
From lignin to bio-aromatics:
challenges and prospects 

April 18, 2024 

WELCOME!
WE WILL START AT 12:15H



Program
12:15h: Introduction by Han van Kasteren, 
Professor Biobased Building Blocks & 
Products - MNEXT
12:20h: Presentations by Sandra Corderí 
Gándara, Researcher Biobased Building 
Blocks & Products - MNEXT
12:45h: Questions/discussion
13:00h: Closure

• Please ask your questions via the chat 
• Presentation slides will be shared 

afterwards 
• This Lunch & Learn will be recorded
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• MNEXT: Biobased building blocks & products team
• From lignin to bio-aromatics 

• Lignin
• Applications
• Challenges 
• Current projects on Bio-aromatics
• Future prospects

Agenda
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Research group: 
Biobased Building Blocks & Products 

Research themes:
• Bio Additives

• Extraction, upgrading and 
application of biobased additives: 
natural dyes, antioxidants, flame 
retardants and stabilizers

• Bio(based) polymers & building 
blocks

• Biocircular Design: upgrading, 
application and recycling of 
biobased polymers

Han van Kasteren



Research group: 
Biobased Building Blocks & Products 



From lignin to 
Bio-aromatics.

Challenges 
and Prospects



Lignin

• Most abundant natural, renewable aromatic 
polymer on earth

• Different potential sources:
 Technical lignins from pulp & paper industry 

(60-70 M tons/year, globally)
 Hydrolysis lignins from 2G biorefineries
 Wood based products/grasses

• Only ~1% of technical lignins is recovered for uses 
other than energy

Pulp and paper Miscanthus

Waste wood



Lignin from biomass

Plant cell wall Cellulose

Hemicellulose

Lignocellulosic 
feedstock

Lignin



Lignin interest is increasing
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Papers mentioning the word lignin Major drivers for using lignin:

• Economical aspects (attributing 
value to a by-product from pulping or 
biorefinery) 

• Sustainability (replacing fossil-based 
materials with bio-polymers)

• Aromatic



AS THEY BRING SPECIFIC FUNCTIONALITIES TO MATERIALS (STABILITY, RIGIDITY…)

Aromatics are everywhere! 
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40%
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produced are
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From lignin to bio-aromatics

Bio-based 
materialsFractionation

Depolymerized 
lignin oil

Isolated  lignin Biomass
Purified 
lignin/oil 

Downstream 
processing 

Depolymerization

Upgrading



Lignin types

RSC Adv., 2023, 13, 12529-12553

Multiple processes and biomass types Different lignin properties

https://doi.org/10.1039/2046-2069/2011


Lignin key for its functional properties
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Lignin applications
Bio-

Chemicals
Phenolic 

compounds 
Dispersants

Flame retardant
UV-blocker

Paints

Bio-medical
Antioxidants
Antimicrobial

Cosmetics

Specialty 
materials
Bio-composites

Bioplastics
Carbon fibers, 

activated carbon
Binder, adhesives

Foams
Asphalt, cement

Agricultural
Fertilizer

Pesticide, herbicide
Water retention 

agent
Dust control

Bio-Fuel
Syngas

Heat energy
Diesel

Catalyst Lignin



Lignin applications: PU FOAMS

Up to 50 wt % polyol 
replacement

Tunable materials

Biomacromolecules, 2022, 23, 11, 4562–4573;   ACS Appl. Polym. Mater. 2021, 3, 11, 5845–5856 



Lignin applications: Epoxy

Feghali et al., Biomacromolecules, 2020; Pappa et al., Current Opinion in Green and Sustainable Chemistry 2022

25-50 % BPA reduction 
by using biobased HO OH
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Epoxy resin



Challenges of lignin valorization

• Related to structure:
• Heterogeneous polymeric nature (plant source and 

extraction process)
• High molecular weight 
• Impurities (polysaccharides, Na, ...), 
• Low solubility
• Low compatibility with surrounding matrix
• Color

• Availability of lignin at scale
• Technology maturity (emerging)
• Demand of bio-based products (need to switch from 

oil to biomass refinery)

• Lignin selection and 

characterization

• Lignin depolymerization

• Lignin upgrading 

Mitigation strategies



How we make bio-aromatics at scale – Biorizon initiative

Horizons Feedstock Conversion Technology Bio-Aromatics Applications

Sugar to 
Bio-Aromatics

C5 Sugars/
Furfural

Biomass residues &
Recycle streams

Specialty
€€€

Lignin to 
Bio-Aromatics

Thermochemical 
Conversion of 

Biomass 
to Bio-Aromatics

Diels-Alder

Catalytic 
Depolymerization

Pyrolysis

Gasification Bulk
€

Lignin



Lignin depolymerization

Current Opinion in Green and Sustainable Chemistry 2023, 40:100781

ACD: acid catalyzed depolymerization
BCD: base catalyzed depolymerization 
RCD: reductive catalytic depolymerization

Lignin oils properties



Catalytic 
hydrogenolysis

1 -4 kg/h output

Lignin depolymerization pilot at VITO



Lignin upgrading, functionalization

BioResources 16(3), 2021, 6471-6511



BIO-CAPPP project- Biorizon Centre for 
Applications & Products with Premium Properties

 Establishment of Biorizon Application 
Center
• Developments by and with companies 

(voucher system)
• Own developments focusing on textile 

and construction industry

 Total budget: € 4.308.351,32

 Project start 15/6/2023; 3 years

Partners:



Call for participation

• Interreg VL-NL BIO-CAPPP

Specifically for SMEs

Looking for bio-aromatic samples, either sugar-derived or lignin-derived?
Looking for potential replacements in applications? 

Please contact us!  vouchersbiocappp@vito.be

For more information or to discuss project ideas, always open for discussion!

mailto:vouchersbiocappp@vito.be


JTF-B4 project: Better Biobased Building Blocks

 Goal: Develop sustainable 
value chains from 
(residual)biobased feedstock to 
biobased building blocks for 
application in construction 
sector

 Total budget: 4,37 M€
 Project start: 01-10-2023
 3 years



Future prospects- Biobased chemicals & materials
Carbon Embedded in Chemicals and derived materials



Future prospects- Lignin chemicals & materials

 Lignin supply security (consistent quality)
 Technology at scale (isolation, 

depolymerization, functionalization..)
 Growing demand for renewable raw materials

Lignin could play a vital role in the global shift 
towards a greener economy

Lignin



Research group: 
Biobased Building Blocks & Products 

Thank you !
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Questions?

mailto:s.corderigandara@avans.nl


NEXT LUNCH & LEARN
Mycelium biocomposites… a circular 
and biobased insulation material 

Fran Ortega Exposito, researcher 
Biobased Construction 
Thursday May 23, 12:15h
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