& primary
Cotton byproduct
valorisation

From field waste to high-value bio-resources

1. The vision: decarbonising the cotton value chain

The PRIMARY project addresses the environmental challenges of cotton cultivation in
South-East Europe. Currently, vast amounts of cotton residues such as stalks, branches,
hulls, and leaves are managed through open-field burning or mulching, practices that
release significant greenhouse gases and underutilize valuable biomass.

Our mission is to demonstrate a circular model where these residues are no longer "waste"
but strategic raw materials for energy and industry.

2. Technical excellence: the cascading approach

To maximize the value of every ton collected, PRIMARY employs a cascading processing
strategy. The journey begins with mechanical pre-treatment, where residues are chipped or
shredded to ensure a uniform size for downstream applications.

e Renewable energy and biochar: A significant portion of the biomass is compressed
into standardized pellets. These are either used for high-efficiency heat production in
biomass boailers or fed into a gasification/pyrolysis unit. This thermochemical process
yields renewable electricity and biochar, a carbon-rich solid that serves as a high-
quality soil improver or an additive for sustainable materials.

e Bio-based materials and food/feed: Beyond energy, the project explores high-tech
valorisation routes. Using foam-forming technology, the fibrous fractions of the cotton
stalks are transformed into lightweight packaging and construction materials.
Simultaneously, submerged fermentation processes convert organic fractions into
microbial proteins, providing a sustainable alternative for the food and feed
industries.
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Figure 1 Flow diagram of cotton byproducts value chain

3. Local impact: the Karditsa pilot

The practical implementation of this model is centered in Karditsa, Greece, where
approximately 50 tons of cotton residues are being collected. This pilot is a collaborative
effort involving local farmers' cooperatives, such as NEA ENOSI, and technology providers
like ESEK. The pilot demonstrates the complete circular value chain:

e Integrated logistics: Field-level harvesting and gathering of stalks and byproducts,
followed by shredding and transport to local facilities.

e Industrial processing: Advanced pelletizing at ESEK facilities to create dense,
energy-rich biofuels. These pellets are then used in pilot-scale gasification plants to
produce heat, electricity, and biochar.

e Material and mio-Innovation: Testing the conversion of cotton fibres into high-
performance construction materials via foam forming, and the use of residues as
substrates for protein production through specialized fermentation.

By linking decentralized collection with centralized high-tech processing, the Karditsa pilot
proves that cotton waste can generate local income and reduce environmental impact.
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Figure 2 Photo of the cotton fields and harvesting activities in Karditsa

4. Sustainability and outlook

The cotton value chain model developed in PRIMARY is designed for scalability across
Europe. By reintegrating outputs like biochar-enhanced compost back into the soil, we close
the nutrient loop and enhance sail fertility. This systemic approach not only strengthens
farm-level profitability but also positions local SMEs at the forefront of Europe’s bioeconomy
transition.

Contact and information

Website: https://www.primary-project.eu

Contact Person: Giorgos Karampelas, CERTH - g.karampelas@certh.gr
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