA8
| —s—Mesure 30.8 bars C30
0.04
. —4—Mesure 38.8 bars C30

Simaulation_duration

Flux (kg/h/m2)

Model Parameters

+ Probability of parameter lving batmaan (Final Value -o% Confdencs Interval) and (Final Yalug +o% Confiderca Interval) = o%
+ Tha t-valug shivws the parcentags acrracy of tha astimated parametars, with raspsct to the 05% confidanta ntarak
Mol Famzll f [T

Paraialir Walio Baoiiiil B0 F DO 0.01
Litralitration_unit 0000 D000
Static rasistanca: Custom anpinical modal - CLeTom nesistancs paramsiarns [awi) Lonong i
Litrafitration_uni _— .
Static rasistanoa: Custom emnpincal modal - CLEToM resistancs paramstans [awi) -0.0148600 | -0.01 FLELERILE | LR 0
Litralitration_uni 360 2360=
Staric rasistEnoa: Custom anpincal modal - CLETom resstancs paraetans [2w2) 1713380 3o ElES 2 75
Uitralitration_uni
SEaK rasisEanca: CUStIM ampinical Modal - CLSTom Mesitancs paramstarns (] -1.61506) -15i506 - 1. 00000 -1.00000| 000340131 | 000418167 0.00556623 | 38
Litrafitration_uni
Stabie ragicanca: CLCym ampirical moodl - CLSHM Macctanes PArmatons [Skama,_cck) 0.835206( OQS3505 0. 00000 100000 0000811576 |0.000072054 | 0.00120300 |85
Litralitration_unit . - .
Static rasistanca: CLSTom cmpincal Modal - CLSToM Mesitancs Parametars [Soma_powsr) 0.520874| OERIETH 0. 00000 100000 (0.000400820 0000587884 |D.OD07E2532 |B86.016 | D.000203467

Refaranca t-valua [S5%): 1.67252
Cligk here ko use abowe final values n future caloutabons
....... e et B b 4l a4 a Q
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FLUX MODELING

PUBLIC

PTMP Model Osmolalityalfalaval Model Osmolalityalfalaval Designation Characteristics NaCl rejection
] — L ROS0-48 ROS0-30 ROS0 Thinfilm composite = 90%*
p P ATt Lp (kg/mZ/Pa/s) 1.40E-08 1.20E-08 ** measured on 2000 ppm NaCl, 8 bar, 25°C
1 .
1 — 0. P Produit PRODUCT B PRODUCT A PRODUCT B PRODUCT A Part No Element type Area
T™MP o 0.835 0.924 0.835 0.924 : m2___{ saft) ~ur
- 527977  ROS0-8038/30 38 (409) Ea N2
p 0.521 0.566 0.524 0.571 525510  ROO0-8038/48 281  (302)
n -1.61 -1.20 -1.61 -1.20
MAPE(%) 8.5
Parity plot RO90-8038/48 Parity plot RO90-8038/30
0.06 | 0.05
»
- . y = 0.9943x -
0.05 y=0.9927x 2_
R?=0.9975 0.04 R? = 0.9943 -
0.04 .
B _ 003 —5t
1] a #*
= 0.03 . 2 - oy
= ) = L
<& ¢ 0.02 ‘—l-‘
0.02 T“‘ >
S 3
oo 0.01 B
: o
. .’l"
000 W 0.00
0.00 0.01 0.02 0.04 s 006 0 0.01 0.02 0.03 0.04 0.05
Experimental Experimental
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PUBLIC

FLUX MODELING

P Model Osmolalityalfalaval Model Osmolalityalfalaval
J, =L, ™p Madel RO90-48 RO90-30
P p AT Py Lp (kg/m2/Pa/s) 1.40E-08 1.20E-08
1 — 7. P—m Product Product B Product A Product B Product A
TMP o 0.835 0.924 0.835 0.924
P 0.521 0.566 0.524 0.571
n -1.61 -1.20 -1.61 -1.20
. Product A Product B
0.06

Mesure 30.8 bars C48

#  Mesure 38.8 bars C48
Mesure 30.8 bars C30

i Mesure 38.8 bars C30
= Muodel 30.8 bars C48

Mesure 30.8 bars CA8
Mesure 38.8 bars CA8
Mesure 30.8 bars C30
Mesure 38.8 bars C30
Model 30.8 bars C48

0.04

‘g —— Model 38.8 bars C48
£ — o st e Frtetn
0.03 —— Madel 38.8 bars C30 - ‘
E < —— Muodel 38.8 bars C30
z 2
o k4
0.02 =
0.02
0.01
001
o K
0 5 10 15 20 25 0

D5
%DS

@
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PUBLIC

REJECTION MODELING

80.00%
C 70.00%
f =1 Pt 60.00%
rejL —
Cf 1 _, 50.00%
-
= 40.00%
1 =~
f - 30.00%
reji — )
J 1+ fli.ft?bl 20.00%
10.00%
. - kg
Cpi Mass concentration of component i in permeate stream [F] 0.D0%
C;; Mass concentration of component i in feed stream [ﬁ] 0.0E+00 S5.06-06 1.0E-05 15E nsj 1[::-;1[;?5]2_55 05 3.0E-05 3.5E-05 4.0E-05
W
Jv Membrane permeate linear velocity [?]
a; & b; Rejection coefficient of component i at temperature Ti 80.00%
70.00% |
y = 0.9787x ' u
60.00% | R=0.9511 ..
Coefficient Impurity Product e —
50.00% |
. o e e
ai 1.8749E-05 0 E 40.00% - e
30.00% =
. . 1 L
bi -1 1
=
20.00% |
10.00% -
0.00% |
0% 10% 20% 30% a0% 50% 60% 70%
Experimental O
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PROCESS OVERVIEW

PERMEATE

Permeate
Stage 3

Permeate
Stage 1

Permeate
Stage 2

Storage

EVAPORATOR

TANK

[

LK
4K

F Y » RETENTATE

Water

diafiltration
Tank

@
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PUBLIC

NANOFILTRATION CONTINUOUS

Continuous 3 stages of 5*4 membranes, total 60 membranes

Designation Characteristics MaCl rejection [ﬁ
ROa0 Thinfilm composite Z 90%" ¥ PERMEATE
“* measured on 2000 ppm NaCl, 9 bar, 25°C rmeate Permeate Pertgate
Product Stagel Stage 2 Stag
Part N Element type o e
° m2 [ sqgft) AL tank
527977  ROO0-8038/30 38 (408) T L 35% DS

525510 ROS0-B038/48 281 (302)

1 » RETEMNTATE

Water
diafiltration
Tank

DIAFILTRATION CONCENTRATION
&
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PROCESS SIMULATION

PUELIC

[ Fle Edt view Eroky Run Tools Tabs  Help

i EHBE BB X wirs g =P
Poggects
E - [l B sunh
05 EG_industrial_continu_ROS0_CS3_3hars VgPROM2OZS_1_0_VE
< [ Modeh
T Contiruous ALFALAVAL,

0 Contimaypus_ALFALAVAL
0 Custoeny_membrang_rejection_mods_gie
m Custoen_membiane_staik_redaance_model_gfF
i Praceises
F Cominuou ALFALAVAL_
F Comimuoun ALFALAVAL
= Optimeation
T Glabal System Anslyse
T Msterial Systamms

ol Uttrafiltration_unit (Membrane_gFP)

Design mode | Off

g 0 Comtigows,_** == == ===

intefuce  iréeduce linguage  Topelosy  gPROMS langusge

FPROMS FamulsbesdF oducs J23.1.0

Propectie

B AR R i Rk = -1 5 O 8 @

sond_fiqusd_persm

ol Ukrafiltration_unit (Membrane_gFP)

Glabal, Dessgn mode  Off v

Equipment and operaticn
Membrane resistance

| Membrang 5¢I:cti-.'rr,'

Eguiprnent and operation Static resistance
Membrane resistance Static membrane resistance model | Custorn empincal e
Membrane selectivity The custom static resistance is defined in "Custom_membrane_static_resistance_model_gFP
i ] Custom resistance purameters  Lp T
Diafittration o, | -3 134E-01
Scheduling o™ et
£ awl 1
Initial conditions g sigrma_cst 0.835206
- - . £ sigma_power 0.321744
Inatial condit C it E
iong Compasite £ Matkgimol) 0
Initial conditions: Liquid ; n -1.61506
Dhynamae resistance
Page 26 Dynamic membrane ressstance Off o

Retained species

| Selected SpECies

. Ultrafiltration_unit th’l:mhrun:_gFP]

Design mode O w

Eguiprnent and operation
Membrane resistance
Membrane selectivity

| Diafiltration

Selected species e

|| Diafittration split fraction per stage

fmnuritf _

Product

Medel for membrane selectivity Rejection coefficient

Rejection coefficient model

Custom ke

The custorn retention factor is defined in 'Custom_rmernbrane_rejection_model_gFP'

| Custorn retention pararmeters

Custom pararneter name

Impurity 1.BT49E-05
# Product 0

5

Cancel

Humber of sta

1
2
3

MNumber of diafiltration inlets

[N

Feset all

Rjechod

_aligid )

Help

F
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PRODUCTIVITY OPTIMISATION - GSA

El00.00
7. BO0O0E-0S * £000. 00
5500.00
T, TOOOE-05 4800, 00 0.00007747432
P EOOOOE-05 4700, 00
. - T sE00.00 00000766152
U 1 soooce-ot 5500.00
(] + 540000 e
[ 5300, 00 “-E‘ 00000757561
& . » szoo.on B
B oome-os s0.00 == 0.0000748871
1) 5000.00 .1}
E 1. 000 -5 4p00. 00 Tﬁ
= . ' sBo0.00 M= 0.000074038(
7. LOGOGE - 05
w M 4700.00 E —_
E 1, OOO0E -0 . . * 40000 ou- .:E_ 0.000073178F ____
4500.00 BE )
z.‘s.-s-:-:-:-x o5 4400. 00 = (]
= i . i 4300, 00 "; 00000723191 £
E_:.a:-:-:-:c-u:-s . | az00.00 ) o
. * ' 4100. 00 i =
| # . 0.0000714B0E ~—
5. . | 4000. 00 ; @
i . 1500, 00 =] =
L EODOE -0 —
. ! 000,00 e 0.000070601£ g
. BOROOE-0IE ® . * ke 1700.00 E @
. H . AE00.00 = 0.000063742 E
£, Q0O00E-05 300,00 °
3400.00 e =
0. 200000 0 300000 0. 400000 0. 500000 01 EQOO0O 0 T 3 200000 0.500000 1l.00000 3300.00 E 0, 0000653 'E
m
Split diafiltration stage 1 & 2 3 =%
o.000068024 =
00000671658
0.0000663065
0. 0000654474
0.0000645883
0, 200000 0400000 D, S0003 0.BOC00
Split diafiltration stage 1 & 2
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PUELIC

PRODUCTIVITY AND WATER CONSUMPTION OPTIMIZATION

* FEEMEATE

Membrane surface (m2) 2280 TPM (bars) 29 m| “Fermeate | [ Permeate |
. ! Stage1 " stage2 | Stage3 |
Membrane RO90-8038/30  m2 38.0 Product e -
PRODUCT A 0.4 stage 1 35% DS
1 on stage 1
Configuration split 0.6 on stage 2
Productivity 2438 Tecom/year 8063 Tcom/year
Productivity 0.23 TMS/h 0.75 TMS/h
Water comsuption 129.5 kgeau/kD5 24.7 kgeau/kD5
Evaporation rate 0.9 T/h 3.0 T/h
PRODUCT B 0.5 stage 1
1 on stage 1
Configuration split 0.5 on stage 2 =. o] RETENTATE
Productivity 18375 Tcom/year 17813 Tcom/fyear
Productivity 1.72 TMS/h 1.66 TMS/h
Water comsuption 6.7 kgeau/ kDS 4.4 kgeau/kD5
Evaporation rate 3.0 T/h 3.0 T/h

Split diafiltration water on stage 1 & 2 is more efficient

@
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PUBLIC

CONCLUSION

* New model approach for nanofiltration and reverse osmosis with osmotic pressure
measurement method for complex product

* Easy implementation through custom model interface
* Parameters estimation tool for model validation

* GSA tool for scale-up and Quality by Design approach

Page 29 Unrestricted | © Siemens 2024 ROQUETTE
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In summary

* Food and beverage industries face a host of challenges including:
» Cost pressures and supply chain uncertainty
+ Sustainability
- Changing consumer demands

 Digitalization and digital twin creation is a growing trend

* Process modelling is a key part of digitalization which can help:
» Scale up confidently
* Improve process efficiency
+ Maintain product quality
* Manage uncertainty
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