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Greenhouse byproduct
valorisation

Circular solutions for modern agriculture

1. The vision: upcycling residues into bio-based
resources

The greenhouse sector is a vital part of the agri-food industry, yet it generates significant
amounts of organic residues including stems, leaves, and unsold produce that are often
underutilized or discarded. Improper management of these materials can lead to
environmental issues such as methane emissions and nutrient leaching. The PRIMARY
project aims to validate innovative upcycling pathways that transform these greenhouse
byproducts into high-value bio-based ingredients, reducing the sector’s environmental
footprint while creating new business opportunities for producers and SMEs.

2. Technical excellence: advanced bioconversion and
material science

To capture the full value of greenhouse residues, PRIMARY implements a multi-faceted
technological approach:

e Solid-state fermentation (SSF): This core strategy, implemented by ELGO-
DIMITRA in Greece, utilizes microorganisms to bio transform tomato and cucumber
residues. The process improves the nutritional profile and digestibility of the biomass,
creating protein-rich ingredients suitable for the feed industry.

e Submerged fermentation: Beyond solid fermentation, liquid-state microbial
cultivation is conducted at VTT facilities in Finland to produce high-purity microbial
biomass and proteins intended for both food and feed applications.

e Foam forming technology: Fibre-rich fractions of greenhouse trimmings are
diverted to material science applications at VTT and Fiberwood in Finland. Through
foam forming, these fibres are converted into lightweight, sustainable prototypes for
bio-based packaging and construction materials.
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Figure 1 Flow diagram of greenhouse byproducts value chain

3. Local impact: regional pilots

The practical demonstration of this value chain takes place across two strategic European
regions, focusing on the upcycling of tomato and cucumber trimmings:

3.1 Attiki and Viotia pilot (Greece)

Focusing on the biotransformation of organic residues through solid-state fermentation, this
pilot involves:

e Residue collection and logistics: Cooperation between local greenhouse
producers for the systematic collection of approximately 0.5 tons of organic residues.

e Biotransformation at scale: Transport of materials to the ELGO-DIMITRA
premises, where the bioconversion process is conducted in a specialized pilot SSF
incubator.

e Nutritional enhancement: Implementing sterilization, inoculation, and incubation
protocols to ensure the development of novel products with an enhanced nutritional

profile.
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3.2 Ostrobothnia pilot (Finland)
Leveraging advanced bioprocessing and material science, the Finnish pilot activities include:

e Advanced bioprocessing: Developing scalable submerged fermentation processes
at VTT to produce sustainable protein ingredients for food and feed.

e Industrial material innovation: Converting residues into lightweight packaging and
construction materials through foam-forming technology, at Fiberwood’s industrial
facilities.

By implementing these decentralized activities, the project aims to lower waste management
costs for farmers and demonstrate a scalable model for regional bio-based industries.

Figure 2 Tomato and cucumber greenhouse cultivation

4. Sustainability and regional impact

This business model promotes competitiveness and environmental sustainability by
adhering to the principles of the circular economy. By substituting synthetic inputs
with bio-based alternatives and localizing production, the project fosters local
novelty, strengthens rural economies, and supports Europe’s transition to a
resource-efficient agri-food sector.

Contact and information

Website: https://www.primary-project.eu
Contact Persons: Giorgos Karampelas, CERTH - g.karampelas@certh.gr (Greece)
Nordlund Emilia, VTT - emilia.nordlund@vit.fi (Finland)
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