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• Introduction : flexible biorefineries

• Cascade approach : example of Zelcor concept

• Education needs : example of Bioceb European
EMJMD program

European workshop on Bioeconomy - 15-16 October 2019, Paris



Flexible biorefineries:
multi-feedstocks / multi-products

Feedstock 1
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Product 1

Product 2
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…

Product n

 Adaptation to market fluctuations

 Levelling and accomodation of biomass variability

 Feedstock supply securisation

 Wastes valorisation



Flexible biorefineries: European support
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“A new flexible biorefinery will bridge the gap between agricultural and 
chemical industries, providing a stream for various biomass feedstock and 
producing a menu of finished green chemical products,”
(FP7 EuroBioRef project coordinator Franck Dumeignil, 2014).



Different strategies
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Use of « flexible » micro-organisms
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• Metabolic engineering of Escherichia coli, Corynebacterium
glutamicum, Pseudomonas, Bacillus and yeast strains use of 
alternative carbon sources (Wendisch et al., J Biotechnol, 2016)

Cellulose

Starch

Chitin

…

Algal biomass

Glycerol

Organic acids

Carbone sources



Use of « flexible » micro-organisms
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• Ex. Corynebacterium glutamicum = non-pathogenic industrial
bacterium species (Baritugo et al., Appl Microbiol Biotechnol, 2018)

– Flexible metabolism allowing the use of a broad spectrum of 
carbon sources and the prodution of various amino acids

– Classical breeding, synthetic biology, metabolic engineering 
production of value-added platform chemicals (C2 chemicals, C3 
hydroxyacids, C3 diols, C4 alcohols, …) 
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Cascade approach: example of Zelcor concept

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

• Zelcor objective:

Demonstrate the feasibility of transforming lignocellulose 
recalcitrant side streams into high added-value bio-based products

Residues from cellulosic
ethanol production

Technical lignins from 
pulping processes

Lignin-like humins formed
by sugar conversion

Combining chemical and enzymatic catalysis 
with insect-based bioconversion



Zelcor in brief
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Why fractionating lignins ?
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• Lignins = multifunctional bioproducts existing markets

However

– Low solubility

– Variability

– Heterogeneity



Interest of combining fractionation
with depolymerisation
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Lignin
= phenolics

+ carbohydrates + 
ash

+ proteins, …

Extraction 
(solvent 1)

Phenolic extract 1
 Functional

(soluble, biologically active, antioxidant)
 Standardised Mn and Mw*

31%
AOP x 1.5

PhOH x 1.5

Extraction (solvent 2) 
+ depolymerisation

Phenolic extract 2
 Functional

(soluble, biologically active, antioxidant)
 Standardised Mn and Mw*

3%
AOP x 3.6

PhOH x 3.1

By-product 2
 Antioxidant

14%
AOP x 2.7

Extraction (solvent 3) 
+ depolymerisation

Phenolic extract 3
 Functional

(soluble, biologically active, antioxidant)
 Standardised Mn and Mw*

1.5%
AOP x 1.2

PhOH x 4.5

By-product 3
 Antioxidant

15%
AOP x 2.4

Lignin
fraction suitable for 

bioconversion 
 Detoxified
 Rich in carbohydrates

*600-800 gmol-1

Residue

Residue



European workshop on Bioeconomy - 15-16 October 2019, Paris

Includes data and consideration relative to sustainability

Interest of combining fractionation with
depolymerisation



Education needs: example of Bioceb
European EMJMD program
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« European Master in Biological and Chemical 
Engineering for a Sustainable Bioeconomy »



A consortium with complementary competences

Education needs: example of Bioceb
European EMJMD program
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A modular training programme

Education needs: example of Bioceb
European EMJMD program
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5 possible tracks related to targeted profesional activities

Education needs: example of Bioceb
European EMJMD program
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• Zelcor and Bioceb projects consortium

• Comité d’Analyse Prospective et Groupe 
de Travail « Chimie verte » AgroParisTech

• IJPB Apsynth team 
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