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1. A waste?
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Lignin potential has been recognized for over 35 years

« Lignin is a renewable, non-toxic, commercially available and

low costing resource which has the potential of being utilized

as a basic raw material for the chemical industry. In spite of

many years of development effort however, this potential has

not been fully realized. One of the many reasons …is the fact

that the technical processes by which lignin is obtained, …

reduce its reactivity » (Feldman et al 1986 )
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Already commercial products
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Techno-economic, environment, and socio-economic studies

• Review (Wengel et al. 2020)

➢ Lignin a key to commercial success on pulp production: energy supply + 

value-added products from the surplus

➢ Possibility to reduce the carbon footprint of 2G bioethanol production by 

using the lignin rich residues in materials: e.g. −82 g CO2e/MJ of ethanol 

(composite filler; Pourhashem & Bajwa, 2018)

➢ Barriers to large-scale commercialization: availability (quantity and 

quality), infrastructure cost of innovation

➢ Limited markets (heat and power, vanillin, lignosulphonates, niche 

markets)
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Various tools developed to diversify the uses 

• Bioengineering

• Fractionation

• Catalysis

Taking into account 
yields and quality

« Start-to-finish analysis of the progress achieved

in lignin valorisation » (Rinaldi et al, 2016)

« With the emergence of evermore selective

and tailored lignin valorisation processes and 

the growing ability to alter lignin structure in 

the growing plant, lignin-derived chemicals and 

materials may be expected to find increasing

widespread applications, opening up new 

avenues for the polymer, chemical and fuel 

industries »
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Diversification of the sources and types of lignins

Wood/straw

Selective dissolution 
of lignin

Cellulosic pulp Liquor

Pulp and 
paper industry

Pre-treatment + 
carbohydrate hydrolysis

Recalcitrant residue Sugars

Bioethanol
production

Integrated processes

Mixed /variable raw materials
(ex. food wastes, …) 

Flexible 
biorefineries
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New generation of processes

Technical lignins from pulp & paper industry
(Laurichesse and Averous, 2014)

Eco-friendly processes
targetting lignin
functionalities

Need for

• New catalysts

• New characterization methods

• Green chemistry assessment



10

2. Complexity?
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Mixture of compounds of different chemical nature

• Composition of 3 types of biorefinery lignins (Zelcor project)

• SL=grass soda lignin (Protobind 1000, Green value LLC)

• HL=wheat straw hydrolysis lignin from bioethanol production

• AL= softwood acidic lignin (Dawn technology)

* acid soluble lignin, uronic acids, extractives, proteins

*

 Advantage for bioconversions
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Diversity of functional groups

 

Phenols 

 

Catechols (soda and Kraft process) 

 
Methoxyls  

Enol ethers (Kraft process) 

 

Aliphatic alcohols 

 
Ethyl ethers 

(ethanol process in acidic medium) 

 

Carboxyls and carbonyls 

 

Sulfonates (bisulfite process) 
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Advantage: multifunctionality and tunability
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Distribution of C-C and b-O-4 linkages

 Possibility to release soluble compounds through selective ether cleavage

Structure of softwood lignins

Depolymerization

Soluble compounds 
with increased
phenol content
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Example of the development of a depolymerisation process

Validation on lignin
models at 100 mg scale
(previous collaboration 
with UVSQ)

Transfer to 
industrial lignins
(soda, Kraft)

Optimisation  
and scaling-up 
to 15 g

• Optimization of the treatment with [HMIM]Br
• Efficiency of ether bond cleavage

• Antioxidant properties of the products

• Reduction of the reagent consumption

• Recycling of the reagent

• Assessment of risk and toxicity

(Majira et al. 2020)
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Soluble fractions 
from IL treatment
PhOH EC50

= higher functionality

Relationship between radical scavenging properities (EC50, DPPH test) 

and phenol content (31P NMR) of lignin fractions (Majira et al 2020) 



17

Molecular heterogeneity related to molar mass distribution

 Advantage for uses as additives in thermoplastics: 

 LMW compounds: miscible with the matrix, confer antioxidant, antimicrobial and insect

repelent properties (ex. soda lignin extract; Vachon et al., 2020)

 HMW compouds: role of filler, mechanical reinforcement

Micrographs of PP matrix containing distinct fractions of Kraft lignins

(Pouteau et al., 2004)

LK1 LK2 LK3

Mw=490 g mol-1 Mw=3060 g mol-1 Mw=8270 g mol-1

LK1 LK2 LK3

Mw=490 g mol-1 Mw=3060 g mol-1 Mw=8270 g mol-1

Oxidation induction time of the material

as a function of KL fractions Mw

(Pouteau et al., 2003)
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 Possibility to settle a cascading process

• Combined solvent extraction - depolymerization - bioconversion 

Technical lignin
= phenolics

+ carbohydrates
+ ashes

+ proteins, …

1st stage extraction
(ethyl acetate, EA)

Functional phenolic extract 1/3
✓ Soluble, biologically active, antioxidant
✓ Standardised Mn and Mw (600-800 g.mol-1)

2nd stage extraction
(ethanol)

Lignin fraction suitable for 
depolymerization 1/3

✓ Less recondensations

Residue suitable for 
bioconversion 1/3

✓ No toxic phenolics
✓ Plant cell-wall polymers



19

3. Solubility?
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Some lignins are already soluble

• Lignosulfonates: 100% soluble in water 

 Application in various colloidal systems (waste water treatments, drilling mud, 
binder in composites)

 Substrate for aqueous-medium chemistry
• ex. substitution of a phenol-formaldehyde resins by lignosulfonate-

carbonyle compound systems (Allais et al, 2019 – Patent Fr3032197)

• Organosolv, soda and Kraft lignins : 80-100% soluble in organic solvents

(aqueous ethanol, acetone and dioxan, DMF, THF …) and dispersible in 

water as colloidal particles

Soda lignin powder, organic solution, and aqueous colloidal dispersions (Rivière, 2020)  

Potential application in 
waste water treatement
(virus removal)
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Advantage of partial solubility

• Possibility to fractionate and obtained standardized fractions and/or to enrich 
in compounds of interest

(Aguié et al., 2015)

Average molar masses of lignin samples and their ethanol extracts
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Composition of the phenolic monomer fraction of a soda lignin extract (mg.g-1)

✓ Ferulic acid: 19% of the fraction
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Solubility of two hydrolysis lignins (HL) HL1: pilot plant; HL2: demo plant

Organic solvents or water+ethanol soxhlet extraction (wt%)

Low solubility of hydrolysis lignins

Need for specific valorization strategies
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Direct use

Antioxidant composites
Low compatibility
No antimicrobial

Attractant / invidor insects

(Vachon et al 2021)

Limited interest for packaging but good substrate for biomass production

HDPE-HL

Survival test on a humivorous termite species

Bioconversion by termites or fungiFiller in polyolefin-based films 
Incorporation by extrusion

2-5 wt% in HDPE

Bioethanol production residue – Valorization routes
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Bioethanol production residue – Valorization routes

Fractionation

Cellulose-rich residue
82 wt%

Phenolic-rich extract
12 wt%

(lignin content 82%)

Colloidal particlesNanofibrils

Re-assemblying

(Rivière et al 2021)

Nanocomposites
Antioxidant, O2 barrier

Aqueous acetone extraction Soda extraction

Cellulose-rich residue Phenolic-rich extract

Lignin
fraction
38 wt%

Phenolic acids
(Pc, Fe)

~ 1.5 wt%

Lignin content: 87 wt%
Mw: 2830 g.mol-1

Mn: 996 g.mol-1

Thioacidolysis yield: 124 µmol g-1

Antioxidant properties
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4. Quality?
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What is a lignin of « good quality » ?

• Lignin with expected functionnal properties ?

• Ex. antioxidant properties

High proportion of hindered phenol groups  radical stabilisation by resonance

 grass soda lignins

Product IC50 (μg/ml)

Bagasse soda 44,9 ± 6.7

Lignosulfonate 133,6 ± 9.0

Curan 100 85,9 ± 4.6

Steam explosion 74,6 ± 1.0

(−)-Epicatechin 42,27 ± 3.0
Inhibitory effect of different lignin solutions on the hemolysis 

induced by AAPH (LG, lignosulfonate; BG, bagasse; SE, steam 

explosion; CU, curan 100). Results are expressed as 

mean ± S.E. of at least three independent experiments. 

Antioxidant activity of lignins assessed through the inhibitory effect on human erythrocytes 

hemolysis (Vinardell et al. 2008)
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What is a lignin of « good quality » ?

• Lignin with high purity ?

• Low carbohydrate content / Low sulfur content / No toxic compounds ?

 organosolv lignins (e.g. ethanol/water): well suited for cosmetic applications

Hair fixer based on 5-10% wt. organosolv lignin or derivatives (Lang et al 1992; Patent)

Anti UV cream formulated with 0.5-5% wt. organosolv hazelnut lignin (Gordobil et al 2020)

 Organosolv and Kraft lignins adapted to carbon fiber synthesis (Dakla et al 2002)

• Lignin with high depolymerisation potential?

• High proportion of units only linked through b-O-4 bonds

• Low recondensation propension  

 new isolation processes preserving or targeting lignin nativ polymer structure

= « lignin-first approach »
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Future research: from plant to functional biomolecules

?
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Challenges

• Development of methods to analyse lignin at different structuration levels
and in different media (ex. analysis of oligomers; analysis in ionic liquids or 
deep eutectic solvents; analysis of non-soluble fractions …)

• Need for high-throughput selective deconstruction methods allowing
analysis of lignin functionalities

• Settlement of new value chains exploiting lignin structure  limiting factor: 
up-scaling of fractionation/extraction processes

• Combination with the production of bioenergy production to ensure the 
sustainability of the biorefineries
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Lignins remains a valuable source of bioenergy

• Direct combustion of black liquors (> 98%)  heat and power

• Biogaz and bioethanol production by fermentation of spent sulfite liquors 

• Other potential routes for bioenergy

- Lignin catalytic depolymerization into specific aromatics  additives for fuels

- Thermo-chemical conversion

 Syngaz

 Pyrolysis products + combined heat and power

(de Wild et al, 2013)
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• Zelcor project consortium

• « Plant observatory » OV platform at IJPB

Acknowledgements (1)
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lignins


