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Capture relevant (inherent biological)
variation & critical attributes

Understand impact on process

performance & product quality

Establish risk-based thresholds and
robust (automated) process decisions

@ Descriptive measurement

What happened?

@ Diagnostic data fitting
Why did it happen?

(3)) Predictive modelling
\) What will happen?

{ \4) Prescriptive control

How can we make it happen?
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Basics of Raman spectroscopy
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From spectrum to read-out
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Upstream processing  reeding strategy optimization

Bolus
Off-line _ Sl
e X “ - »-. Automated
a o " \ Automated
3. o 1 3 3 4 5 8 7 8 8 ot o2 . Bolus
g Feed control ) MchElapudTim'(Dm')
6? Rarman Glucose R |
1 model  pip fead Feed pump
controller = ' l
: T = @& T U T T R B =
Automated (target: 2 g/L) o
o, "ol
pH —o I

Glucose (g/L)
- r:v (;. da

7
Batch Elapsed Time (Day)

%
TUDelft !

DOI: 10.1002/btpr.3371



Upstream processing
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Downstream processing
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I Opportunities & challenges

Insight Evaluation

Development Transferabillity

Automation Early-stage use
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Signal distortion
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Signhal understanding | Set-up

Quantify peak and intensity shift

]
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Four matrices

Demi water

Synthetic media

Synthetic media (25 g/L glucose)
Synthetic media (50 g/L glucose)

Four peaks

Immersion probe window (406 cm-)
Water HOH-bending (1642 cm1)

Media sulphate (981 cm)
Glucose COH-bending (1125 cm-)

Work performed by
Maarten Klaverdijk

Four process parameters

Temperature
Bubbles
Biomass
Viscosity

Klaverdijk et al. (2025)



Signal understanding | Sulphate peak example

Work performed by
Maarten Klaverdijk

2-6% decrease due to peak shift 7-8% intensity decrease ~44% intensity decrease
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Understanding the impact on data from different systems
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Signal understanding | Biomass

Work performed by
Maarten Klaverdijk
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Model calibration | Single compound data

Validation data
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Klaverdijk et al. (2025) under review



Approach

Calibration data

Total

Source

Model calibration | Comparison of approaches

Comp.

Exp. time time

Standard PLS ~36 Process
Single PLS 16 Exp.
compound IHM 16 Exp.
HM-synthetic PLS 125 Synthetic
HM-augmented |  PLS 12+48 /fu r;’;‘zsnst;’ ]

Work performed by
Klaverdijk

Maarten

rRMSEP (batch + fed-batch)

Flexibility

Glucose Ethanol

Biomass

*Only batch data validation
Fed-batch performance: 30%, 62%, 88%

Isolated and/or synthetic data can help speed up implementation
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Klaverdijk et al. (2025) under review
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Work performed by
Maarten Klaverdijk
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Model calibration
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Klaverdijk et al. (2025) under review
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