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Introduction

Model based optimization and control as part of J&J digital strategy

DAP2CHEM as innovation catalyst
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Successful PoP to implemented use case

Implemented use case to Innovation Program

The self-optimizing plant and efficient learning
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Model based optimization and control: Digitize knowledge

Predict scale up

best process developed & executed Optimize process dynamically

Integrate Quality
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Draw a map & find the best route GPS suggests best route
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Process model Model based optimization Closed loop control
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DAP2CHEM as Model Based Innovation Catalyst

Real time data assisted process development and production for chemical applications

J&J use case: solvent swaps @Q ®
&
Impactful
—— [—]
Solvent A Solvent B
- Optimal for reaction - Optimal for crystallization
- High solubility for Active - Low solubility for Active
Pharmaceutical Ingredient Pharmaceutical Ingredient
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DAP?CHEM

Governmental funded cross-industry research
program

Specific Al-control use case including hybrid
modeling

Understand benefits, challenges and investments
(infrastructure, process, people) for Al-based closed

loop control
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DAP2CHEM as Model Based Innovation Catalyst

Impactful

1] A

SolventA SolventB
- Optimal for reaction - Optimal for crystallization
- High API solubility L - Low API solubility
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Results of pilot plant PoP

B Standard introduction
I Model based control

Performance

Publications

»  Elmaz, Furkan, et al. "Reinforcement learning-based approach for optimizing
solvent-switch processes.” Computers & Chemical Engineering 176 (2023):
108310. (https://doi.org/10.1016/j.compchemeng.2023.108310) -

+  Ulderico Di Caprio et al. “Hybrid modelling of a hatch separation process”
Computers & Chemical Engineering Volume 177, September 2023,108319

Solvent -30%

Time -40%

Cost-30%




The Art of Scaling Innovation

From Proof-of-Principle to first successful implementation in the plant

@ Accurate predictions of process values and
reactor solvent composition

Batch 51 ‘ Batch 54 ‘ | Batch 57 (blind testing)
2025 solvent swap usage per product :

B ProductA fﬂ
B ProductB hl '

i

Model temperature
predictions are within 3 °C of

s

Product C actual plant measurements | |
| Standard Deviation ® Measured Values -® Predicted Values
. Rest Batch 51 Batch 54 | Batch 57 (blind testing) ‘

Product D

Model volume predictions
follow same dynamics as
actual plant measurements

e - '

| Standard Devistion ® Measured Values -8 Predicted Values
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The Art of Scaling Innovation

From Proof-of-Principle to first successful implementation in the plant

@ Accurate predictions of process values and
reactor solvent composition Qo

Batch 51 ‘ Batch 54 ‘ | Batch 57 (blind testing)
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Ongoing need for experimental validation!

Optimization leading to solvent and cycle time
reduction
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The Art of Scaling Innovation
Model based optimization enabled improvement cascade €2MM yearly savings

1. Solvent reduction

Solvent A

2. Cycle time reduction
;/_ : 3. Labor efficiency

| 4 Bateh scale-up
L

5. Autonomous operation

J&J Innovative Medicine



The Art of Scaling Innovation

From first successful implementation in the plant to Innovation Program

s
10% Product C
6% Product D

16% Product B

58% Product A

2025

12% Rest

21% NPI12

67% NP1

2037

Factor 3 increase in solvent demands for solvent swaps!
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The Art of Scaling Innovation

Roadmap for solvent switches

@ sice: sie2 @ sites

Process step 1 Optimized solvent swap implemented
Product A
Process step 2 Modelini comileted; Final eerriments comﬁleted but analitics Eendini; Imﬁlementation Q4 2025
Process step 1 Modeling completed; Experimental validation ongoing; Implementation strategy TBD
Product B Process step 2 Modeling to be started; Experimental validation ongoing; Implementation strategy TBD
Process step 3 Modeling completed; Experimental validation ongoing; Implementation strategy TBD
Process step 1 Mechanistic modelinﬁ failed due to hiih comﬁlexiti; EerrimentaI ilanninﬁ for PAT based modelini onﬁoini
NPI A
Process step 2 Modeling to be started
Process step 1 igh complexity; First experiments failed (oiling out); Planning for CMO support
NPl B Process step 2 Modelinﬁ completed; Final experiments to be completed in Q3 2025; Implementation Q4 2025
Process step 3 Modelinﬁ to be started Eost launch ifocus on cicle timei
Process step 1 Modeling ongoing; Experimental validation to be discussed
NPIC

Process step 2

Modelini onioini'i Exierimental validation to be discussed 10




Next steps — the self-optimizing plant

Expansion over unit operation portfolio
Cryogenic dosing Reaction fingerprinting

time horizon [*C]

Work-up

um Measured_temperature over

Crystallization
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godel‘lv:Tcycle’Atyfzcal workflow for omemercial batch B7% scale
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Thank you!

Johnson&Johnson
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