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ABEProcess __________________giF,]

[ ABE — Acetone, Butanol, Ethanol ]

* Along history of solvents produced by fermentation
— Bio-butanol (Pasteur) 1861
— Bio-acetone 1905
 The Weizmann process for ABE patented in 1915
* First ABE plant (UK) 1916
* Deployment globally between the 15t and 24 World Wars

 Production in Russia and South Africa into the 1980s

*  Production in China in 2000s
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Micronising profotype development g1

e Output of the prototype between 0.5 Kg/h -5 Kg/h
> Miscanthus = output reached 7kg/h ¢
> Wheat straw = output reached 5 kg/h v

* Final particle size in a range between 150-450 um
» Wheat straw D80 - 490 ym

> Miscanthus D80 - 410 ym

* Minimizing the energy demands in a range between 15-25%
> Wheat straw = energy saved between batch and continuous processes reached 30% v
> Miscanthus = 40% of energy saved v/
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MetGen used aerobic fed-batch fermentations
« E. Coli as production platform

* Growth phase performed in batch-mode

* Productionin a feed phase

limiting substrate (energy source)
Mass/heat transfer
CO, heat capacities of an
= installation — together
O, with broth characteristics
— pose process limits.

daughtercellsTdesired product (enzyme)
this is what cells naturally do | this is what we want
Balance

The balance is influenced by
» process conditions (T, pH, pressure)
» feed rate (profile)
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* Fermentative strategy

> Butanol tolerance

> Inhibitor tolerance

Faster growth rates

> Improved sugar uptake rates

Process Improvements
e High productivity fermentation
e Continuous solvent removal

Adaptive Laboratory AFP™ bench scale
Evolution testing

Normalised ABE Productivity (g/L.h)
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Pervaporation for ABE recovery _gF 1

4+ Cost of substrate Integration of
#+ Product toxicity: = Organophilic pervaporation and
= Low product titers clostridial fermentation Higher productivity
= Low productivity = using a membrane-based in situ
> High purification costs product recovery technique (ISPR)
- High waste water volumes - Selective prOdUCt withdrawal from )
> Energy-intensive separation reaction medium Decreased water consumption

Lower steam consumption

Pervaporation
) unit

Applicable to (fed) -batch &
continuous processes

Lower production price
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Pervaporation for ABE recovery _gF ]

Pervaporation
=%+No fouling observed in the entire course of the experiment for POMS and PDMS

=+Room for improvement in design of industrial membrane modules for integration with
fermentation processes

Fermentation
=Productivity increase / improved water footprint
=Further use of lignocellulosic hydrolyzates as feedstock ongoing

Integrated tests

= Potential of technology clearly demonstrated

=2-fold lower energy costs using patent pending technology

=*Pilot scale: further improvements towards fluxes/productivities needed

- The ButaMexT project has received funding from the European Linion Horizon 2020 Research and inncvation Programme under grant agreement n® 640462




Integration and upscaling _______gF .1

Conclusions: from lab to pilot scale
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1. Biorefinery: Converting waste into resource to

obtain high added value products — Biopolis

2. Collaborative experience optimizing and
upscaling agrobiologicals products - Iden
Biotechnology

- The ButaMexT project has received funding from the European Linion Horizon 2020 Research and inncvation Programme under grant agreement n® 640462




