
A standard methodology is developed for fermentation modeling using AVEVA Process simulation (APS). Based
on the Indpensim dataset1 for penicillin fermentation, the results demonstrate the potential for chemical engineering software to be used for bioprocess
modeling and optimization of cost of production and feeding strategy for fermentation. This project is part of FerroFlow, a pre-CVR startup that aims to develop
bioprocess unit operations using chemical engineering software.

Degrees of reduction analysis in addition to elemental balances
16 variables → only 5 determined from experimental data
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• Product reaction 𝑆𝑢𝑔𝑎𝑟 + 𝒀𝑶𝑺,𝒑   𝑂ଶ + 𝒀𝑵𝑺,𝒑 𝑁𝐻ଷ + 𝒀𝑺𝟐𝑺,𝒑 𝑃𝐴𝐴

+ 𝒀𝑺𝟑𝑺,𝒑 𝐻ଶ𝑆𝑂ସ  ⇔  𝒀𝑷𝑺,𝒑 𝑃𝑒𝑛𝑖𝑐𝑖𝑙𝑙𝑖𝑛 + 𝒀𝑪𝑺,𝒑 𝐶𝑂ଶ + 𝒀𝑾𝑺,𝒑 𝐻ଶ𝑂 

𝑆𝑢𝑔𝑎𝑟 + 𝒀𝑶𝑺,𝒈   𝑂ଶ + 𝒀𝑵𝑺,𝒈 𝑁𝐻ଷ + 𝒀𝑺𝟐𝑺,𝒈 𝑃𝐴𝐴 ⇔  𝒀𝑿𝑺,𝒈 𝐵𝑖𝑜𝑚𝑎𝑠𝑠

+ 𝒀𝑷𝟐𝑺,𝒈 𝐶𝑖𝑡𝑟𝑖𝑐 𝐴𝑐𝑖𝑑 + 𝒀𝑪𝑺,𝒈 𝐶𝑂ଶ + 𝒀𝑾𝑺,𝒈 𝐻ଶ𝑂 

• Growth reaction

• Maintenance reaction 𝑚௦ 𝑆𝑢𝑔𝑎𝑟 + 𝑚௢   𝑂ଶ + ⇔ 𝑚௦ 𝐶𝑂ଶ + 𝑚௪ 𝐻ଶ𝑂 
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Based on established methodology in Villadsen et al., Bioreaction Engineering Principles3

Scientific advantage → Allows direct tesƟng of alternaƟve product formaƟons if 
balances do not reconcile with measured industrial data

 Viscosity (Goudar et al. 19992)

 kLa (Goldrick et al. 20151)

 DO2, DCO2 (Villadsen et al. 20153)
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𝑘௦: 𝑀𝑒𝑡𝑧𝑛𝑒𝑟 𝑎𝑛𝑑 𝑂𝑡𝑡𝑜 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡

𝑁: 𝑖𝑚𝑝𝑒𝑙𝑙𝑒𝑟 𝑠𝑝𝑒𝑒𝑑

𝒓𝑵𝒂 = 𝒌𝑳𝒂 (𝑶𝟐,𝒔𝒂𝒕 − 𝑫𝑶𝟐)
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$52.14/kg

 Penicillin and biomass concentration, kLa, viscosity and
fermenter mass validated

 Optimization based on 2 targets: LCO minimization and
final fermenter volume

 Optuna optimization in Python
 Constraints: variation of feeding of water for discharge

and precursor (PAA) feeding

Characterization

Validation - Optimization

$36.86/kg

Standard methodology for 
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Techno-economic assessment 
capabilities for bioprocess

Optimization of fermentation 
control and feeding strategy in APS
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