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Circular economy: converting wastes to added-value products

« Anaerobic fermentations can turn organic wastes into high added-value
products




Mixed-culture fermentations to valorise organic wastes

« We need open mixed cultures of microorganisms (open fermentations)
to make the process economically and technically viable

Mixed cultures
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Organic waste can be converted to volatile fatty acids

« Anaerobic fermentations produce a mixture of volatile fafty 0

acids (VFA) HaC~ “OH
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Source: Atasoy et al. (2018). Bioresource Technology



There are modelling tools for glucose or protein fermentations

Glucose Proteins
Residence PoH re5|dence
time time composmon
Gonzdlez-Cabaleiro et al. (2015) Regueira et al. (2019)
PLOS One Biotechnol. Bioeng.
VEFA VEFA

B8 Group




But no modelling tools for cofermentation scenarios
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Objective: To model cofermentation processes
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We model the microbial community as an enzyme soup

Reality: Multiple species performing different or similar
metabolic functions

Model: One virtual species is able of performing all the metabolic
functions of the community
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One virtual microorganism does all the possible processes

1. Substrate tfransport
2. Active fransport of products

3. Na*/H* pump (pH regulation)
4. Passive transport of products
5. ATP production (ATPase)




Dynamic flux balance analysis
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Pathway selection is determined by a linear program

« Optimal pathways — Highest ATP production rate
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Modelling the cofermentation of gelatine and glucose
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Changing operational conditions favour different VFA
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The pH has a strong non-linear effect on pathway selection

« Proton motive force
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The pH has a strong non-linear effect on pathway selection

« Proton motive force

2 Acetate + 1 ATP «—— Glutamate ——> n-Butyrate + Ay,
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The energy required for tfransport also changes with pH

Active transport energy
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Validation: the model predicts well the product specirum...
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..as well as the trends of adding glucose to the fermentation

Experimental data Simulations
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Application: the model can be used as a design tool
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Targeting the substrate for bioplastic production

* VFA can be the substrate for producing polyhidroxyalkanoates (PHA)
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Targeting the substrate for bioplastic production
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Conclusions

« We can simulate cofermentations at different pH
values and proportions of glucose and protein.

 We envision this model as a process design tool to
design processes targeting specific VFA

roup



Take home message: we can target now specific VFA in
cofermentations Choose VEA
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