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PhD	information	

Title Development of sustainable composites based on 
reinforcements from agricultural waste: Towards optimizing 
mechanical properties and integration into the circular economy. 

Main topics regards to CSC 
list (3 topics at maximum) 

IV-7. Matériaux pour l’environnement et l’écologie - Materials for environment 

and ecology. 
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IV-10.Bio-matériaux et matériaux polymères - Biomaterials and polymer 

materials. 

IV-5.Matériaux intelligents et matériaux de terres rares - Intelligent 
materials and rare earth materials 

Required skills in science and 
engineering 

materials	science,	mechanical	engineering,	or	polymer	chemistry.	data	
analysis,	machine	learning,	3D	Printing 

 

Subject	description	(two	pages	maximum	including	biblio)	
 

Context	and	Motivation	
In	a	world	increasingly	constrained	by	the	need	for	sustainable	development,	the	search	for	innovative,	eco-friendly	
materials	has	become	a	global	priority.	Agricultural	waste—such	as	palm	fibers,	corn	and	wheat	stalks,	and	eggshells—
represents	an	abundant,	low-cost,	and	underutilized	resource.	By	transforming	these	residues	into	high-performance	
reinforcements	for	bio-based	or	recycled	polymer	composites,	this	PhD	project	addresses	both	environmental	and	
industrial	challenges.	
The	rise	of	additive	manufacturing	(3D	printing)	offers	a	unique	opportunity	to	develop	lightweight,	customizable,	and	
low-energy	composites.	Simultaneously,	advances	in	artificial	intelligence	(AI)	allow	for	the	optimization	of	material	
formulation	and	processing,	reducing	trial-and-error	and	accelerating	innovation.	
This	project	aims	to	position	itself	at	the	intersection	of	materials	science,	digital	engineering,	and	sustainable	
development,	with	direct	relevance	to	sectors	such	as	automotive,	construction,	packaging,	and	eco-design.	
	

Research	Objectives	
The	PhD	candidate	will	contribute	to	a	multidisciplinary	research	effort	with	the	following	key	goals:	

1. Valorize	agricultural	residues	by	identifying	and	characterizing	the	most	promising	waste	types	in	terms	of	
mechanical	properties,	thermal	behavior,	and	availability.	

2. Develop	eco-friendly	fiber	treatments	to	improve	fiber–matrix	adhesion	while	minimizing	energy	and	
chemical	usage.	

3. Design	and	optimize	low-carbon	processes	(e.g.,	compression	molding,	extrusion,	3D	printing)	adapted	to	
these	natural	reinforcements.	

4. optimize	the	process	by	studying	the	influence	of	the	main	implementation	parameters	
5. Use	AI-based	models	to	identify	optimal	processing	parameters	and	predict	mechanical	performance	using	

data	from	material	characterization	campaigns.	
6. Develop	numerical	modeling	tools	to	analyze	the	effect	of	microstructure	on	macroscopic	properties	for	

optimization	purposes. 
7. Evaluate	aging	and	long-term	performance	under	environmental	stressors	(UV,	humidity,	temperature).	
8. Integrate	circular	economy	principles	by	proposing	strategies	for	recycling	or	reintegrating	the	materials	at	

end-of-life.	
	

Scientific	and	Industrial	Impact	
Recent	studies	(e.g.,	[7]	Shubhra	et	al.,	2023;	[8]	Ramakrishna	et	al.,	2022)	have	demonstrated	the	potential	of	agro-
waste	fibers	in	biocomposites.	However,	few	have	explored	their	integration	into	additive	manufacturing	with	AI-
assisted	optimization.	This	PhD	project	aims	to	fill	that	gap	and	support	the	development	of	next-generation	
sustainable	composites.	
The	outcomes	could	lead	to	scalable	innovations	of	interest	to	major	industrial	sectors	seeking	greener	materials	and	
circular	solutions.	Industrial	collaborations	are	anticipated	during	the	project,	with	potential	for	technology	transfer	and	
patentable	results.	
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Candidate	Profile	

We	are	looking	for	a	highly	motivated	student	with	a	strong	background	in	materials	science,	mechanical	
engineering,	or	polymer	chemistry.	Skills	or	interest	in	data	analysis,	machine	learning,	or	CAD/3D	printing	are	
strong	assets.	A	passion	for	sustainability	and	interdisciplinary	research	is	essential.	
	

Supervision	and	Environment	
The	PhD	will	be	hosted	within	a	dynamic	and	collaborative	research	group,	in	partnership	with	the	following	
laboratories:	SYMME	(France)	[3–6],	Laboratory	for	Physics	and	Engineering	Sciences	(Morocco)	[3,	4],	
Mechanical	Engineering	Laboratory	(LGM),	ENIM	(Tunisia)	[1,	2],	and	the	Mechanical	Engineering	Laboratory	of	
the	University	of	Ljubljana	(Slovenia)	[6].	These	institutions	specialize	in	sustainable	materials	and	digital	
manufacturing	and	provide	access	to	state-of-the-art	facilities	for	materials	processing,	mechanical	testing,	and	
computational	modeling.	
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