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Tomorrow is another day

How hard is it to be prepared?

Advanced clinical 
understanding

Patient specificity

(un)Availability of raw 
materials

Disease X

Complex supply chains

Sustainability
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Evolving strategic objectives

Cost ↓Quality ✓ 
Environmental 

Footprint ↓
Product 

Availability ↑

AdministrationTransportStorageTransportManufacturing
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Cell-based systems – an example

4

Bioreactor

Cell culture

Individual cell

• Complex
• Expensive
• Low productivity
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Challenge #1: Scal(in)ability

Macroscale

Mesoscale

Microscale
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Challenge #2: Sustainability

3 Ensure healthy lives and 
promote well-being for all 
at all ages

9 Build resilient 
infrastructure, promote 
inclusive and sustainable 
industrialization and foster 
innovation

12 Ensure sustainable 
consumption and 
production patterns
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Challenge #3: Novel insights, new priorities

Responsiveness and Preparedness

Patient centric approach

In-time, at-point manufacturing

Can we revolutionise the way 
we design product lifecycle?
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From discovery to delivery

Enough drugs for all, on time.
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Bioprocess design: from tradition to the future
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Design decisions Operating conditions
Product 
profile

Final 
process

• Size of UOp
• Materials
• Process step 

sequencing

• Temperature
• Pressure
• Flow rates

It works!

It meets the specs

It’s inflexible

It costs

Isolates process steps
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Bioprocess design: from tradition to the future

10

Design decisions Operating conditions
Product 
profile

Final 
process

Design decisions Operating conditions

Digital experimentation
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Come with the end in the mind first
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Discovery 
Early phase 

development 
Late phase 

development 
Commercial

Demand 
Uncertainty

Manufacturing 
Scale

Process & 
product

Optimisation
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Sustainability 3 ways

Enough Accessible Greener
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Options, is all we need!
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Optionality

Agility

Responsiveness
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Digital innovation at the service of biopharma
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Accelerated process development
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Discovery 
Early phase 

development 
Late phase 

development 
Commercial

Demand 
Uncertainty

Manufacturing 
Scale

Process & 
product

Optimisation

Challenge #1: Performance variability 

Challenge #2: Unit operation interdependency

Dr Steven
Sachio

Dr Foteini 
Michalopoulou

Daniele 
Pessina

Dr Andrea
Galeazzi

Dr Ranjith 
Chiplunkar

• Design space 
identification 

• Hybrid modelling
• Process control

• Sachio et al. (2023), Chem Eng Res 

Des, 197, 800-820

• Michalopoulou & Papathanasiou 

(2025), Dig ChE, 14, p.100215

• Galeazzi et al.(2025), J Chrom A, 

21:46619

• Pessina et al. (2026), DChE, 

1;18:100292

• Chiplunkar et al. (2026), Chem Eng 

Sci, 16:124255



CASSS, CMC Strategy Forum North America Dr M. M. Papathanasiou

Smart process design
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Sachio et al. (2023), Chem Eng Res Des, 197, 800-820

Sachio et al (2024), J. of Chrom. A, 1722, p.464890
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- Over 20k combinations 
screened and assessed

- 5k design spaces generated
- Trade-off quantification
- Process resilience to variations

Material screening in chromatography

Python package: 
dside.readthedocs.io

Beta software package 
also available

Computer-aided framework for process design

   l     se 
 e el   ent 

  te    se 
 e el   ent 

Sat: Satisfied points
Vio: Violated points
DSp: Design Space

Dr Steven
Sachio

https://dside.readthedocs.io/en/latest/?badge=latest
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Increasing adaptability, reducing experimental data
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Galeazzi et al.(2025), J Chrom A, 21:46619

- Good predictions with only 9 
experimental runs

- Data quality plays a key role (more 
than quantity)

Predictive modelling 

in crystallisation
Design space for

Prot A chromatography

- Transfer learning for 
crystallisation modelling

- 4 crystallisation systems 
assessed

- Consumption and 
growth kinetics captured

Pessina et al. (2026), DChE, 1;18:100292

Pessina et al. (2024), Industr & Eng Chem Res, 64 (24), 12025-12035

Generic 
mechanistic 

model
ANN

Daniele 
Pessina

Dr Andrea
Galeazzi
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Transferring system and product knowledge
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System 1

System 2

Mechanistic model (new) Exper. data Black box model Prediction

Transfer 
learning

   l     se 
 e el   ent 

  te    se 
 e el   ent 
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A toolkit from simulation to monitoring
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Michalopoulou & Papathanasiou (2025), Dig ChE, 14, p.100215

Michalopoulou & Papathanasiou (2024), AIChe J, e18600

Michalopoulou (2025), Incorporating AI Tools Into Downstream Process Optimization, Bioprocess Online

   l     se 
 e el   ent 

  te    se 
 e el   ent 

The case of ion-exchange chromatography
Dr Foteini 
Michalopoulou
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A     k                                 (    ’ )
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Input Layer:
• All operating conditions → understanding of the process 
• Dynamic Inputs → understanding of the time step

Hidden Layers:
• 1-4 hidden layers → uniform structure
• 16 – 256 neurons

   l     se 
 e el   ent 

  te    se 
 e el   ent 

Michalopoulou & Papathanasiou (2025), Dig ChE, 14, p.100215

Michalopoulou & Papathanasiou (2024), AIChe J, e18600

Michalopoulou (2025), Incorporating AI Tools Into Downstream Process Optimization, Bioprocess Online

Dr Foteini 
Michalopoulou

Output Layer:
• Concentrations at end of column
• Predictions at CSS
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Hedging against uncertainty

21

Commercial

Demand uncertainty

Process performance 
uncertainty

• Complex dynamics
• Poor prior knowledge
• Digital tool (in)accuracy
• Analytical error

• Patient specificity
• Non-seasonality
• Emergency scenarios

Discovery 
Early phase 

development 
Late phase 

development 
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Preparing for the worst case

22

Chiplunkar et al. (2025), Syst and Contr Trans Proceedings of ESCAPE35

In design

In distribution

Sarkis et al. (2025), Comp Chem Eng, 

p.10901 

- Data driven design space using GPs
- Guide and minimise experimentation
- Estimation of probability of constraint 

satisfaction Dr Ranjith 
Chiplunkar

Dr Miriam 
Sarkis
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Cross-cutting challenges

Enough Accessible Greener

23

• Demand 
uncertainty

• Personalised 
routes

• Unexplored 
scale up effects

• Rapid scale up
• Costly 

processes
• (lack of) 

Analytics

• Wet-lab 
experiments 
driving

• Scale-out 
manufacturing

• Ultra-cold 
chain logistics
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Robustness vs footprint trade-off

Species 
concentrations

Purity targets

Candidate 
designs

Techno-economic 
analysis

Life cycle analysis

Experimental data

Upstream production Downstream purification

Nominal design
Upstream variability

Methodology

Key results

Impurity quantification

Upstream

Background LCA

Sarkis et al. Comp. Chem. Eng. Decarb. And Circ. Economy SI, 205, 109454

A digital approach to sustainable process design

Dr Miriam Sarkis
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A digital approach to sustainable responsive supply chains

Deterministic 
Optimization 

Fixed design to meet demand 𝑫𝑳𝑽

Unforeseen demand 𝑫𝑨𝒅𝑽 

Feasibility region

Process scale manipulation

MU SU

S
a

m
p

li
n

g

Space 
quantification

Demand

Present

Process

Scale-out

Nominal design
Key results

Sarkis et al (2025). Comp. Chem. Eng. Foundations of Computer Aided Process Design, Special Issue, 201, 109197

MU SU

Sustainability

 

Cost

 

FlexibilityScalability

~98%

~29%

Quantification of manufacturing trade-offs between

Dr Miriam Sarkis

Methodology
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Future directions

Sarkis et al. Curr Op Chem Eng 44:101027
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