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Cheese whey
8-10 L per kg of cheese produced

190 billion kg per year worldwide

High organic load (50-100 g/L COD, 90% of 

which is lactose)



Homolactic fermentation: C6H12O6 → 2C3H6O3

CO2VFAs
H2
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Cheese whey fermentation

Lactose

Glucose Galactose

Hydrolysis: C12H22O11 + H2O → 2 C6H12O6

Lactic acid fermentation: 
Acetic acid: C3H6O3  + H2O → C2H4O2 + CO2 + 2H2

Butyric acid: C3H6O3  + H2O → 0.5 4H8O2 + CO2 + H2

Propionic acid: C3H6O3  + H2 → C3H6O2 + 2H2O

Lactobacillus sp.

Clostridium sp.

Lactic acid
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Fermentation
UASB reactors

On-line gas monitoring (H2, CO2)

In-line VFA extraction unit

Inoculated with autoctonous anaerobic 

sludge (heat treated)
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35 °C, pH 5.0, no extraction 35 °C, pH 5.0, extraction

35 °C, pH 4.5, extraction 20 °C, pH 5.0, extraction Take-home message

The extraction system did not affect H2 yield

Butyric acid can be selectively extracted

Low pH increases VFA recovery, but decreased H2 yield

Low temperature can cause a shift to ethanol 

production
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Bioplastics 
Can be produced from fermented CW

4 g PHA / kg CW (7.5% carbon conversion)

Bio-based, bio-degradable polymers

Several applications: Packaging, cosmetics, 

medicals, 3D printing
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Dark 
fermentation 

reactor

Sheep cheese whey
230 kg CW
6.38 kgC-CW

PHA-rich biomass to 
downstream

1 kg PHA
0.48 kgC-PHA

Effluent 
Enriched MMC

0.90 kgC-X

Clarified CW

4.54 kgC-OA

Excess sludge to disposal 
or further valorisation

Retentate FCW

3.47 kgC-OA

Permeate FCW

1.96 kgC-OA

Membrane 
extraction

Selection
Reactor

Accumulation
reactor

H2 + CO2

Stage I Stage II

Stage III

Stage IV

23%C-OA

77%C-OA

Bioplastics
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CO2 recycling 
Microbial electrochemical process

Carbon-negative technology

CO2 conversion to green chemicals

50-60 kg product (acetic acid) / MWh
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Dairy processing Industry

Wastewater

Purified water

HyBioSol

Biochemicals/biofuels

Flue gas emissions

CO2 recycling



14References



15Acknowledgements

Pathfinder award nr. 19/FIP/ZE/7572PF (PIs: Dr Paolo Dessì & Dr Pau Farràs)

Research Professorship Programme on Innovative Energy Technologies 

for Bioenergy, Biofuels and a Sustainable Irish Bioeconomy (IETSBIO3), 

award no. 15/RP/2763 (PI: Prof. Piet Lens)

Students & researchers 

Fermentation & VFA extraction: Fabiano Asunis, Lisa Guiney, Harish Ravishankar, Patrick Maxwell, 

Stefano Trudu

CO2 recycling: Francesco Cocco, Marco Isipato, Dinesh Kumaravel, Tong Wenming



Thank you!


