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3D printing enables complex structure fabrication with inherent design flexibility, yet sustainable high-
performance materials remain challenging due to natural fibers' limitations like moisture sensitivity, 
variability, and poor interfacial adhesion. The BioCel3D project addresses these issues by develop-
ing aligned cellulose-based reinforcements from bacterial nanocellulose (BC) and textile/agricultural 
waste, creating hierarchical, moisture-resistant filaments for continuous fiber 3D printing. Key 
achievements include optimized BC cultivation using SCOBY medium, yielding oriented nanofibril 
filaments and hybrid membranes with integrated functional particles; high-yield nanocellulose ex-
traction (90% yield) from cotton waste via eco-friendly acetic acid treatment; electrospun cellulose 
acetate fibers reinforced with cellulose nanocrystals (CNCs), regenerated via novel methods, and 
interfacial adhesion enhanced by polydopamine treatment (45% increase in interfacial shear 
strength); successful 3D printing trials using pre-impregnated flax-PLA filaments; and multiscale sim-
ulations guiding electrospinning optimization. By valorizing waste streams and bio-based materials, 
BioCel3D advances sustainable composites, reducing reliance on synthetics while tailoring mechan-
ical properties and minimizing variability. Progressing from TRL 2 to 4, the project demonstrates a 
scalable pathway for eco-friendly 3D printed composites aligned with circular economy principles, 
offering a viable solution to enhance mechanical performance and sustainability in additive manu-
facturing. 
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