
Benign-by-design strategies for 

biomass/waste conversion into 

valuables: present and future

Prof. Rafael Luque

DEPARTAMENTO DE QUÍMICA ORGÁNICA, 

UNIVERSIDAD DE CÓRDOBA

rafael.luque@uco.es



What do these 

images tell you?





http://www.uco.es/~q62alsor/
http://www.cbme.ust.hk/rafaluque.html





Produce Use Dispose

ITS ALWAYS THE SAME THING………



Produce Use Dispose

Reduce

Re-use

Recycle

Mindset change: The circular economy…



… and  way beyond!

VALORISATION!

Recycle / Re-use

Reduce: Chemical usage

Energy usage

Replace: Hazardous materials, processes

Inefficient processes

Non-sustainable components
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HEMICELLULOSE

LIGNIN CELLULOSE

MINOR CONSTITUENTS

Knowing chemical composition is the 

key to success!!!

Lignocellulosics



WASTE TO WEALTH: FROM RESIDUES TO MARKETABLE PRODUCTS 

Paint additives Biodegradable plastics

Personal care products

Coatings and unguents Other derivatives (chemicals, fuels, etc.)

Green technologies 
(e.g. microwaves, extraction, fractionation)

http://www.uco.es/~q62alsor 

NANOCATALYSIS!!
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Two representative examples

• Waste to biomaterials

and energy

• Waste-to-pharma



http://www.uco.es/~q62alsor/

FOOD WASTE VALORISATION

Coffee waste 

grounds
Metal precursors

Magnetic 

nanomaterials



Mecanochemistry for nanomaterials design



Spent coffee grounds-templatedmagnetic nanocatalysts for mild oxidations

ACS Sustainable Chemistry & Engineering 2019

10.1021/acssuschemeng.9b02919.



• Biofuels and fuels aditives.

• Flavoring molecules for cosmetics, 

perfumes and food industries.

• Pharmacophores and agrochemicals

Applications-CATALYSIS



Two representative examples

• Waste to biomaterials

and energy

• Waste-to-pharma



Waste to artificial coal
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ACS SustChem Eng 2022, in press



Waste to bioplastics

Science 2022, submitted; Chinese Patent 2021





Two representative examples

• Waste to biomaterials

and energy

• Waste-to-pharma



ACS SustChem Eng 2022, submitted



Humin by-

products
Structure proposed by 

I. van Zandvoort et al. 

(2013) ChemSusChem 6: 1745-1758.

polymerization

Humins are random 

polydisperse macromolecules 

with a furanic backbone and 

oxygenated linkages(e.g. 

alcohol, aldehyde, acetals, 

ketone)

side-reactiondesired product

23



ACS SustChem Eng 2022, submitted



Chem Soc Rev 2021, in press

ACS Sust. Chem. Eng 2022, under review

Green Chemistry 2022, under review



Outlook and future prospects
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Time to say thanks…. And more



Molecular 

Catalysis

IF (2020) = 5.06

Journal of Molecular Catalysis 

A: Chemical

Over 40 years proud history;

Welcome catalysis research from

homogeneous, heterogeneous

and biocatalysis areas!

Formerly 

known as: 



Chemistry in the Environment
Recognising the growing importance of chemistry in understanding 

the effects of pollution, climate change and natural processes this 
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