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1. Excellence 
Europe is generating each year 1.3 billion tonnes of waste. Among these, 700 million tonnes are agricultural waste (Pawelczyk, 
2005). Given the projected one third increase in world population by 2050, best estimates indicate a need to increase 
agricultural and food production by two thirds by 2050 to feed an additional 2 billion people. This need is compounded by the 
impacts of climate change, particularly in more impoverished areas of the world where desertification is predicted to increase, 
and water shortages will become a major constraint on production. 
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Fig 1-AGROCYCLE innovations in the agricultural production chain 
 
These challenges are a major opportunity for innovative 
technologies and profitable business practices to 
address agricultural waste, by-products and co-
products. In this context AGROCYCLE will perform an 
integral analysis of the agricultural value chain, 
including livestock and crop production, food processing 
and retail sector (Fig. 1), with the objective of providing 
mechanisms to achieve a 10% increase of the recycling 
and valorisation of agricultural waste by 2020, and to 
maximise the use of by-products and co-products via 
the creation of new sustainable value chains. Obj  

ectives  
1.1 Objectives  
The main objective of the AGROCYCLE project is to 
demonstrate and validate novel processes, practices 
and products for the sustainable use of agricultural 
waste, co-products and by products (AWCB), which will 

be tested and evaluated from a technical, environmental and socio-economical point of view, thereby contributing to the 
creation of sustainable value chains in the farming and processing sectors. To realise this, over a 36-month work plan, the 
following specific objectives will be fulfilled: 

Objective 1: To map, characterise and quantify the available agricultural AWCB (linked to WP1) 
An integral analysis of the agricultural value chain will be performed, including economic aspects, and waste analysis 
distribution and composition.  SWEDES and NNFCC will provide a map of the main agricultural value chains in the EU, 
assessed by RABDF-livestock dairy, CG-livestock poultry, GENCAT-livestock swine, CIBE-horticulture, CERTH-juice 
processing, wineries, olive-oil, EUBIA-herbaceous biomass including grassland. EKO,CSRA will provide the organic sector 
know how while CG will provide food-processing and M&S retailers perspective. CAU will perform a similar analysis for the 
main Chinese agricultural value chain.  Wastes generated by the agricultural industry have an extremely varied composition 
which is highly affected by seasonal variation. Quantification and analytical characterization (energy, nutrient, water content) of 
the main AWCB considered within the project will be performed by CERTH. Regulatory aspects in relation to waste 
management and potential health risks will be addressed by GENCAT and CAU. 
Performance Indicator: By M9, a database/inventory of the current agricultural value chains will be ready including economic 
data, current valorisation practices, amount of AWCB and regional distribution. By M9, the different waste matrices will be 
characterised and the optimal matrices with optimal composition for the subsequent valorisation strategies will be identified. A 
report analysing the main regulatory frameworks in place in the EU regions considered in the project will be produced. CAU 
and RESET will produce a report on the main agricultural value chains in China and corresponding regulations. 

Objective 2: To demonstrate the technical feasibility of the production of biofuels from AWCB(linked to WP2) 
 Different bioenergy conversion technologies will be addressed 

• The production of bioethanol and biobuthanol for the valorisation of herbaceous biomass (cereal straw and corn 
strove) and forestall biomass from vineyard activity, in addition to the residues from nearby food processing industries 
will be demonstrated by TOMSA in the semi-industrial pilot plant (production capacity 1,000L per batch) at ITACyL. 

• A skid-mounted micro Anaerobic Digestion unit specifically built designed and commissioned by HAU for deployment 
at a broiler farm CG will be provided. The design of a co-digestate mixture using broiler litter and locally available feed 
resources from nearby dairy and crop farms for optimal efficiencies will be performed. Technological innovations for 
capture, separation and re-use of biogas constituents, nutrients and water will be performed. In addition, the heat 
recovered from the broiler farm will be used to reduce the parasitic load of the micro-AD facility. 

• Third generation bioenergy conversion technologies will be developed by NJ, including the use of microbial fuel cells.  

Performance Indicators: By M12 appropriate pretreatment and recovery methods have been developed and pilot plants will 
be ready for operation and demonstration by M30. By M18 optimised waste matrices for optimised yield will be determined. Co-
products and by-products generated by the technologies will be evaluated for further valorisation.  

Objective 3: To develop and evaluate the effectivity and impact of existing and new biofertilisers from crop residues, 
livestock effluents and bioenergy effluents. (linked to WP3) 
Different types of fertilisers will be researched by UG, CSRA using the following approaches: 

• Use of straw and crop residues as soil amendments using selective application 
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• Application of pig slurry as natural soil fertiliser.  
• Application of new biofertilisers coming from selective separation treatments or bioenergy effluents 

In addition, the effect of the fertilisers on soil and ground water will be evaluated and the air quality will be analysed to prevent 
pathogens contamination. JRC has already developed climatic-soil series maps for Europe, including soil depletion risks; 
AGROCYCLE will build on these, adding fertilisers use and cropping systems as an addition key driver of soil degradation risk. 
Finally, a series of guidelines and recommendations on optimised sustainable agricultural practices will be developed. 
Performance Indicators: By M12 the ideal sources for fertilisers will be identified and evaluated as a soil amendment at lab 
scale. By M18 pilot tests will have been identified and planned and by M32 the guidelines and recommendations on agricultural 
practises will be ready. By M36 updated soil depletion risks maps will be complemented with the AGROCYCLE project results. 
Objective 4: To demonstrate a generic and modular design process, for valorisation, treatment and recycling of agro-
industrial wastewaters (linked to WP4) 
Juice processing, wineries, olive oil industries waste waters have high content of simple sugars and polysaccharides, which will 
be used as a substrate for production of single-cell protein to be used as a high nutritional value supplement for livestock 
forage. An integrated modular two-stage anaerobic digestion process coupled with an anoxic/aerobic membrane bioreactor 
(MBR) will be developed by CERTH in order to achieve high efficiencies, lower energy consumption in wastewater recycling. 

Performance indicators: By M18 the production of single-cell protein from agroindustrial wastewaters will be demonstrated. 
By M24 a modular valorisation and water recovery pilot will be ready and validated for demonstration to the industry by M30. 

Objective 5: To demonstrate an integrated biorremediation process for the valorisation, treatment and recycling of pig 
slurry (linked to WP5) 
The phytoremediation of pig slurry will be demonstrated by designing open pond bioreactors (IRIS) for the growth of nitrogen 
fixing species such as Spyrodela sp. The systems will be equipped with nitrogen concentration monitoring, water turbidity and 
biomass volume and with an automatic biomass harvesting system for a continuous operation of the remediation treatment. 
The process will yield several by-products such as animal feedstock (vegetal biomass rich in protein), bioenergy feedstock 
(vegetal biomass rich in starch) and low N and P content water ready to be used as sustainable (non-nitrifying) fertiliser or to be 
further purified for irrigation or industrial purposes. The effectivity and suitability of these by-products will be exhaustively 
evaluated in WP6 for the animal feedstock, in WP2 for the bioenergy feedstock and in WP5 for clean purified water.  
Performance indicators: By M12 selected pig slurry sources will have been identified and tested at laboratory scale. By M18 
the growth and ideal conditions for phytoremediating species will have been tested and by M24 the design and construction by 
IRIS of the automatic monitoring and harvesting pilot reactors will be ready for demonstration by M30. 
Objective 6: To demonstrate the integrated multifeedstock extraction of proteins, fibers and secondary plant 
metabolites (SPM) from horticultural waste streams (linked to WP4) 

Fruit & vegetable residues are very heterogeneous and are often only seasonally available. In order to allow a valorization of 
these wastes, flexible processes capable of dealing with variable feedstock are required. Aqueous extraction, solvent and 
supercritical extraction (IVV), sonication and microwave extraction will be tested (IRIS) and integrated for the extraction of 
biocompounds, proteins & natural fibre factions (UNIPI). If needed	   modification (chemical derivatisation), purification 
(adsorption, crystallisation) and blending with other constituents will be conducted to achieve the properties required for 
application.	  Performance indicators: By M15 an integrated multifeedstock process pilot plant for the fractionation of mixed 
plant based residues to simultaneously obtain SPM, proteins and fibres will be ready for validation. By M24 the operation of the 
pilot plant system will be validated and demonstrated with different fruit & vegetable AWCB. 

Objective 7: To demonstrate the application of extracted biocompunds in neutraceuticals, active packaging, 
adhesives and coating applications (linked to WP5) 

Based on preliminary lab scale trials and their results, the most suitable application for the extracted biocompounds and 
processing techniques will be identified and applied in pilot scale. 

• Packaging-Application of the SPM based bio-additives as active packaging constituents (IVV, IRIS) will be developed 
incorporating the additives in the polymer matrix to avoid migration into the food. Bulk packaging materials 
(UNIPI,IVV) from the extracted proteins, fibres and biopolymers will be developed and evaluated. 

• Coatings, adhesives-production from the extracted protein fraction and SPM will be analysed (IVV) 
• Nutraceuticals- The use of rice bran and rice bran oil as feedstock for nutraceuticals and pharmaceuticals formulations 

will be evaluated (DEM). The use of food products for the extracted protein fraction will be evaluated (IVV). 
Performance indicators: By M24 existing pilot plants will be fine-tuned for operation and active packaging, biochemicals 
nutraceuticals and pharmaceutical applications will be demonstrated by M36.  

Objective 8: To perform environmental and economic sustainability assessments through LCA/LCC. (linked to WP6) 
Environmental performance will be taken into account throughout the project. LCA of the products/processes developed and 
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comparison with respect to the carbon and energy footprint of conventional processes will be performed. A LCC assessment 
will be performed including all the techno-economic aspects of the technologies to confirm their cost effectiveness, as well as 
issues such as efficiencies, consumptions, the ability to recover and reuse materials, the avoided disposal risks and costs for 
the wastes disposal will be included. The impacts for rural development and land use will be studied. With a commercial view in 
mind, a cradle-to-gate approach will be taken by RESET when analysing the technologies/processes. Comparison with cradle-
to-cradle approach developed by UCD will be performed. Special attention will be placed when gathering significant data, 
specially in China. Performance indicator: In M34, an LCA report will be submitted for peer review and LCC report produced.  

Objective 9: To implement a joint stakeholder platform for knowledge exchange between actors (linked to WP7) 
Farmers, food processors, retailers, policy makers, waste managers, agricultural associations, technology providers, and all the 
relevan actors will be gathered in a joint stake holder platform for knowledge exchange and validation of the project results. 
Collaboration with other EU RIAs and other on-going or previous research projects is foreseen. An advisory board will be built. 
Performance indicator: In M12 an integrated software tool (to be regularly updated) is in place for knowledge exchange. 
Regular knowledge transfer activities, workshops and training sessions will be organised by the cross-sectorial joint 
stakeholder platform (led by EUBIA) in conjunction with demonstration activities of the different pilot studies.  

Objective 10: To define sustainable value chains and propose new models for business diversification (linked to WP8) 

A full supply chain sustainability analysis will be performed by NNFCC, SWEDES in order to create economically and 
environmentally robust supply chains and sound business models. This includes feedstock and logistics planning – undertaking 
resource assessments (regionally, nationally and internationally), analising feedstock suppliers (farmers, food manufacturers, 
retailers, forestry owners, etc.) to identify suitable buyers or outlets for materials and also bioenergy generators and biobased 
product/chemical manufacturers to identify and source suitable feedstocks. We will provide supply and sourcing strategies and 
robust and economically, environmentally and socially beneficial business models. A  thorough market analysis will be 
perfomed  providing market insight across all bioeconomy sectors, at all scales. Also more in-depth market reports on the 
AGROCYCLE technologies, capturing detail on planned and operational facilities, and prevailing market conditions will be 
produced. Policy and regulatory barriers for the bioeconomy implementation will be performed taking into account the wide 
variety of regulators involved. Performance indicator: In M12 and M24, updated market reports on AGROCYCLE biofuels, 
bioenergy, bio-based products and feedstocks will be produced. By M24 updated (from WP1) and M36 (final) sustainable value 
chain recommendations and business models will be reported for the AGROCYCLE case-study sectors. By M18 policy and 
regulatory framework report will be produced and by M36 policy recommendations to promote the bioeconomy will be reported.  

Objective 11: To maximise the innovation impacts of the project for contributing to the uptake of the project results 
for growth and jobs. (linked to WP9, WP10) 
The project knowledge and results will be managed and protected. Business plans and exploitation and dissemination 
pathways for the post-project phase will be developed. A professional communication campaign will be designed and 
implemented. Implementation of training actions and links with education stakeholders to ensure the knowledge is exchanged 
and to enable practice oriented education for upskilling. Performance Indicators: By M30, final plans are in place for a timely 
transition to the post-project phase to advance the TRLs towards industrials scale, as well as enduring dissemination 
campaigns to support our vision for AGROCYCLE leading the Zero Waste Agricultural Supply Chain 

 
1.2 Relation to the work programme  
The AGROCYCLE project relates to Waste-7-2015 Ensuring sustainable use of agricultural waste, co-products and by-
products of the the Climate Action, Environment, Resource Efficiency and Raw Materials Work Programme for 2014-2015.  
The main innovations of the project include: 

• Optimised design for multi-feedstock  biofuels production with higher conversion yield and improved functionalities 
• Optimised biofertilizers production and use  
• Development of a generic modular design for valorisation and reuse of wastewaters from the processing industries 
• Development of an integrated phytorremediation reactor for the valorisation of livestock effluents 
• Integrated, flexible multifeedstock extraction of proteins, fibers and SPMs from horticultural waste 
• Application of the extracted biocompounds in packaging, adhesives and coating applications 
• Valorisation of rice bran into nutraceuticals and pharmaceuticals products 
• Full value chain analysis (and development of new business models for the swine/poultry/dairy livestock sectors and 

for the wine/horticultural&fruit/arable-grassland including farm, processing and retail) 
• Implementation of multi-actor joint stake holder platforms for knowledge exchange 
• Process fingerprint analysis by environmental and technoeconomic assessment 
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Challenge posed in Waste-7-2015 SC5 AGROCYCLE proposal 
AWCB that are currently not properly taken care in 
environmental and economic terms  

We consider a range of sector specific case studies where AWCBs are currently 
underutilised or considered an environmental burden and transform them into 
untapped business oportunities. Our approach to open up technology pathways to 
enable the cost-effective and sustainable commercial products from AWCB that will 
deliver a plethora of positive impacts for Europe through the Circular Economy. 

In plant production losses take place at the farm and 
post-harvest levels and also down the chain at the 
level of the retail sector 

We consider case studies from the (arable, horticulture, fruit, wine, grassland sectors), 
and consider valorisation of AWCBs for the production of biofuels (WP2), recovery of 
waste waters (WP3,WP4) and high added value biocompounds (WP5).   

Co-products or by-products are generated, for 
instance in the wine sector, which require 
sustainable use 

The wine sector is addressed in two of the case studies, at farm level for the 
production of biofuels from forestall biomass from vineyard activities (WP3) and at the 
processing stage for the treatment of wastewaters (WP4). Phenolic compounds will be 
extracted within WP4. This is one of the sustainable value chains addressed in detail. 

Straw ..attention ..as biomass feedstock and 
potential trade-offs with its relevance for soil 
improvement need to be considered 

The added value of straw as biomass feedstock for biofuels production is considered 
in WP2 in the biobutanol plant production. The potential of straw for soil improvement 
is considered in WP3. 

In livestock production, manure, litter and other 
effluents management are a challenge, in particular 
in industrial production systems. 

The large amounts of waste generated by the livestock industry, makes it one of the 
main EU agricultural waste management problems. We consider the energy 
valorisation of poultry and dairy manure (WP2) and the biorremediation of pig slurry 
(WP4) for forage production and biofertilisers (WP3). 

The impacts on the environment, with emissions to 
the air, soil and water need to be evaluated. 

LCA (cradle-to-gate and cradle-to-cradle) of the agricultural processes/products will be 
performed for the different technologies/case studies considered in WP6. 

..consider the whole effluent chain to avoid pollution 
swapping and health issues, due to possible 
transmission of pathogens. 

Health risks will be assessed in the biorefinery strategies proposed and there are 
dedicated tasks in the work plan. No mixing between livestock effluents and 
human/animal food products will be guaranteed 

..opportunities for new processes enabling 
innovative uses, also outside the agricultural sector. 

Valorisation of horticultural AWCBs and retail and processing sectors into several 
applications including nutraceuticals, packaging, coating and adhesives (WP6) 

 
AGROCYCLE relates to the scope of the Waste-7-2015 call in ‘contributing to the creation of sustainable value chains in the 
farming and processing sectors (including the organic sector with the research expertise of CSRA and sector knowledge of 
EKO)’, with dedicated tasks in WP8 ‘for the definition of new sustainable value chains’ for the wine sector, rice sector, 
horticulture sector, arable/straw/grassland, livestock production –swine, poultry and dairy sector including organic sector. It 
consists of a series of sector-specific case studies (see Map in fig 2 and Table 1) and ‘in terms of sources of waste and uses as 
well as geographic coverage, which should serve to test and take up proposed approaches and technologies’.   
‘On straw and other crop residues (including in mixture with manure for bioenergy production task 2.2), AGROCYCLE develops 
environmental safeguards such as sustainable extraction rates as well as guidance on optimal use of crop residues (in 
particular straw) for soil improvement (WP3), taking into account the need to maintain soil organic matter levels, and on farming 
practices to harvest and handle crop residues for alternative purposes’ (task 3.6 and task 8.1). 
As regards manure and effluents, AGROCYCLE addresses all the areas mentioned in the call: Nutrient, energy and 
biochemical recovery from manure and other effluents; task 2.2, Improved knowledge on the environmental impact of manure 
and other effluents, further developing measurements and good manufacturing practices, minimising impacts on water and air 
quality (emissions and odours); task 2.2 and taks 3.2, task 3.3 are devoted to this issue; Sanitary implications of pathogens 
that can be transmitted from manure and possible control options; task 3.3 and Management chains, from processing to 
transport and application in task 8.1 and task 8.2. AGROCYCLE has a strong industry component including the 
participation of 5 SMEs and many thousands more involved via membership to the partner associations, and includes 12 
demonstration sessions around the 7 pilots involved in the project activities. AGROCYCLE includes participants from China 
and Hong Kong which can provide knowledge transfer. AGROCYCLE takes a multi actor approach, with a project consortium 
comprising RTDs with high technical expertise, industrial partners (SMEs and large industries in food processing and retail), 
technology providers, economic experts in the agricultural sectors, associations of farmers end-users of the technologies and 
associations of technology providers and policy makers.  Technical results of the project will be demonstrated (WP2, WP3, 
WP4, WP5) to the Joint Stake Holders platforms for validation and evaluation of the business opportunities in the sector in a 
dedicated work package WP7.  
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In keeping with the expected scope of projects under WASTE-7-2015 the AGROCYCLE project, with a budget of almost € 7 
million, will focus on optimising the AGROCYCLE processes through a series of research and innovation developments to 
achieve fully sustainable value chains from AWCBs.  

1.3 Concept and approach 
Overall concept underpinning the Project 
AGROCYCLE is a large-scale three year project 
with 24 partners (EU, Hong Kong and China) 
aiming to deliver a 10% increase in agricultural 
waste valorisation by 2020 and to contribute 
significantly to the European policy target of 
reducing food waste by 50% by 2030, as well as 
to contribute to the wave of change that is 
occurring in China in relation to sustainability.  

Beyond food waste being morally wrong in the 
face of starving millions, agricultural and food 
waste has major financial and environmental 
impacts. In Europe, about 90 million tonnes of 
food are wasted annually; a recent FAO report 
suggests that if nothing is done to curb losses, EU 
food wastage will grow by an additional 40% 
by 2025. China wastes £20 billion of food per 
annum, a truly massive amount, particularly 
against a background of expanding food demand.                      

Underutilised by-products and co-products, and 
waste appear throughout the entire agricultural chain: from farmers both livestock and plant production, and food industry to 
retailers. This research proposal therefore addresses the full agricultural chain, from farmers through to the retailer, including 
socio-economic, health and legal issues around current agricultural practices. The main objective of the AGROCYCLE project 
is to demonstrate and validate novel processes, practices and products for the sustainable use of AWCBs, which will be 
tested and evaluated from a technical, environmental and socio-economical point of view, thereby contributing to the creation of 
sustainable value chains in the farming and processing sectors. The AGROCYCLE project will develop: 

• Pilot case-studies to demonstrate the technical feasibility of different valorisation technologies for accute AWCB 
surplus in several EU regions (see Fig 2 and Table 1)    

• New business models to demonstrate the economic opportunity for the different technologies and processes  
• Sustainable value chains analysis, agricultural management practices guidelines and policy recommendations. 
• Joint stake holders platform including an integrated software platform, and a series of activities to serve as a forum 

for the exchange of knowledge between the relevant actors in order to validate the results of the project. 

We consider a range of regional agricultural production cases sudies, with an associated surpplus waste problem, and 
reverse this into an untapped potential for new products. We address current and optimal regulatory frameworks for the 
production of new processes and products and analyse the techno-economic feasibilty of the various technologies adapting 
them to the typical productions scales in the particular industry. In terms of technological developments, we focus on i) novel 
modular flexible designs to cope with variety of AWCP,  ii) multi-feedstock processing to cope with the seasonal availability iii) 
higher efficiencies and better performances. The specific case-studies considered are:  
Table 1- AGROCYCLE pilot case studies 
Technology Region Feedstock Outputs 
Biobutanol fermentation ES Crops, winery, food processing Bioethanol, Biobutanol, Electricity 

Anaerobic Digestion UK, IE Grassland, poultry/cow manure Fuel, Heat, Electricity, Fertiliser 

Biochemical & Biological processing BE, ES Straw, forestry & crop residues Biofertilisers 

Waste Water Treatment GR Juice, Olive oil, wineries  Biocompounds, Forage, Recycled water 

Extraction & formulation GR Rice bran and milling residues Nutraceuticals and Pharmaceuticals 

Multifeedstock biorefinery DE Horticulture residues Biopolymers, packaging and nutraceuticals 

Phytoremediation ES Swine slurry Biofertiliser, animal forage, bioenergy feedstock 

 

Fig 2-AGROCYCLE pilots 
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AGROCYCLE is a trans-disciplinary team bringing together all the relevant skills and organisations needed to address the full 
extent of the challenge to reduce agricultural waste and develop new methods of utilising the waste streams.  In most cases the 
technological solutions needed to valorise waste are known. The challenge is transferring this know-how to where it is 
needed, and creating the political and social environment that encourages both transfer and adoption of these ideas to 
take place. AGROCYCLE will enable this transfer of know-how through its value chain of actors: from academics and 
researchers (UCD, UG, HAU, FRAU, UNIPI, CERTH, SWEDES, DEM, CAU, JRC, NJ, CSRA), to industry participants (5 SMEs 
and 2 large enterprises) specialised in: ICT, novel technology and solutions providers (IRIS); biofuels production (TOMSA); 
biofertilisers (AXEB), agricultural value chain consultancy (NNFCC),  environmental and LCA services (RESET); food 
processors (CG); retailers (M&S). The consortium also includes four associations of livestock farmers (RABDF), crops farmers 
(CIBE), biomass (EUBIA), agricultural machinery (CEMA), organic farming (EKO) and policy makers (GENCAT).  

Positioning of the project  
The activities performed in AGROCYCLE project will span from the experimental proof of the concept (TRL3) to the technology 
demonstration in an operational (TRL6) and relevant environment (TRL7). 

Technology Initial TRL Final TRL Comment 
Biofuels production  4 7 Inclusion of pretreatment and recovery methods in biobutanol pre-industrial pilot 

plant. Optimised feedstock matrix (TRL5-7). Microbial fuels cells (TRL 4-6) 
Micro-AD 3 7 Micro-AD plant is already at pre-commercial level (TRL8). Activities for optimised 

feedstock, heat recovery for pathogens reduction (TRL5-7). Capture, separation 
and re-use of biogas constituents, nutrients and water (TRL3-5) 

Biofertilisers 4 6 Digestate, straw and use as biofertiliser (TRL4-6). Soil risks maps (TRL5-6) 

Valorisation of agro-
industrial wastewaters 

4 6 Not integrated, modular design available for the food processing industry (TRL4-
6). Single-cell protein production (TRL5) anaerobic & MBR anaerobic digestion, 
anoxic/aerobic MBR (TRL6). Pig slurry valorisation (TRL4-6). 

Extraction of proteins, fibers 
and SPMs 

4 6 Independent operational pilots will be the start point of WP6. The integration 
(TRL4-6) into a flexible multifeedstock operation will be performed. 

Packaging applications 4 6 Active packaging incorporating the additives in the polymer matrix (TRL4-6) 

Nutraceuticals from 
extracted biocompounds 

3 5 Rice bran stabilisation, extraction and pharmaceutical formulations  (TRL 3-5) 
Protein extraction and valorisation into food compounds (TRL4-5) 

National or international research and innovation activities linked to the project 
Importantly, the project will build on prior state-of-the-art as well as IP belonging to several project partners. A number of other 
relevant R&I actions have been identified (Table 2) that will potentially be linked to AGROCYCLE, given that the partners have 
or are currently participating in these projects and pilot plants and research efforts will be used to feed the project.  

Table 2- National or international research and innovation activities linked to the project 
Project (and reference) Description Partners 

involved  
Opportunity for carryover to 

AGROCYCLE 
BOSCA Science Foundation IE  Data capture, storage and analyses in the poultry food chain.  UCD, CG TRL7; feed into WP1 ,WP8. 
Redvivus-EPSRC UK Recovery and re-use of nutrients from waste in the food chain HAU TRL3, feed into WP2 
SigmaChain (FP6-834200) Food chain integrity: a protocol to minimise chain contamination 

risk from dangerous agents & substances. 
MRI, UCD At TRL7, and via AGROCYCLE 

will progress to TRL8 
OLI-PHA (FP7-280604-2)   novel method for the production of polyhydroxyalkanoate 

polymer-based packaging from olive oil waste water 
IRIS,IVV,UNI
PI 

At TRL4 moving to TRL5. 
Outputs demonstrated via WP5. 

BIOBOARD (FP7-315313) Development of sustainable protein-based paper and paperboard 
coating systems from valorised food wastes to increase 
recyclability of food/ beverage packaging. 

IRIS,IVV,UNI
PI 

Outputs will be at TRL6 by mid-
2015 demonstrated via WP5 

VALOWASTE(FP7 3194615) Valorisation of agricultural waste streams  IRIS TRL6 2016 feed in WP4,5 
LIFE+ Demeter Aiming for a sustainable and integrated soil management to 

reduce environmental effects 
UGent Outputs could be applied 

throughout WP3. 
COST action 869 Mitigation options for nutrient reduction in surface water and 

groundwaters 
UGent IP feeds WP3, policy group will 

be contacted in WP7 
2010DFA34540 China-Belgium 
International cooperation  

Optical and Spectroscopy for Detecting and Quantifying the 
Animal Protein Materials in Feedingstuffs (2012-2013) 

CAU Techniques for food origin 
assessment (to TRL5-6) 

IBEROEKA Project no. IBK-08-
591 

Synthesis of new thiazolidines by agricultural waste recovery and 
evaluation of its effectiveness 

AXEB 
 

Project results could be used for 
WP3, task 3.5 

049 AGRI GEN RES Genotyping for the conservation and valorization of European rice 
germplasm 

DEMETER Results feed in Task 5.5 

Internal research project The effect of adding rice bran in the quality characteristics 
nutritional value in cereal products 

DEMETER The results feed into Task 5.5 

Anaerobic Digestion Calculator Developed for farmers, businesses, developers and investors 
considering AD projects 

NNFCC The results of this tool could be 
used in WP8. 

Economic assessment for the 
EU Climate Foundation 

Studies economic feasibility & environmental impact of developing 
advanced fuels from crop and forest residues  

NNFCC The results of this project could 
be used in WP8. 
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S2BIOM-FP7 Biomass potential analysis and application in Industry sector SDEWES Results feed in WP7 

7SMEs2010 Gen. Secr. for 
Research & Technology-Greece 

Development of an integrated method for waste water from olive 
processing industry, for high added value compounds production, 
water recycling and environmental protection 

CERTH The results of this project could 
be used as a base for WP4 

11SYN_2_1992. Research & 
Technology-Greece 

Winery wastes exploitation for production of high added value 
products by environmental friendly technologies 

CERTH The results feed in WP4 and 
WP8 

IGBioTech-FP7 
GA: 0315694A 

Integrated production of bio-based fuels, products and chemicals 
in a multi-feedstock process 

IVV The results of this project could 
be used as base for Task 5.1. 

GA: 031A48-German ministry for 
education and research 

Barrier-adhesive for food packaging based on plant derived 
micella protein 

IVV The results of this project could 
be used for WP5. 

FORBIOPLAST-FP7-KBBE-
212239 

Forest Resource Sustainability through Bio-Based-Composite 
Development Large- Collaborative projects 

UNIPI Results feed in WP5 

IntelligentEnergy  Europe/10/228 Geronimo II-Biogas-Untapped biogas opportunities for European 
farmers 

IRIS,RABDF, 
EUBIA 

Multi actor approach, results 
feed in WP7 

Internal project Cellulosic enzymes for second generation ethanol/butanol TOMSA The results feed in Task 2.1 
LCA Lee ReThink.  China + international supply chain RESET The results feed in WP6 
LCA Multi-fabric database.  Everest Textiles Taiwan RESET The results feed in WP6 

 
Overall approach and methodology 
A clear and well-structured work plan (below) has been designed for implementing the research and innovation activities 
necessary to realise the project objectives and ensuring the innovation impacts. 

 
Our research work is split into ten Work Packages (WPs), each with clear tasks that will enable the project’s S&T objectives to 
be fulfilled through a coherent structure that will also facilitate project management. The research work plan is encased in a 
comprehensive risk assessment and management strategy, sound communication and training to heighten the impact of the 
knowledge generated, as well as knowledge management to pave the way for planning and implementing the project’s 
exploitation and dissemination pathways, and robust project coordination and ISO certified project management procedures.    

How sex and/or gender analysis is taken into account in the project’s content 
In relation to gender analysis, gender is relevant to the content of the project, in that even the presence of females in the 
agricultural sector is traditionally limited, there is a strong presence of females along the value chain of the bioeconomy 
industries. To this end, we will perform an internal analysis along every stage of the project to ensure that we maximise 
innovation by benefitting from our ability to consider the gender dimension and in catering for the needs, motivations and 
differences of females where possible. In addition, female inputs to new business models will also be taken into account. This is 
important given that female professionals play an increasingly prevalent role in decision-making in the food processing and bio-
industries. From the engineering perspective, and inspired by how taking gender into account has yielded new research results 
and sparked creativity, opening new avenues for future research for those who give it serious attention1, sex and gender 
analyses will be taken into account during the design of the pilot plant to ensure that the engineers consider any gender related 
design features, to ensure the needs of female operators are analysed and any singularities at that level are embedded in the 
design. In relation to the gender dimension of our consortium, it is noteworthy that there is a presence of female researchers, 
technologists, and industrialists in the consortium, a number of which are occupying senior positions in the project in the 
Steering Committee (Dr. Mirta Pinilla as Innovation Manager) and performing WP and task leadership roles. A recruitment 
policy for securing future researchers and development profiles for the project is in place designed to ensure a reasonable level 

                                                             
1 Londa Schiebinger (2008). Gendered Innovations in Science and Engineering. ISBN: 978080475814 
2 Ejezi T.C. and Blaschek H. P. (2010). Butanol production from lignocellulosic biomass. In Blaschek H.P., Ezeji T.C. and Scheffran J. Biofuels from Agricultural waste and 
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of balance between the sexes. This is important in ensuring the education and training of the next generation of scientists, 
technologist and others needed in the EU and elsewhere in the next generation of the circular Bioeconomy.  

1.4 Ambition  
Advance beyond the state-of-the-art and the extent to which the proposed work is ambitious 
The present project has the ambition to lead the EU into the next generation of sustainable zero-waste agricultural 
practices. Our ground-breaking project objectives will lead to significant knowledge advancements to the state-of-the-art: 

a)Advancements in energy valorisation of agricultural waste. 
Anaerobic digestion (AD) is one of the main bioenergy valorisation strategies for agricultural waste. Typical on-farm 
anaerobic AD operations involve the processing of waste biomass (e.g., food wastes, animal slurries and crop feedstocks) 
primarily to reduce pollution and landfilling and, increasingly in importance, for the production of biogas (a mixture of around 
60% CH4 and 40% CO2) and digestate (usually for soil remediation). Biogas is typically burnt in a combined heat and power  
engine to generate heat and electricity and the digestate is stored and spread to grassland; i.e., typically not arable or 
horticultural land which is where much of the food waste nutrients were originally produced. Water in digestate is not recycled 
back to the AD plant and is either spread to land with digestate or separated and discarded to sewer-drain for re-processing in 
water treatment plants. The CO2 in combusted biogas escapes to atmosphere. Much of the heat generated by the CHP system 
is also lost to atmosphere as effective heat capture from isolated farm businesses is expensive. Energy in biogas can be used 
as a transport fuel or, after mixing with propane to increase calorific value, for injection to the gas grid. In each of these end-use 
scenarios, CO2 in biogas still escapes to atmosphere. Thus, by losing significant quantities of water, heat and carbon (in CO2) 
and by spreading nutrients in digestate to grassland and not arable or horticultural land, a typical on-farm AD waste recycling 
process represents an exceptionally inefficient and wasteful reprocessing process. AGROCYCLE will concentrate on the 
optimal recovery and re-use of energy, nutrients and water in a typical farm AD unit, including the reduction of pathogens by 
the use of excess heat from the CHP. 

Butanol is one of the most promising biofuels due to its superior fuel properties which enable its use as direct transportation 
fuel with greater blend amounts with gasoline or diesel with little or no engine modifications2, as compared to bioethanol and 
biodiesel, which are the main biofuels at the moment3. Several pilot and full industrial scale plants for bioethanol production 
from various wastes have been reported. There are, however no reports on production or pilot scale plants for the production of 
butanol from waste. Recent research studies show very promising results at laboratory scale in terms of conversion efficiencies 
from agricultural lignocellulosic biomass waste2,3 and other AWCB4.  AGROCYCLE research activities will concentrate on the 
inclusion of pre-treatment and recovery technologies that are feasible for pre-industrial scale operation and on the 
determining the optimal waste matrix to achieve high performances and conversion yields.  

b)Advancements in fertiliser use and biofertiliser production 
Fertiliser use has been traditionally linked with animal husbandry. The waste effluents coming from breeding pigs, cows and 
poultry have been used as a rich feedstock for providing the crops with the nutrients needed for plant growth. However, this 
practise has become unsustainable given the intensive animal production leading to large amounts of slurry and manure being 
applied to the fields and the subsequent nitrate contamination problems, a major issue in some European regions. Moreover, in 
the past decades, the improvement in crop science has been leading to the development of specific fertilisers for improving 
certain crop micronutrients and its accurate application (due to improved monitoring systems and scientific knowledge of 
nutrients behaviour) in order to optimise production yield.  
The intensive nature of fertiliser production has lead to a turn towards green chemistry and biofertiliser production as the 
environmental impact of the chemical industry producing fertilisers is very important. The production of biofertilisers aims at 
reusing naturally produced materials, such as animal effluents or crop wastes for extracting important elements in plant 
production. In this sense, AGROCYCLE will develop and test the effectivity of biofertilisers such as lignosulfonates from 
pruning wastes which are rich in fulvic acids improving the organic level of soils and several complexing micronutrients; 
digestate from anaerobic digestion processes which contain N in more stable forms while reduce pathogen load; or phyto-
reduced N and P pig slurry which allow for a larger amount of waste water to be disposed in fields. In addition, the project will 
also evaluate the efficiency of existing natural fertilisers such as straw or crop wastes and study its optimal application practices 
in order to produce sustainable farming practices recommendations and guidelines, including updated soil risks maps. 

c)Advancements in agro-industrial wastewater valorisation, reuse and recycling 
Wastewater (WW) from juice, wineries and olive oil processing industries contain mainly biodegredable organic substances, i.e. 
sugars, carboyhdrates and organic acids at soluble, colloidal and suspended form. Treatment for safe disposal of these WW 

                                                             
2 Ejezi T.C. and Blaschek H. P. (2010). Butanol production from lignocellulosic biomass. In Blaschek H.P., Ezeji T.C. and Scheffran J. Biofuels from Agricultural waste and 
bioproducts. Blackwell publishing. ISBN: 978-0-813-80252-7. 
3 Niemistö J., et al (2013). Biobutanol production from biomass. In Bupta V.K. and Tuohy MG. Biofuel Technologies. Springer-verlag Berling Heidelberg. 
4 Raganati F., et al 2013, Butanol production by bioconversion of cheese whey in a continuous packed bed reactor, Bioresour.Technol., 138, 259–265;  
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streams constitute an important environmental and economical issue. Currently, treating agro-industrial WW by aerobic 
biological processes has many advantages but also it presents some disadvantages, namely, high energy requirements, large 
volumes of aerobic sludge that needs subsequent treatment and unbalanced solid-liquid separation. Membrane Bioreactors 
with microfiltration (MF) or ultrafiltration (UF) membranes have emerged as an innovative biological treatment technology, ideal 
for advanced municipal and industrial WW treatment. However, due to the high concentration of organic substances (> 3,000 
mg/L COD), the high energy requirements and the production of aerobic waste sludge are still considered a significant issue 
especially for high strength WW resulting in a sharp increase of the products prices, reducing their market value and 
competitiveness.  Consequently, many juice/wine/oilve processing WW treatment plants operate at reduced treatment 
capacities or simply malfunction thus polluting the receiving water bodies and raising environmental concerns by the local 
society. The problematic operation of the processing WW treatment facilities is further burdened due to the seasonal 
operation of the fruit/wines/olive processing industries due to the proper acclimatization and start-up of a biological treatment 
facility  difficulties. Furthermore, the processing WW contains numerous bioactive natural compounds (e.g. polyphenols and 
carotenoids) which are products of high-added value that can find significant commercial applications. Currently these 
substances are not recovered, thus the industry wastes a potentially important economic revenue, while contaminating the 
recipient environment due to the phytotoxic and antimicrobial properties of these substances. Anaerobic digestion (AD) is the 
most suitable option for the treatment of high strength organic effluents. Anaerobic WW treatment has several advantages in 
comparison with conventional aerobic treatment: (i) lower sludge production; (ii) lower energy consumption; and (iii) potential 
resource recovery. However, the anaerobic treatment is usually ineffective for providing effluents that conform to the existing 
EU legislation concerning safe discharge to the environment, both due to recalcitrant organic substances and the existence of 
high nitrogen and phosphorus concentration. Therefore, aerobic treatment processes are commonly used as post-
treatment after anaerobic processes to achieve the effluent quality discharge standards for agro-industrial reuse. 

Despite the fact that both the AD process and the aerobic membrane bioreactor technology are both considered a relatively 
mature technology, the combination of an AD process followed by an anoxic/aerobic MBR step is not commonly used, 
especially when treating agro-industrial WW streams. AGROCYCLE aims to integrate these two processes in a generic and 
modular design approach that would permit its implementation in various case scenarios. 
Furthermore, most of the current technologies aim at the degradation of the organic matter and the removal of the nutrients. 
The proposed solution allows for separation and concentration of the high value substances which may provide a new source 
of income to the agro-industry and partially compensate for the cost of advanced WW treatment. Along the same lines, simple 
sugars and carbohydrates comprising the main organic content of fruit processing WW can be used for microorganisms 
fermentation and production of single-cell protein that can be used as nutritional supplement for forage, lowering at the 
same time the organic loading of feeds to the downstream WW treatment facilities. AGROCYCLE will integrate this valorisation 
process prior to the WW treatment plant.  

d)Advancements in biorremediation of pig slurry 
In many countries where there is an intensive swine production, pig slurry poses a great risk for the environment. As a rich 
material in N, P and other plant nutrients, pig slurry is often applied to crops as a fertiliser but also using soil as a natural 
landfill. This affects the quality of ground waters –and in return superficial and marine water bodies. Europe has promoted a 
strict nitrate legislation (EC Nitrate Directive, 1991) designing Nitrate Vulnerable Zones (NVZs) where nitrate pollution risk is 
high. In those areas, pig slurry is usually kept in open ponds for its progressive usage as fertiliser. This technique has several 
drawbacks: slurry can undergo spontaneous anaerobic digestion and generate methane which is a major contributor to the 
greenhouse effect, nitrates can suffer denitrification in anoxic conditions and produce nitrous oxide which is also a powerful 
greenhouse gas and finally it produces air contamination by releasing particles and odours. AGROCYCLE will focus on the 
open ponds to develop, in a cost effective manner, a solution for phytoremediating pig slurry through the usage of aquatic 
microplants (duckweeds) such as Spirodela polyrhiza. These plants can uptake nitrogen and phosphorous from swine waste 
water water and produce large amounts of biomass56. On one hand, this biomass contains an important amount of protein that 
can be used for producing animal feed, on the other hand, high levels of starch can be found in species such as S. polyrrhiza 
which can be used for production of bioethanol7. AGROCYCLE will develop a novel technological solution for adapting the 
existing open ponds and converting them in smart automated reactors with monitoring of nutrient matrix condition and 
automatic harvesting of biomass.  

e) Progress beyond the state of the art in biorefinery from horticultural waste.  
Fruit and vegetable residues are very heterogeneous and are often only seasonally available. In order to allow a valorization of 
these wastes, flexible processes capable of dealing with variable feedstock are required. Suchlike multi-feedstock process 
for the fractionation of mixed plant based residues will be developed in AGROCYCLE project. In order to generate 

                                                             
5 Lu, Y. et al. (2013). Stimulation of nitrogen removal in the rhizosphere of aquatic duckweed by root exudate components. Planta 239:591-603 
6 Olguín, E. et al. (2006). Assessment of the Phytoremediation Potential of Salvinia minima Baker Compared to Spirodela polyrrhiza in High-strength Organic Wastewater. 
Water Air Soil Pollut 181:135-147 
7 Cheng, J. J. and Stomp, A-M. (2009). Growing Duckweed to Recover Nutrients from Wastewaters and for Production of Fuel Ethanol and Animal Feed. Clean 37(1), 17-26 
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maximum value from the waste streams, an integrated process with synchronized individual treatments is aimed at thus 
allowing to simultaneously obtain secondary plant metabolites (SPM), proteins and fibres with high functionality and thus 
suitable for different applications such as packaging constituents, food components, coating and adhesives applications. 

Extracted biocompounds (fibres, SPM and proteins) will be haracterized regarding their functional properties. If necessary 
modification (chemical derivatisation), purification (adsorption, crystallisation) and blending with other constituents (e.g. 
surfactants) will be conducted to achieve the properties required for further commercial application.  

The utilization of fruits and vegetable wastes as source for bioactive constituents such as phenolic compounds has been widely 
described in literature. These SPM are usually extracted from the fibre matrix using conventional (water-alcohol-mixtures) or 
non-conventional solvents (supercritical CO2) and further purified by solid phase extraction. Due to their active (e.g. 
antioxidative, radical scavenging) properties mostly an application as bioactive and thus health promoting food ingredient or 
nutraceutical is suggested. However this approach has a number of shortcomings (unpleasant sensorial profile, difficult and 
costly extraction) and thus, with few exceptions (e.g. tea extracts) suchlike processes and products are not commercialized on 
industrial scale. One of the main non-food applications of SPM is active packaging constituent to increase the shelf life of food 
by introducing antimicrobial and/or antioxidative functionalities. AGROCYCLE will consider further research in this respect and 
incorporate the additives in the polymer matrix to avoid migration into the food. 

Preliminary lab scale trials with extracted proteins will define the most suitable application (coating, adhesive, food ingredient) 
as well as processing techniques (e.g. lacquering as barrier coating, extrusion or co-extrusion) to be applied in pilot scale. The 
resulting materials will be fully characterised regarding its application relevant properties. After identifying the most suitable 
application, the protein formulations will be further optimized with emphasis on its industrialisation (preparation for upscaling to 
industrial scale, robustness of the processes and properties) and optimized bio-fibres from agrowastes will be included in the 
bio-composite solutions and used for example in injected or thermoformed packaging. 
Rice is a very nutritious grain which can be used as a source of several bioactive compounds. In fact, brown rice (unmilled) is 
an excellent source of complex carbohydrates, vitamins, minerals, phytosterols and dietary fibres. However, to obtain the white 
rice (milled), which is regularly consumed by the majority of people in richer countries, almost all the nutrients are lost as they 
are in the bran (RB) and in the germ which are removed during the processing of milling. RB is one of the most abundant by-
products of the rice milling industry. RB fractions contain proteins, carbohydrates dietary fibers, ash, fat, vitamins and natural 
antioxidant compounds. Also, it consists of 14-18% oil, which contains constituents, potentially significant for diet and health. 
Several studies reported that it contains tocopherols, carotenoids, phytosterols, oryzanol, tocotrienols etc., which have great 
nutraceutical applications, and they are used for the development of value-added healthy products. Within AGROCYCLE a 
stabilization method for RB will be deployed, and several rice varieties will be analysed for their phytochemical properties. Final 
research will focus on the characterization and evaluation of new lipid based formulations as drug carriers that will facilitate the 
use of the extracted biocompounds as pharmaceutical compounds. 

f) Advancement of knowledge as a result of agricultural supply chain analysis  
Major issues in the EU/China agricultural supply chain to be addressed by the AGROCYCLE valorization technologies include: 

• Reduced water pollution from poor treatment and disposal of liquid wastes 
• Reduced waste disposal costs and landfill constraints 
• Air pollution from burning of agricultural residues at farm or from use of poor combustion technologies 
• Reduced energy bills, power station air pollution and carbon emissions through avoidance of coal-heavy grid 

electricity 
• Improved product level life cycle credentials 

Harvesting, treating, transporting, storing and delivering large volumes of feestock to a biorefinery plant requires of a careful 
study of the  feedstock supply chain. The use of AWCB poses on the one hand significant advantages due to its abundance 
and low cost, providing a guaranteed supply almost everywhere, and on the other hand its temporal fluctuations in quantities 
and composition would require of additional analysis not required for other traditional biomass feedstocks. A careful analysis of 
the available AWCB, and the design of a careful waste collection strategy to be adapted to each particular situation is required 
in order to guarantee the feasibility of a biorefinery production plant. The biomass supply chain study that will be performed 
during the project and the design of a novel waste management strategy for rural development based on biowaste collection 
and waste management policies currently in place, will contribute valuable knowledge for developing sustainable and profitable 
exploitation pathway for the project results. Importantly, a careful techno-economic analysis of the industrial vs farm scale 
design will be performed for all the AGROCYCLE technologies/processes proposed.  

Innovation potential  
The innovation potential of this project will be very high, as we are focussed on a high interest area. Through AGROCYCLE we 
are founded on a solid scientific basis to make a step change in expanding feedstocks, adding flexibility & modularity to 
cope with seasonal availability and increasing conversion yields, via several processes which have been proven 
experimentally by our participating RTDs. The proposed developments which will be demonstrated within the project will 
spearhead us ahead of the pack in the road towards commercial valorisation of a wide range of AWCB. 
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Importantly, our project is industry focussed, with strong industrial/commercial involvement. With the participation of 5 SMEs 
and 2 large enterprises from the value chain, AGROCYCLE is extremely well positioned for a successful post-project phase 
towards commercial use of the results, where each industrial partner has clear intentions to exploit the results as consultancy 

company (RESET, NNFCC), as a technology provider 
(system integration-IRIS, biofuels-TOMSA, 
machinery-CEMA), biofertilisers (AXEB) or as an end-
user of the outputted biorefinery technologies (CG, 
MS, Members of Associations).  

To this end, AGROCYCLE takes the promising 
research findings from specialised RTDs and 
mobilises a research-industry partnership in order to 
advance the readiness of the technology and to move 
the developments closer towards their commercial 
exploitability, make positive and valuable inroads into 

bridging the innovation gap (figure above). 
The combined agricultural and food sector forms an important part of the  EU economy EU economy, accounting for 15 million 
jobs (7.6% of total employment) and 4.4% of GDP. The EU is the world’s largest producer of food and beverages, with 
combined production estimated at EUR 675 billion. The primary sector reached €168 billion value-added in 2009 8. Unlocking 
the innovation potential in the field of agricultural waste management will significantly contribute to job creation and 
competitiveness. Should AGROCYCLE lead to a minute (0.001%) increase in the agricultural industry by the valorisation of 
10% of the residues in Europe, by 2020 the project will have directly generated €168M and thousands of new jobs in Europe. 

Even greater opportunities for business growth and job creation exist within the realm of bio-based industries. The EU’s Bio-
based Industries Initiative (BII) recognises this potential and seeks to foster new value chains based on the development of 
sustainable biomass collection and supply systems with, among other things, increased productivity and improved utilization 
and valorisation of waste, and on bringing existing value chains to new levels, through optimized uses of feedstock and 
industrial side-streams while offering innovative added value products to the market, thus creating a market pull. Approximately 
10% of the EU’s €491 billion in chemical sales in 2010 was estimated to be generated by bio-based chemicals.9 The value of 
bio-based chemicals is expected to rise to €150 billion globally by 2030, as some 1800 new bio-refineries are expected to be 
commissioned before 2022. The number of jobs created in the value-chain resulting from new bio-refineries is projected to 
exceed 900,000 in the existing EU and new member states between 2010 and 20208. Even if AGROCYCLE plays only a 
minute role (1 %) in the overall growth of bio-based industry, it will be responsible for directly creating nearly 9,500 new jobs. 

Undoubtedly the EU agricultural and food industry face challenges in relation to reduced margins, resource efficiency and 
sustainability. Whilst demand for food, feed and fibre may increase by 70% by 2050, 60% of the world’s major ecosystems that 
help produce these resources have already been degraded or are used unsustainably. Key natural resources such as 
biodiversity, water, air, soil and fish have been used as though supplies were inexhaustible and are still undervalued, and the 
global system that has resulted is ill-prepared for scarcity10. To grow successfully and be competitive under these conditions, 
companies and countries must use resources more efficiently. AGROCYCLE will equip industry with the technologies and 
knowhow to turn these same challenges into business opportunities through the development of innovative applications of 
AWCB, and the creation of new sustainable value chains, which will have a major impact on the competitiveness of the EU 
and international agriculture, food and biorefinery industries, as well as on rural development through biorefinery establishment.  

Finally, freedom to operate is vital for the commercial exploitation of the results, and a thorough patent search has revealed that 
to date there is no existing IPR upon which the AGROCYCLE developments could impinge, and there are patentable 
developments proposed by our breakthrough research. 

2. Impact 
2.1 Expected impacts  
AGROCYCLE will develop sustainable, green business opportunities and jobs surrounding the recovery, reuse and valorisation 
of agricultural waste, co-products and by-products (AWCB) leading to measurable environmental, societal and economic 
benefits for Europe and world wide. Due to the scale, with the agricultural sector being responsible for 9.6% of the overall 
European greenhouse gas emissions11, even small improvements in the recovery and valorisation of AWCB will have 
significant positive impacts. Intensification of the agricultural industry and regional concentration of certain agricultural 

                                                             
8 http://ec.europa.eu/agriculture/statistics/rural-development/2012/ch33_en.pdf 
9 Landabaso, A. (2013). Bio-based Industries Joint Technology Initiative. Towards Green Growth, ECRN Workshop, 10 October 2013, Brussels.  
10 http://blog.euromonitor.com/2012/03/waste-reduction-high-on-the-fresh-produce-agenda.html 
11 Situation and prospects for EU agriculture and rural areas, December 2010, Agriculture and Rural Development, EC. 



Waste-7-2015                                                                                                                                                          

Page 13 of 15 

 

products, followed by its processing result in serious waste related problems that extend along the whole value chain and are 
subject to increasingly stringent regulations. 

AWCB have a high nutrient content and minimal toxicity and often contain high added value substances thus making them 
optimal for their valorisation into, for example, bioenergy, biocompounds, materials, bio-fertilisers, animal feedstock or 
nutraceuticals and pharmaceuticals. These uses would allow for a reduction of fossil fuel extraction, raw material consumption 
and would imply a significant decrease of the environmental impact of agriculture and provide an untapped benefit for the 
agricultural sector and the environment.  AGROCYCLE is a high impact project by performing research work towards 
making this common sense vision of AWCB valorisation commercially viable in practice, and analysing the successful 
potential exploitation pathways across the whole agricultural value chain (and assessing and managing any related risks).  

AGROCYCLE contributes to the expected impacts set out in the topic WASTE-7-2015 Ensuring sustainable use of agricultural 
waste, co-products and by-products, as cited below: 
“Increased awareness and dialogue across sectors on availability, needs and options for smart use of agricultural 
waste, by-and co-products through creation of joint stakeholders platform and other joint structures.” 
AGROCYCLE will implement a cross-sectorial platform gathering actors from across the whole value chain –from primary 
producers to retail companies including policy makers and relevant associations – in order to foster the exchange of information 
on the sources, most profitable valorisation routes and best practises for the treatment of AWCB. The cross-sectorial joint 
stakeholders platform will organise thematic meetings and workshops in order to validate the project results, generate 
recommendations, guidelines and suggestions towards regulation and standard creation. Moreover, the project will create an 
Advisory Board, which will include actors from the most relevant groups dealing with AWCB such as the EIP Agri, the Save 
Food Network promoted by the FAO, the EIP Raw Materials and the EIP Water. The board will participate in the workshops and 
meetings of the joint stakeholders platform and provide valuable inputs to the work done in the project. The joint stakeholders 
platform will also be responsible for liaising with other national and EC research projects, among those in the Waste-7-2015 
call, for exchange of information and best practises.  

AGROCYCLE will also develop an integrated software platform gathering all the knowledge generated in the project in order to 
make it available for all the stakeholders involved in the AWCB value chain. This platform will facilitate the exchange of 
information among producers, managers and legislators of AWCB across Europe and therefore optimise the valorisation routes 
for a successful and responsible treatment of these materials.   

“Improved resource efficiency through reduction of waste and improved waste management in primary production”  
Europe is generating each year 1.3 billion tonnes of waste. Among these, 700 million tonnes are agricultural waste (Pawelczyk, 
2005). The AGROCYCLE project aims at tackling the latter figure by evaluating sustainable waste management technologies 
for different sectors and different types of waste. The optimal treatments or combination of those will be transferred across 
agricultural sectors and knowledge will be exchanged among countries through the creation of a joint stakeholders platform and 
a knowledge platform, which will help in changing the way primary production waste is being managed. 

Not only the waste management in the primary production sector will be improved through the many proposed valorisation 
routes but the resource efficiency will be highly optimised by the resulting products from the developed treatments. 
AGROCYCLE will ensure that the impact of agriculture on the environment is reduced by, on one hand, reducing the amount of 
waste that is not properly treated and, on the other hand, reducing the raw materials and fossil fuel usage which will be 
substituted by recycled and renewable materials, products and fuels obtained from the sustainable treatment of AWCB.  

 “Increased opportunities for valorisation of waste, by-and co-products resulting in environmental and economic 
benefits for the farming sector (e.g. development of new products and processes)” 
The combined agricultural and food sector accounts for 7.6% of the total employment in the EU-2712. More in detail, the primary 
sector reached €168 billion value-added in 2009. AGROCYCLE will focus on the sectors of fruit and horticulture (F&H), 
grassland and animal husbandry (swine, poultry and dairy). The F&H sector comprises almost 130,000 enterprises, the majority 
of which are SME and micro companies, giving employment for to almost 828,000 workers. Around 15 % of the value of the 
EU’s agricultural production is derived from the F&H sector. EU is the World’s second biggest producer of pig meat and the 
biggest exporter with 152 million pigs and a yearly production of 23 million tonnes13. The European dairy industry is a major 
contributor to the European food and drink industry, representing approximately 13% of its turnover (€117 billion of €900 billion) 
and 10% of those employed in the industry (approximately 400,000 of 4 million). Finally, Europe imports roughly one million 
tonnes of poultry meat per annum, and there is major concern amongst the citizens regarding the quality of imported produce, 
its provenance and the environmental impacts of long transport distances. Waste streams on these sectors are ill-defined, but 
there is a large component of environmental and economic impact associated to the outputs from the primary industry.  

“The competitiveness and sustainability of these industries is critical, as they are major components of our food 
supply and important contributors to the European economy, and are the lifeblood of rural development.” 
                                                             
12 Situation and prospects for EU agriculture and rural areas, December 2010, Agriculture and Rural Development, EC.  
13 http://ec.europa.eu/agriculture/pigmeat/index_en.htm 
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Currently the agricultural sector is relying on the yields and prices of their main products (vegetal or animal) for their 
subsistence. However, there is a large potential for diversification of their businesses by valorising AWCB, which would allow 
the farming sector for new business opportunities. AGROCYCLE will evaluate new and existing technologies for AWCB 
valorisation offering farmers with new outputs from their business by developing new products and processes. These include 
the production of biogas from cow manure, straw and vegetable waste, the production of biofertilisers and animal feedstock 
from pig slurry, the creation of bioethanol/butanol from wineries and vegetable waste, waste water purification and the 
development of a multifeedstock biorefinery from fruit and vegetable waste producing bioaditives for plastics, bioplastics, 
biocomposites and natural fibres, active packaging, nutraceuticals and pharmaceutical products and valorisation of proteins.  

By applying these technologies and approaches AGROCYCLE will be producing a major positive impact on the primary sector 
which is responsible for nearly €200b on the EU economy.  

“Enhanced competitiveness through more varied and/or new types of sources for bio-products and bio-energy in the 
agro-food (conventional and organic) and bioeconomy sectors” 
AGROCYCLE will help Europe preserve its leadership in the production of bio-products and bio-energy by using the untapped 
AWCB, thus reducing the dependence on primary sources of materials for bio-products or bio-fuels (such as edible crops) and 
therefore the environmental impact of the output products will be greatly reduced. The creation of the sustainable value chains 
foreseen in AGROCYCLE will impact many European key sectors for the economy with large environmental impact. 

Looking at the chemical industry, the global chemicals market is massive — worth about $3 trillion annually, according to trade 
group The American Chemistry Council — and its products are involved in 95% of all manufacturing. In the context of EU 
industry, high and steadily growing dependency on fossil fuels, an ever increasing price volatility and different levels of political 
instability in many resource exporting countries restrain the growth perspective for conventional European industries14. 
Europe’s future economic success and prosperity depend on the efficient growth of more sustainable high tech industries, 
among them bioplastics and green chemicals. A major opportunity for increased competitiveness of the EU chemical industry 
will be through the wide deployment of the database/inventory of recyclable materials, valuable molecules, substances and 
materials originating from agrofood chain waste and by-products. Indeed, the chemical and plastics industries are key sectors 
for a prosperous and competitive Europe14. Biocompounds from valorised food waste offer a major source of renewably-
sourced green chemicals and bioplastics offering an enormous business opportunity. 70% of bioplastics currently produced are 
used in packaging. A recent market analysis forecasts the global bioplastic packaging market to grow at a CAGR close to 20% 
over the period 2013-201815. AGROCYCLE represents a very timely development to valorise biocompounds from agricultural 
waste into these growing ‘green’ and ‘bio-based’ industries.  

The project delivers a new stream of value-added through the utilisation of waste that up to now has been of “nuisance value” 
and a draw on resources. AGROCYCLE will turn some of that “useless” waste into valuable commodities such as bio-
compounds, fertiliser/soil conditioner, and energy. New income streams will emerge upon which the organic and traditional 
agricultural industry can capitalise because it can divert monies currently used to dispose of waste into its use as valuable, 
income-earning commodities. New, high value jobs will be created in the waste-utilisation space: engineers, chemists, 
business experts, etc. as well as unskilled and semi-skilled jobs in product processing and related functions. 
Furthermore, given the rural location of the production units (farms, regional processing plants), these new 
businesses will be mainly local-regional, thus enhancing the regional development of the EU & China. If we consider 
the case of food waste-derived natural additives, equivocal scientific evidence and restrictive legislation16 has prompted 
continued debate over possible health risks involved in consumption of certain synthetic food additives17. Any potential risks in 
food drive demand for safe alternatives. As economic conditions return to a more healthy state and as supply and demand 
become more closely attuned, uptake of natural additives is perceived as a key growth area for the food additive sector: the 
global food additives market is forecast to exceed US$33.9 billion by 201518. The valorisation of natural additives from food 
waste could position producers to take a solid share of this market in view of their natural, sustainably sourced origin, 
as well as the scientific validation of their technological functional activity and ability to assist processing in food 
models. In this area, the organic farming sector with no toxic or carcinogen chemical products used during their activity will 
play a major role for securing natural and safe additives.  
“Improved soil quality and crop productivity – through an optimal use of crop waste (taking into account the need to 
maintain soil organic matter levels) and nutrient recovery” 
The set of technologies and processes envisaged in AGROCYCLE will ensure a more sustainable use of crop waste but also 
an improved soil quality and crop productivity by returning to the soil the nutrients and organic matter withdrawn from the 
agricultural activity. There are three main routes through which AGROCYCLE will deal with soil quality and crop productivity: By 

                                                             
14 http://en.european-bioplastics.org/wp-content/uploads/2011/04/fs/Green_Chemistry_eng.pdf 
15 http://www.prnewswire.com/news-releases/global-bioplastic-packaging-market-2014-2018-237009271.html 
16 Whysner J, Williams GM. (1996) Pharmacol Ther. 71, 137-51; EFSA Journal 2011;9(10):2392 :IARC Monographs on the Evaluation of Carcinogenic Risks to Humans vol. 17 
(Paris: International Agency for Research on Cancer), vol. 40 (1986)., http://ec.europa.eu/environment/endocrine/documents/final_report_2007.pdf. 
17 Frost & Sullivan's European Feed Antioxidant Report analyses the market from 2002-2009 
18 Food Additives: A Global Strategic Business Report (2010). Global Industry Analysts 
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evaluating crop residues and straw as primary amendments for soil nutrient recovery; by performing a bioremediation on pig 
slurry and applying the resulting output product to the soil as a high-quality, reduced nitrogen fertiliser; by developing novel 
biofertilisers such as anaerobic digestion output digestate or lignosulfonates from forestry or woody crops producing an 
excellent soil amendment rich in fulvic acids, improving organic levels in soil and complexing micronutrients.  
“Improved water quality – reducing pollution and eutrophication of ground waters, and thus indirectly marine waters” 
One of the biggest problems of agriculture in many European regions is the contamination of ground water from the usage of 
mineral fertilisers in crops and from the slurry and manure generated in animal husbandry and released on soils. The former 
contain some metals and chemical compounds that are not completely uptaken by the plants and can leach through the soil 
into the ground water. Similarly, animal excrements contain a high load of nitrogen (and many other compounds such as 
antibiotics) which can also percolate from the soil into the phreatic level producing eutrophication and pollution at large scales 
and resulting in marine water contamination in border zones where there is water exchange such as deltas or estuaries.  

Nitrogen, although needed by crops as a basic nutrient, poses a great threat to the ecosystems and the environment in general 
in those areas with large agricultural pressure. Swine and cattle intensive production generate a large amount of manure waste 
which is usually stored in large open ponds until it is spray applied to fields as fertilizer. This way, soils store all nitrogen than 
the crops they hold cannot uptake and therefore a large amount of mineralized nitrogen forms (Nitrite and nitrate) can be 
leached into the phreatic levels contaminating underground water reservoirs. This is not simply a water contamination incident 
but a large disturbance in different ecosystem compartments, which leads to a widespread contamination event which can 
reach human health issues. Nitrates in an anoxic environment (such as wet fields or water ponds) can undergo denitrification 
and be reduced to nitrite and further to nitrogen gas forms such as nitrous oxide (N2O) which is a known Green House Gas and 
a powerful contributor to Global Warming (298 times higher compared to CO2

19). Moreover, nitrate can cause eutrophication of 
superficial waters where algal blooms can occur due to its fertilising effect. This leads to a decomposition of the newly formed 
algae resulting in oxygen starvation for all other surrounding life forms causing their death.  

Several aquatic plants have been found to have a potential effect of treating high strength organic waste water (HSWW) 
including pig growing effluents. These phytoremediating species include Spirodela polyrrhiza (Lemnoideae sub-family, Araceae 
(or Lemnaceae) family) or Salvinia minima which can uptake the nitrogen and phosphorous in swine waste water and produce 
large amounts of biomass. On one hand, this biomass contains an important amount of protein that can be used for producing 
animal feed, on the other hand, high levels of starch can be found in species such as S. polyrrhiza which can be used for 
production of bioethanol. AGROCYCLE will develop bioreactors in existing slurry open ponds in farms in order to bioremediate 
the animal waste and produce reduced nitrogen and phosphorous fertilizer, animal feedstock and bioethanol sources.  

“Improved air quality – by reducing livestock emissions” 
By using livestock effluents for biofuels production the air quality is improved due to a reduced particulate matter and odour 
impact in comparison with the traditional use of manure or slurry, the direct application onto the environment as fertiliser. One 
of the technologies that will be used for valorising poultry litter and cow manure will be anaerobic digestion (AD) for biogas 
production. During the AD process the animal effluents are confined in a closed reactor therefore no particles are released in 
the air and there is a change in the molecules that generate the odour in manure, and although the overall odour units are 
similar, once the effluents are digested the effect of odour in time and space is significantly reduced. This way, odour lasts 
shorter and travels less distances therefore the quality of air is greatly improved. Moreover, when undergoing an anaerobic 
digestion process there is up to a 95% pathogen reduction20 therefore, in comparison to applying the effluents directly on the 
environment for fertilising purposes, the risk of air contamination is significantly reduced.  

“Progress towards regulatory and standard development, environmental protection and food safety” 
Given that agricultural waste is not included in the EC Waste Framework Directive and therefore there is not a clear regulation 
concerning the use and valorisation of AWCB, one of the main focuses of AGROCYCLE will be the contribution towards a 
regulation and standard development in the field of sustainable uses for waste and the unused co-products and by-products. By 
proposing new regulatory guidelines it will be much easier to foster the usage of currently unexploited AWCB. However, when 
aiming at regulating the primary agricultural sector, since it relates to almost all the other secondary industrial sectors and it 
affects many environmental and economic areas, the process of regulation becomes real challenging. To this end, 
AGROCYCLE will aim at working with regulatory bodies and policy makers at different levels (local, regional, national and 
supranational) and in different areas (waste, energy, food safety, animal and human health issues, environmental protection, 
industry, etc). Moreover, the technologies, processes and products developed in the project will be evaluated towards 
developing new standards for achieving minimum quality levels and homogenising the procedures across the agricultural sector 
in Europe. To this end contacts with national, European and international regulatory bodies such as CEN, DIN, ISO will be 
made. 

 

                                                             
19 http://www.epa.gov/ghgreporting/documents/pdf/2013/documents/2013-data-elements.pdf 
20 http://extension.psu.edu/natural-resources/energy/waste-to-energy/resources/biogas/projects/g-71 


