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New value chains to increase
biorefineries sustainability by the 

valorization of side-streams

Proof of feasibility
Production and purification 

of selected products and 
biocatalysts at large scale for 

further studies

Studies of specific
expected properties
Structure-properties

relationships
Model formula
Stable colloidal

suspension in water 
prepared

Additives incorporated
in cellulose films [4]

Identification of 
prefered routes and 

critical points in terms of 
safety, economic and 

sustainability [5]

Structures: SEC, 
Klason lignin

content, FTIR, 
NMR (1H, 2D, 31P), 

thioacidolysis,
LC-MS…

New functionalities due to 
new strategies and new 

compounds [6]

Expected specific
properties related to 

phenolic nature [3]

Residual sugars
Crosslinked phenolic

polymers
Poor solubility

High thermal resistance

Available in large amount (> 50 kg) 
Representative of different types of processes

Distinct compositions and structures: 
soda lignins, distillation residues, acid

lignins, and humins
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Strategies for the valorization of lignocellulosic
biorefineries side-streams: example of Zelcor concept

Catalyzed hydrothermal conversion 
Treatment with ionic liquids

Depolymerization and 
functionalization (increased free 

phenols and aliphatic OH contents) [2]

 30% solubility increase

Sequence of solvents with
polarity increase [3]

5 less polydisperse fractions

This project has received funding from the Bio Based Industries Joint
Undertaking under the European Union’s Horizon 2020 research and
innovation program under grant agreement No 720303

Properties requirements:
Antioxidant, UV protection, 

Antimicrobial, Biological activity, 
Emulsion stabilizer, Plastisicer, 

Thermal resistance, 
Nanoparticules assemblying

Identification, study and 
production of  oxidising enzymes

2 recombinant enzymes 
produced in yeast: Dyp and 

MnSOD [1]

Microbial and enzymatic
oxidative degradation of lignins
Demethylation and solubility

increase with MnSOD

Evaluation in applications
Selection of most valuable products

Verification of industrial requirements
Comparison with existing solutions
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Biorefinery
side-streams

Combining complementary scientific fields in a cascading approach: Biotechnology, Chemistry, 
Analytics, Material science, Formulation, Termite science, Sustainability assessments

7 academics
+ 10 privates

Chemical 
treatment

Solvent
fractionation

Biocatalysis

Screening of 
fungi, bacteria
and termites

Recalcitrant
residues

Scale-up

First studies and optimization of processes separately, using
model compounds and selected raw materials

Then, combination of complementary selected processes

Phenolic compounds
Phenolic oligomers

Funtionnal polymers
Improved antioxidant

properties
Solubility increase

Value-added biobased
aromatic products

Products
of interest

Design of a bioreactor for 
termites breeding

Production of chitosan, 
biogas, proteins and lipids

3 species
selected

among 16 
screened

Bioconversion 
by termites

Termites 
selection

End-users applications: 
Cosmetic formula

Packaging films
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