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BUSINESSPROBLEM

Biomanufacturing processes are inherently complex and subject The core hypothesis in this thesis is that the
to variability, leading to significant challenges in maintaining

_ o decision-making workflow can be significantly
product consistency and efficiency.

improved by integrating a digital twin (a
dynamic, data-driven model that simulates the
biomanufacturing process), and soft sensors for
real-time monitoring and estimating critical
parameters.

DATASOURCES

Time series datawas collected from sensors across the four
reactors, focusing on critical variables typically monitored in
bioprocesses from 20 batches spanning from 2020 to 2023. g
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DataTypesand Format

Five-minute interval data from Pl Datalink 2018, which employed
interpolation to align timestamps across variables. Data was
saved as comma-separated values (.csv) to facilitate modeling.
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IMPACT

A digital twin such as the one
developed for this thesis presents the
company with greater process insight
and control than previously. By
constructing a dynamicand accurate

digital replica of the bioreactor
environment, the digital twin has the
potential to facilitate an in-depth,
real-time monitoring of the process.
This advanced level of monitoring can
enable the preemptive identification
and mitigation of potential process
variations before they are significant,
thereforereducing the overall
variation inthe manufacturing
process. By enabling the capability to
monitor cell growth through a
calculation, the soft sensor for
biomass concentration can validate
the measurements of current physical
sensors. Within the broader
biomanufacturingindustry, such
biomass measurements are validated
through offline laboratory tests. An
online validation allows the company
to adjust to cultivation conditions
immediately, ensuringthat the
bioreactor operates with in optimal
conditions. This possibility of control
allows the company to maintain
product quality, maximize yield, and
ensure regulatory compliance. This
can be done by detecting deviations
from expected patterns early,
potentially flagging issues before they
impact product quality or yield.

ENABLERS

»

INNEVATION

INPREVEMENT

Ina highlyregulatedindustrysuch as biomanufacturingprecise
controlof processvariablesduringmanufacturings notjustnice to
have- it is imperative Keepingprocessand qualityvariableswithin
pre-establishedcontrollimitsis crucial.Assuch, technologiessuchas
digitaltwinsand soft sensorscan providea solutionto reduceprocess
variationand allowthe potentialof processimprovement.

Oneimportantbarrierwhileimplementingtechnologiessuch as the
onespresentedin this projectis the need for multidisciplinargkills.
The modelingrequiresknowledgeaboutthe informationsystems,the
businessdrivers,andprocessknowledge.Therevas a learningcurve in
gettingsufficiencyto drivethe project.

The managementteam of the MSAT group was supportivein driving
digitalinitiatives.

The generalapproachwas taken:speakwithstakeholdersto gain
processknowledge.gatherdata, buildthe models,validatethe models
withreal-world data,and then engagewith expertswithinthe company
to gathertheirfeedback.

The proposedsolutionleveragessuchtoolsto drive process
knowledgeand improvementusingthe processdatafrom the company.
Buildingsuchtools can helpthe decisionmakersto make better
businessdecisions.

The improvemenimy solutionprovidedwas a proof of conceptof the
performanceof the tools.They wouldstillwouldneed to be further
refinedand implemented Neverthelessthey provedthat important
processparameterscan be estimatedusing processdata,and that
digitalrepresentatiomf the manufacturingprocesscan be developed
to drivecontinuousimprovement.

A bestpracticeis engagingwith technicalexpertsearlyin the process
and oftenwhiledevelopingthe solution.Furthermorebuildingsimple
toolsas a proofof conceptis usefulto validatetheirapplicabilitylf
wvalidatedthen more resourcescan be usedto improveand expandthe
scopeof digitaltoolswithapplicationson manufacturing.

mE“r'un“..:Hysnlutionfocusndon a specificpart of thebiomanufacturing

process.Similampproachescan be appliedto other stepsof the large
scaledrug manufacturingprocess.



