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Chemical industry

On going strategies to reduce CO2 emissions

CO2 capture

Renewable energy
(solar, wind, etc.)

Renewable carbon
(biomass, waste, CO2, etc.)

Reuse/recycle/reduce

ENERGY RAW MATERIALS

CO2 = CO2 feedstocks+ CO2 energy

NEW TECHNOLOGIES



Expectations in terms of innovation

Better understanding of 
biomass

Better understanding of 
biological systems

New technologies New tools (AI, machine 
learning, etc…)

Source: Stratégie d’accélération « Produits biosourcés et biotechnologies industrielles, carburants durables »



Lignocellulosic biomass waste

Cellulose
(45%)

Hemicellulose
(30%)Lignin

(20%)

Vegetable oils, Proteins, 
nucleic acids,etc…

(5%)

75 % of sugars

Estimation of biobased chemicals : ~ 400-550Mt/year by 2080

Potential stock of biomass 
(excluding food) = 6-18 Gt/year

Lignin

Hemicellulose

Cellulose

Hemicellulose
(30%)



The sugar platform

From the sugar platform to biofuels and biochemicals/Final report of the EU commission directorate, April 2015



Scale up

Selectivity : 70-100%

Productivity : 0.1-10 tprod/m3/h

Catalyst consumption: 1-100tprod/kgcat

Product concentration > 15 wt% (except for
highly exothermic reactions)

Industrial requirements

J. P. Lange et al, Angew. Chem .Int. Ed. 2015, 54 ,13186-13197
J. P. Lange et al. Catal. Sci. Technol. 2016, 6, 4759-4767

From the sugar platform to biofuels and biochemicals/Final report of the EU commission directorate, April 2015



Oxidation vs reduction

Molecular
complexity

Molecular
« simplicity »
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Higher you make use of oxygen in biomass, higher the valuability of chemicals

Which chemicals?

(feed price + 200 x N steps)Product price <

J. P. Lange, Energy Environ. Sci., 2021, 14, 4358–4376

Calcd for glucose = 300 $/ton 



HUMANS
Chemical activation

Energy
(fossil-based)

Catalyst
(chemical activation)

NATURE
Physical activation

Electrons, radicals, 
excited species

Energy
(renewable)

Humans versus Nature

Electric field Magnetic field

Light Heat

Water
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Microwaves Ultrasound Plasma

Milling Photochemistry

Electrochemistry

Pressure

Alternative technologies

Magnetic field
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Coal Gas - combined cycle Solar Wind

https://www.lazard.com/perspective/levelized-cost-of-energy-2017/

Wind Solar



Taken home messages

Open innovation to revisit the 
activation/conversion of 

biobased feedstocks

A biobased product does not mean a sustainable product

TAKEN HOME MESSAGES

Don’t compete with fossil-based feedstocks : improve performances

recyclability biodegradability

Product not intended to be dispersed in 
nature

Product intended to be dispersed in 
nature


