
Valorisation of Spent Coffee Grounds into Animal Feed and Biocides

D. San Martin1*, J. Ibarruri1, M. Gutierrez1, I. Beristain2, B. Iñarra1

1 AZTI, Food Research, Basque Research and Technology Alliance (BRTA), Astondo Bidea, Edificio 609, 
48160 Derio, Bizkaia, Spain
2 EUSKOVAZZA, Ugaldea Ind. Pol., 18, 20170 Usurbil, Gipuzkoa, Spain

Keywords: Circular Economy; food by-products; reverse logistics; LCA; digital traceability
Presenting author email: dsanmartin@azti.es

Introduction
Spent coffee grounds (SCG) represent a continuously generated, compositionally rich urban biomass originating 
from  vending  machines  and  the  HORECA  sector.  Despite  a  high  content  of  dietary  fibre,  polyphenols,  
antioxidants, and bioactive compounds, this stream is almost entirely disposed of through landfill or mixed-waste 
channels, generating avoidable methane emissions and losing industrially valuable molecules. 
The ECOFFEE project establishes a fully integrated circular value chain to recover, stabilise, classify, and valorise 
SCG  into  novel  animal  feed  ingredients  and  natural  biocidal/phytosanitary  formulations,  while  embedding 
digital  traceability  and  environmental  quantification  tools  from  the  CIRCULOOS  ecosystem  (RAMP  and 
GRETA).

Methodology.
The project will implement the following methodological approach:
1. Reverse logistics integrated into existing operations
A dual‑flow logistics model is proposed to collect SCG: they are collected during routine product restocking,  
eliminating the need for dedicated transport, reducing emissions, and enabling regular, high‑frequency waste 
capture. Collection points are installed in selected vending locations, feeding a centralised sorting hub where  
organic (grounds) and inorganic (capsules) fractions are separated.

2. Stabilisation and characterisation of SCG
A comprehensive analytical workflow is proposed including: (i) moisture content and stabilisation kinetics; (ii)  
proximate composition (protein, lipids, fibre, ash); (iii) profiling of polyphenols and antioxidant capacity; (iv) pH, 
organic matter and thermal stability; (v) microbial status and prebiotic potential. These data determine suitability 
for feed formulations and biocidal applications, and feed directly into the RAMP platform as structured datasets.

3. Product development: feed and biocides
Two parallel valorisation routes are explored:
(i) Animal feed ingredient: SCG are stabilised, milled, and standardised to produce a fibre‑rich ingredient for 
industrial feed blends. The route focuses on scalability, regulatory alignment, and compatibility with large‑volume 
feed producers.
(ii) Biocidal prototypes: bio‑based larvicidal and repellent formulations are developed, exploiting the antimicrobial 
potential of coffee compounds. Regulatory pre‑screening aligns prototypes with EU Biocidal Products Regulation 
(528/2012).

4. Digital traceability and circular marketplace (RAMP)
SCG batches are digitally tagged with origin, quantity, stabilisation status, and chemical properties. Through 
RAMP,  valorised SCG become market-accessible  product  streams,  enabling:  (i)  industry  matchmaking;  (ii)  
transparent data sharing; (iii) replication potential for OC3.2; (iv) multi‑actor collaboration across the circular 
chain.

5. Environmental performance: GRETA LCA
A cradle‑to‑gate Life Cycle Assessment compares: (i) feed ingredient vs. conventional feed raw materials; (ii)  
bio‑based biocide vs. synthetic analogues; (iii) reverse logistics model vs. linear waste disposal. Indicators include 
CO₂e, energy demand, water use, toxicity, and waste reduction.

Expected results
The ECOFFEE pilot is expected to deliver strong technical, environmental, and industrial outcomes. The project  
aims for at least 40% of all collected spent coffee grounds (SCG) to be successfully transformed into valorised 
products, demonstrating the efficiency and industrial relevance of the proposed circular value chain. Throughout 
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the processing steps, the system is designed to achieve an ≥85% success rate in batch conditioning, ensuring that  
most SCG streams can be stabilised, standardised, and used reliably in downstream applications.

By the end of the implementation period, ECOFFEE will have developed and validated a minimum of two 
innovative product prototypes—one animal feed ingredient and one biocidal/phytosanitary formulation—both 
prepared  for  subsequent  scale‑up  phases  and  potential  industrial  adoption.  These  developments  will  be 
complemented by strong digital engagement, with more than 10 industrial users expected to be actively registered 
and interacting with SCG-derived resources on the RAMP marketplace.

Environmental performance plays a central role in the project. Using the GRETA LCA tool, ECOFFEE aims to 
demonstrate a reduction of at least 30% in greenhouse gas emissions compared with baseline disposal routes or  
conventional product alternatives, highlighting the climate benefits of integrating circularity into the coffee value 
chain.

The pilot will be demonstrated across three Spanish regions—Basque Country, Andalusia, and the Valencian 
Community—ensuring  exposure  to  diverse  operational  environments  and  fostering  collaboration  between 
industry, local authorities, and citizens. This multi-regional engagement is expected to generate tangible interest 
from the market, with the project targeting at least three Letters of Interest from industrial stakeholders, signalling 
readiness for future replication and scale-up.

Conclusion
This project establishes a new model for circular management of foodservice biomass by demonstrating that spent 
coffee grounds can be recovered through a reverse logistics system that operates without adding extra transport 
costs. By integrating collection into routes that already exist, the project proves that logistical efficiency and 
sustainability can be achieved simultaneously.

A central contribution of the initiative is its dual valorisation strategy, which channels the recovered biomass into 
both high‑volume markets, such as animal feed, and high‑value applications, such as natural biocidal formulations. 
This combined approach enhances the overall economic robustness of the circular value chain, enabling both scale 
and profitability.

The project also advances a data‑driven circular business model that merges digital traceability, environmental 
impact evidence, and direct marketplace access. This integration ensures transparent flows of information across 
actors, supports industrial matchmaking, and provides a reliable basis for decision‑making regarding material 
quality, sustainability performance, and commercial potential.

Through this work, ECOFFEE delivers a replicable blueprint for recovering organic side‑streams across the 
European  Union,  leveraging  the  capabilities  of  the  CIRCULOOS  digital  tools  to  ensure  standardisation, 
transferability, and scalability. The model can be readily adapted to other sectors and regions, amplifying its  
potential impact.

Finally, the project generates robust environmental evidence, demonstrating measurable sustainability gains that 
can inform green procurement practices and policy development. By providing proof of reduced environmental  
burdens  and  viable  market  pathways,  ECOFFEE  supports  a  transition  toward  more  circular,  low‑carbon 
manufacturing ecosystems.
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