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What is Ethyl Acetate?

Fruity smell

Volatile

Aroma compound
fruits and fermented beverages

4.5 million tons are produced worldwide every year
Selling price is 1.28 $/kg (depends on global region)
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Extracting agent
Decaffeinating coffee

Solvent
Nail polish remover, glues

Environm. friendly
biodegradable
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What is Ethyl Acetate an Attractive Product?

- Considerable market volume (4.5 Mt/a)

- Selling price of 1.3 $/kg is ~50-70 % higher than for ethanol. -> Higher margin than for ethanol reference process.



Current production of ethyl acetate
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Current production of ethyl acetate

CropEnergies plans NN
Bio-ethyl acetate plant with | CFOPENEergies
50,000 tons/year in Zeitz Innovation from Biomass
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Current production of ethyl acetate

CropEnergies plans N
Bio-ethyl acetate plant with | CFOPENEergies
50,000 tons/year in Zeitz Innovation from Biomass
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Microbial synthesis of ethyl acetate
Unlimited growth of Kluyveromyces marxianus DSM 5422

Growth Production
Defined medium
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Microbial synthesis of ethyl acetate
Iron-limited growth of K. marxianus DSM 5422

Growth Produktion
Defined medium without iron supplementation
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What is Ethyl Acetate an Attractive Product?

- Considerable market volume (4.5 Mt/a)

- Selling price of 1.3 $/kg is ~ 50-70 % higher than for ethanol. -> Higher margin than for ethanol reference process.

-> Biomass can be sold as by-product (animal feed)

- EthAc can be produced by wild-type yeast. )
-> Less constraints on waste treatment.



Ethyl acetate synthesis
Aerobic fermentation with Kluyveromyces marxianus

in situ product separation

>

Gas-Konz.

Aerobic cultivation
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Low liquid concentration
Only low product inhibition
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Ethyl acetate synthesis in an optimized molasses medium
Batch process with iron limitation

Growth and product development
in molasses medium at pH 5.1; gassing 1 vwm
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« Short process duration
« Rapid separation of the ethyl acetate formed via stripping

* No product inhibition
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What is Ethyl Acetate an Attractive Product?

- Considerable market volume (4.5 Mt/a)

- Selling price of 1.3 $/kg is ~50-70 % higher than for ethanol.

- EthAc can be produced by wild-type yeast.

- Product does not accumulate in the reactor.

-> Higher margin than for ethanol reference process.

-> Biomass can be sold as by-product (animal feed)
-> Less constraints on waste treatment.

-> Decoupling of final product concentration from
initial sugar concentration.

-> 2G feedstocks containing dilute sugars can be
valorised.



Ethyl acetate synthesis in an optimized molasses medium
Batch process with iron limitation

Growth and product formation under optimal conditions
in molasses medium at pH 5.1; gassing 1 vwm
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« Very high biomass-specific productivity
*  67.4 % of the maximum yield (Y. = 0.49 g/g)
« Very high viability

= Process is suitable for repeated batch operation
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Ethyl acetate synthesis in an optimized molasses medium
Repeated batch process with iron limitation

(FE—> Growth and product development

in molasses medium at pH 5.1; gassing 1 vwm
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What is Ethyl Acetate an Attractive Product?

- Considerable market volume (4.5 Mt/a)

- Selling price of 1.3 $/kg is ~50-70 % higher than for ethanol.

- EthAc can be produced by wild-type yeast.

- Product does not accumulate in the reactor.

- Carbon efficiency is reasonable (0.35 g/g).

- Repeated batch fermentations are possible.

-> Higher margin than for ethanol reference process.

-> Biomass can be sold as by-product (animal feed)
-> Less constraints on waste treatment.

-> Decoupling of final product concentration from
initial sugar concentration.

-> 2G feedstocks containing dilute sugars can be
valorised.



Ethyl acetate synthesis in an optimized molasses medium
Non-sterile batch process with iron limitation

Growth and product development
in non-sterile molasses medium at pH 5.1; gassing 1 vvm
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Ethyl acetate synthesis in an optimized molasses medium
Non-sterile batch process with iron limitation

Growth and product development
in non-sterile molasses medium at pH 5.1; gassing 1 vvm

—-o-Lactose (sterile) -o-Lactose (non-sterile)
—e-Biomass (sterile) -=- Biomass (non-sterile)
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No contamination detectable at the end of the process

Fermentation possible under non-sterile conditions

aﬁ?\ll-lENngg;% Direct microbial production of the green solvent ethyl acetate Slide17 DRESDEN // \

DRESDEN Prof. Thomas Walther concept



Ethyl acetate synthesis in an optimized molasses medium
Non-sterile batch process with iron limitation

Growth and product development
in non-sterile molasses medium at pH 5.1; gassing 1 vvm
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« No contamination detectable at the end of the process

« Fermentation possible under non-sterile conditions
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What is Ethyl Acetate an Attractive Product?

- Considerable market volume (4.5 Mt/a)

- Selling price of 1.3 $/kg is ~50-70 % higher than for ethanol.

- EthAc can be produced by wild-type yeast.

- Product does not accumulate in the reactor.

- Carbon efficiency is reasonable (0.35 g/g).

- Repeated batch fermentations are possible.

- Fermentation process can be non-sterile.

-> Higher margin than for ethanol reference process.

-> Biomass can be sold as by-product (animal feed)
-> Less constraints on waste treatment.

-> Decoupling of final product concentration from
initial sugar concentration.

-> 2G feedstocks containing dilute sugars can be
valorised.



Computational upscaling and preliminary TEA
Repeated batch process with non-sterile molasses medium
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Dynamic process model was implemented in gPROMS
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Process optimization of ethyl acetate production
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Process optimization of ethyl acetate production

Blue bars: Reference scenario (published)

In silico analysis of different process designs reveals
potential for decreasing energy requirements.

Energy requirement

10

Stirrer Gassing  Cryo-cond.
(kWh ) (KWh ) (kWh )y,

Water requirement

L1 Lol

Cooling Cooling water Cold water

water (15°C, (2°C,
(15°C, reactor) cooler)
gassing)
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Summary & outlook
Repeated batch process with non-sterile molasses medium

Selling price of EthAc is 1.28 $/kg
(depends on global region)

i

0.25

021

w o 0157 Jankovi¢ et al. (2025)
X
~ . .
A Electricity 85.60 $/MWh
—»[- - 01}
é Cooling water  0.93 $/MWh
- 0.05 Cold water 11.68 $/MWh
“H
Coolant 62.44 $/MWh

OPEX*

TECHNISCHE Direct microbial production of the green solvent ethyl acetate Slide23 DRESDEN \

gEIIE\QED%SJTAT Prof. Thomas Walther concept ‘J



What is Ethyl Acetate an Attractive Product?

- Considerable market volume (4.5 Mt/a)

- Selling price of 1.3 $/kg is ~50-70 % higher than for ethanol.

- EthAc can be produced by wild-type yeast.

- Product does not accumulate in the reactor.

- Carbon efficiency is reasonable (0.35 g/g).

- Repeated batch fermentations are possible.
- Fermentation process can be non-sterile.

- Energy costs for product recovery are comparatively low.

-> Higher margin than for ethanol reference process.

-> Biomass can be sold as by-product (animal feed)
-> Less constraints on waste treatment.

-> Decoupling of final product concentration from
initial sugar concentration.

-> 2G feedstocks containing dilute sugars can be
valorised.

-> Profitable production process appears to be
feasible...at least for waste sugars



Envisaged: Demonstration of technology at TRL6

Sachsische Aufbaubank finances construction of a mobile demo plant

(start 01/06/2025)
Objectives: ~ |
Cooling unit : |
- Physical connection of all relevant unit P N
Operations Mixer /X _ [ Y 2N : | I >
M ) i | Storage EthAc
Waste medium | i L=
- Enabling of long-term repeated-batch | sorsenser | oot —0
fermentations |
Stock solution salts I »
. . Storage EtOH
- Modular design to test different process = @ i
variants A ter S M 3L
- Implementation in a mobile container A ol - H o
. . —_ > ! ' udge separator
for On'S|te teSUng Anaerobic digestion b \ 4

- Demonstration of technology at TRL 6
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Thank you for your attention

»Wissen schafft Briicken.«

Direct microbial production of the green solvent ethyl acetate Slide28 DRESDEN ﬁ
Prof. Thomas Walther .~ conce pt



	Standardabschnitt
	Folie 1: Direct Microbial Production of the Green Solvent Ethyl Acetate
	Folie 2: What is Ethyl Acetate?
	Folie 3: What is Ethyl Acetate an Attractive Product?
	Folie 4: Current production of ethyl acetate
	Folie 5: Current production of ethyl acetate
	Folie 6: Current production of ethyl acetate
	Folie 7: Microbial synthesis of ethyl acetate Unlimited growth of Kluyveromyces marxianus DSM 5422
	Folie 8: Microbial synthesis of ethyl acetate Iron-limited growth of K. marxianus DSM 5422
	Folie 9: What is Ethyl Acetate an Attractive Product?
	Folie 10: Ethyl acetate synthesis Aerobic fermentation with Kluyveromyces marxianus
	Folie 11: Ethyl acetate synthesis in an optimized molasses medium Batch process with iron limitation
	Folie 12: What is Ethyl Acetate an Attractive Product?
	Folie 13: Ethyl acetate synthesis in an optimized molasses medium Batch process with iron limitation
	Folie 14: Ethyl acetate synthesis in an optimized molasses medium Repeated batch process with iron limitation
	Folie 15: What is Ethyl Acetate an Attractive Product?
	Folie 16: Ethyl acetate synthesis in an optimized molasses medium Non-sterile batch process with iron limitation
	Folie 17: Ethyl acetate synthesis in an optimized molasses medium Non-sterile batch process with iron limitation
	Folie 18: Ethyl acetate synthesis in an optimized molasses medium Non-sterile batch process with iron limitation
	Folie 19: What is Ethyl Acetate an Attractive Product?
	Folie 20: Computational upscaling and preliminary TEA Repeated batch process with non-sterile molasses medium  
	Folie 21: Process optimization of ethyl acetate production 
	Folie 22: Process optimization of ethyl acetate production 
	Folie 23: Summary & outlook Repeated batch process with non-sterile molasses medium
	Folie 24: What is Ethyl Acetate an Attractive Product?
	Folie 25: Envisaged: Demonstration of technology at TRL6
	Folie 26: Acknowledgements
	Folie 27: Acknowledgements
	Folie 28


