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1. BIOREFINERY CONCEPT
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2. SUGAR RELEASE

BIO-ALCOHOLS
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BIOGAS
BIO-FERTILIZERS

ENZYMES

$$$$

Proteins LipidsCarbohydratesWhole microalgal biomass
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PRETREATMENTS

Own 
enzymes

FERMENTATION

Commercial 
enzymes

SSF

Extraction

Fungi

Saccharomyces cerevisiae 
or Pichia stipitis or Clostridium 
saccharoperbutylacetonicum

Ralstonia eutropha
or Escherichia coli

BIOGASBIOGAS

ANAEROBIC 
DIGESTION

BIOFERTILIZERSBIOFERTILIZERS

Wastes

‒Ball mill
‒Steam explosion
‒Ozonolysis
‒Alkaline peroxide
‒Alkali
‒Acid

PRETREATMENTS

Digestate

‒Ball mill
‒Steam explosion
‒Alkaline peroxide
‒Alkali
‒Acid

1. Biomass composition 2. Maximum sugar yield

• High sugar yield →

3. Different enzymes cocktails
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4. FUTURE WORK

1. First screening 2. Enzymes evolution

4. Enzymatic hydrolysis

• Different
behaviour →
different
carbohydrates.

• Freeze-dried →
lower
degradation
compounds.

Fresh
february

Fresh
may

Freeze-dried
february

Freeze-
dried may

• High sugar yield →
low carbohydrates.

• In concentration, the
same sugar release.

• Freeze-dried
biomass → same
yields.

5. Pretreatments

3. ENZYMES PRODUCTION

Sugars
solubilisation on the

liquid fractions.
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Test Raw materials
Rati
o

Saline 
Solution

Control Sugarcane bagasse + Wheat Bran 1:1 

1 Microalgae x

2 Microalgae 

3 Microalgae + Sugarcane bagasse 1:1 x

4 Microalgae + Sugarcane bagasse 1:1 

PRETREATMENTS Optimization of 
conditions

ENZYMATIC 
HYDROLYSIS

Effect of new 
enzymes on

sugars release

FERMENTATION
Screening at 

different
conditions

Selection of the
best fermentables 

sugars

BIOGAS 

BIO-FERTILIZERS

The effect of 
different

pretreatment
Kinetics models

Re-use of 
digestate as 

fertilizer
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