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Advanced Process Modelling

Physical properties

* Liquids/solvents, etc.

= Solid(s) considered to crystallize

*  Solubility/driving force description

ha

Temperature control
*  Sensor model
* Control model/PID

Liguid & PSD Sensor
* Solute concentration
* Quantiles, PSD

_compaosition_senszo

o PSD_sentor

Crystallizer unit operation model

*  Active mechanisms
* Equipment & impeller specifications Blank_outiet
* Initial hold up and composition

o Re create experiment in silico

Digital Twin lifecycle

Estimate kinetic parameters

! Digital Twin applications:
! scale-up, batch to continuous,
optimization, control



Models

PERCEPTIVE Process Systems Enterprise |l % BPSE

ENGINEERING
Statistical, Empirical or Data Driven Models Mechanistic & Empirical Models
* Control: Dynamic Models * Dynamic & steady-state Models
» Calibration: Static Models * Calibration: Data rich lab-scale experiments
Created from Created from
* Designed Plant Tests * Science-based understanding of key phenomena

* Historical Process Data Rate expressions for kinetic phenomena

Super-saturated
’

/I Meta-sta blty
re
s

Labile

Concentration

Under-saturated

Dynamic Model - Mechanistic Model
for Control for Digital Design A D“ ~
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Digital Design Vision

* Lab scale — In-silico/virtually

* Construct the flow sheet to represent the manufacturing process within gPROMS FormulatedProducts
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Available crystallization mechanisms
PED_senzo
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Digital Design Workflow

Lab-scale experiments g PROMS]

Perform kinetic
experiments

e Re-create experiment in silico

Estimate kinetic parameters

MODEL VALIDATION
General
F Standard Deviation * Meas.red Yalies 4 Predicted Vahies View: Measurements Plot

Gl {
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Well-mixed crystallizer
(batch mode)

Digital Twin applications:
Scale-up, Tech transfer,
optimisation, control = S S
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Application to the Pharmaceutical Industry

Design-to-Production Scale-up Challenges

A “validated” environment Scale-effects & PAT

4 N

N O
NS

* Due to the validation requirements,

material produced during commissioning
must be destroyed.
* Places an emphasis on identifying models
with minimal process data.

|
28th March 2019 ADDOPT DIGITAL DESIGN SHOWCASE, LONDON




Digital Twin

i Workflow_Development —-&@x D,Btecu‘hnn Output (Flowsheet_20190319_115110) [

Workflow: gFP-PharmaMV Continuous Crystallisation

Time 923,000 ]
N - PLPE Al I ESTk s X -0=Z0

Accurate Solubility range:
Temperatus: 51 50 degC
Azstons mass fraction saluts fras): 0.4465 o 1

ADD _O-P T Walchdog: System Status Controer. glFORMUU\TE

Change flowrate between 2.3 and 3.5 gimin

1 Opantarp |

Feed flowr... |3.40

D 2. Online Adaption | s Adaption Time Left (sec): 300
1
Control Structura
3. Closed Loop (APC) (s 1. Manipulsted Vaniable: Feed flowrate
2.Conlrolled Variable: MSMPR 5 SSR

Start 19 Mar 19 12.2553.200 19 Mar 19 122645310 Range: 1m 58.26 End 19 Mar 19 122751420
Supersaturation 147 144 -=
. 145 .3
MSMPR 5 146 45
Resp (Y) Setpoint :
Pl 1.44 bt =Tty
142
) $S MODELLING - £
Feed flowrate CSP
[g/min] 380
Feedrate Out 360
[g/min] 340
3.20 ' = -
39 tiar 19 12:25:59 19 fiar 19 12:26:59 <
18 Mar 19 15:5245.040, ] 19 Mar 19 12:27:54.420

Output Topology: Flowsheet Stream tables: Flowsheet Properties

= = Tasks
< SyncPharmaMV

= = Processes

P Flowsheet
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Digital Twin : Platform for Virtual Experimentation

G Workflow_Development —ex |} Execution Output (Flowsheet 20190319 115110) |
Workflow: gFP-PharmaMV Continuous Crystallisation

ADD®PT Walchdog: System Status: Contiotter glFORMULATE

Time 923,000 ]
N - POPPOE i S L&d|X-m|S|m;

Accurate solubility range

Tempersture: 510 50 degC
Acalone mass fraction (saluta fres): 0.4485 10 1

Change flowrste between 29 and 3.5 gimin

1. Opontocp | et

Feed flowr... | 3.40 =

Adaption Time Left {sec): 300

Control Structure
1. Manipulated Vanable: Feed fiowrate
2. Conlralled Variable: MSMPR 5 SSR

=-0

Start 19 Mar 19 122553200 19 Mar 19 122645310 Rangs: 1m59.2s Endt 19 Mar 19 122751420
Supersaturation 147 a4
MSMPR 5 o] 45
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1.44 ettt e
142
) 7 8|FORMULATE  #owance process wopeLus
Feed flowrate CSP 5
[g/min] 3.80
Feedrate Out 360
[g/min] 340
220 . 4
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18 Mar 19 15:52.45 040 119 Mar 19 122751 420

Output Topology: Flowsheet Stream tables: Flowsheet Properties




Integrated Digital Twin, Case Studies
and Examples

- lT
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Continuous Crystallisation Digital Twin

\ * Through the ADDoPT project, a
Digital Twin was developed for the
Continuous Crystallisation process
as part of the CMAC Open day
2018.
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Twin Screw Granulator

* ADDOPT Case Study to integrate a
Twin Screw Granulator gPROMS
FormulatedProducts model with
PharmaMV.

* Goal to develop a controller that
Virtual will maintain quality attributes
Process when the process is adjusted with
_____ minimal physical process testing.
Controller

* Further details in Gavin Reynolds
presentation.

s|eusis paigndiuep
S|eudis painseain

<
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Continuous Direct Compression

Control & monitoring platform

Virtual process

Manipulated signals

phai rmamvv
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Pharmaceutical Spray Dryer

* Fully integrated into Dryer

e Operator User Interface and
J workflow

* Flexible inlet/outlet temperator
control using heater, aspirator and
feed pump.

{:} Operating Mode Selection

Controlled Varlables  yalue OOl Control Type  Setpoint  Low Limit  High Limit

2
Outlet Alr Temp °C 0.00  OFF Setpoint ~ 0.00 0.00 0.00
| Inlet Air Temp  °C 000 orF | [Setpoint | [000 0.00 0.00

_ Manipulated Varlables  Value On/Off  Control Type  Setpaint Low Limit  High Limit

|
Heater % 000  OFF Limits 0.00 100.00 I

' Aspirator ) 000 OFF | [sewomt -] [000 | [oo [0
‘ Foed Pump % 000 ofF | [ Setpoint - 0.00 0.00 0.00

" FUTURE MANUFACTURING
RESEARCH HUB




From Digital Design to Operation

From Digital Design to Digital Operation

15:25 Taking mechanistic models from R&D and Andy Mitchell - Perceptive Engineering
Engineering into Operations Niall Mitchell - Process Systems Enterprise

15:45 How process simulation can influence the Flavien Susanne - GlaxoSmithKline
control strategy of a Drug Substance asset

16:05 Application of hybrid models for Advanced Gavin Reynolds - AstraZeneca

Process Control of a Twin-Screw Wet
Granulation Process
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Journey & Future Directions

Gtegrated Digital Twin, Journey & Future
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Common Vvision

Enabling Advanced Digital Design of Pharmaceutical Therapeutics (ADDoPT)

More than just a common vision!
ADD®PT

ADDoPT Science Meeting

Theme: Work package interconnectivity and beyond
Fitzwilliam College, University of Cambridge

09:30 — 09:45 Links with REMEDIES App A “continuous drug substance manufacture”
[Stewart Mitchell (U. Strathclyde)]

09:45 — 10:30 Links with REMEDIES App B “continuous drug product manufacture”
lllustrated through HME, spray drying & crystallisation applications [Andy
Mitchell (PEL) and Niall Mitchell (PSE)]
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Consistency in communications!

Everyday example of communication gone wrong!
* Ordering a coffee

* Workflow

* Place order

Ask for name

Wait for preparation
Receive and enjoy!
Reality is a little different

Definition

N\
4

| to join t;ings together or to

“join things together”

Ensured through demonstrators & application cases
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Streamlined workflows & interfacing (1)

Integration of PharmaMV interface within gPROMS FormulatedProducts
release ( )

Release notes & document

h mamMv 1.1.1.5 Integration with PharmaMV to enable Digital Operation
% g“?‘. Q:ontents d DgtalOp

The required components to allow for integration of gPROMS FormulatedProducts to Perceptive Engin-
eering’s platform, namely PharmaMV have been included in this release. This will allow for the usage of
the mechanistic models developed and validated within the gPROMS FormulatedProducts environment
3 Digital Twins or Virtual Plant. The interface can subsequently be utilised to develop data driven Model
Predictive Controllers [MPC) or Soft Sensors for the process, by step-testing or performing Pseudo-Ran-
dom Binary Steps (PRBS) on the Virtual Plant to mimic the real process. This was developed as part of
the Advanced Digital Design of Pharmaceutical Therapeutics (ADDoPT) project.

Contents iii

1 Introduction 1
L B 10 1 1

ki

2 gPROMS Configuration
2.1 gPROMS Installation. ..
2.2 gPROMS Setup - Ubranes
2.3 gPROMS Setup - TaskfnrWarmeS‘ynnhanmatDn
2.4 gPROMS Setup - Logic within the Schedule.. .
2.5 gPROMS Setup - Process Mm:hfcamnsfDrF'harmaM‘u’Eynchmnmaﬂnn

N on oL L R R

Mare details can be found in the help documentation on the integration which can be found in
examples -> Model Deployment -> PharmaMV Integration within the installer.

3 PharmaMV Configuration
3.1 Interface Handler Configuration ... .. ... e
3.2 Measured Signal Configuration. ... ...
Signal ConfigUration . ... ... .o e e e e e e e
Adding Measured SIgNals.. .. ... e
3.3 Actuation Signal Configuration . ... ...

e B |

——
= 2 O o
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Streamlined workflows & interfacing (2

Streamlined coupling of Digital Twin to control environment
** PharmaMV task configuration s

| gPROMS FormulatedProducts Utilities 1.0.0 (beta) - Default Workspace

File Tools Workspace Window Help

gPROMS project: | C:\Users\davids\Documents\Fluid bed granulator.gP]-FP Select gPROMS project \
Edit— . Experimental data import——
[ m: i ; . i 1 v
"% 7 Open PharmaMV task configuration.. . Select process:  Batch_fluid_bed_granulation
B ﬁ . gPROMS variable to PharmaMV tag specification
— - - e y
Copy Cut Paste Save Save as Open data New data
import project | import project o Gy LeE L

Q J i% gPROMS FormulatedProducts Utilities 1.0.0 (beta)

Interval 5 v =300 5 v Increment | Delete

anulator.FBG_block.Drying_report.solid_temperature("Granulate”) C v 1= solid_temperature K v Increment | Delete

retd.Liquid_source.Liquid_source_block.Data_block.mass_flowrate  kg/s v ;= mass_flowrate ka/h v [ ]increment | Delete
t1.Liquid_source.Liquid_source_block.Data_block.mass_flowrate2  kg/s v| = mass_flowrate2 ka/h v Increment Delete
Create Task Cancel

28th March 2019 ADDOPT DIGITAL DESIGN SHOWCASE, LONDON



ADVANCED DIGITAL DESIGN OF PHARMACEUTICAL THERAPEUTICS

Taking mechanistic models from

R&D and Engineering into
Operations

Andy Mitchell (Perceptive Engineering) amitchell@perceptiveapc.com

Niall Mitchell (PSE) n.mitchell@psenterprise.com




