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PREFACE 

 
Dear colleagues, 
Dear readers, 
 
I am very pleased to introduce the Proceedings of the 49th edition of Actual Tasks on 

Agricultural Engineering, with its unique and long tradition. Due to the worldwide Corona 
pandemic and last online symposium, this year's symposium is gathering us again in person 
in our beautiful Opatija from February 28 to March 2, 2023. 

For the quality of the content of the Proceedings, the authors of 53 papers from 10 
countries are meritorious, including: Austria 1, Croatia 10, Czech Republic 1, Germany 1, 
Hungary 1, Italy 3, Lithuania 5, Romania 20, Serbia 5, and Slovenia 6. 

International professional associations as co-organizers of this year's Symposium are 
Croatian Soil Tillage Research Organization (CROSTRO (HDPOT)) International 
Commission of Agricultural and Biosystems Engineering (CIGR), and European Network for 
Advanced Engineering in Agriculture and Environment (EurAgEng). 

The scientific importance of the ATAE symposium is assessed by the fact that papers from 
the Proceedings have been indexed since 1997 into databases: Clarivate Analytics: Web of 
Science Core Collection - Conference Proceedings Citation Index and CAB International - 
Agricultural Engineering Abstracts. Access to the web edition of the Proceedings is free of 
charge at the website https://atae.agr.hr/proceedings.htm. 

I would like to thank all authors, reviewers and especially the members of the Organizing 
and Scientific Committees for their efforts in making this conference possible. 

It is my pleasant duty to acknowledge the financial support from the POLJO-NOVA d.o.o. 
I hope that at the next ATAE symposium in 2025, we will gather again in person and make 

a toast with a glass of wine for our 50th anniversary of ATAE symposium. 
 
Zagreb, March 2023 Mateja Grubor, editor 
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ABSTRACT 

The volume of waste produced by agricultural activities is constantly rising, 
due to the continuous increase of crop and livestock production, aimed to cover 
the nutritional needs of the accreting population of the planet. This enormous 
mass of wastes has a significant environmental impact. A very promising way 
to reduce the environmental footprint of agriculture, passes through the 
valorization of agricultural co-products, by-products, residues and waste, as 
well as other materials - such as plastics – widely used for crop cultivation and 
animal production, after the end of their working life. In order to involve 
farmers to play an active role on this issue, contributing to transform what they 
currently consider as a “waste” into a new resource, under the perspective of 
a circular economy and for a more sustainable agriculture, the Project 

49. ACTUAL  
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ENGINEERING  

   Preliminary communication 
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TANGO-Circular has been financed by the EU Erasmus+ Programme. Aim of 
this Project is to contribute to the development of regional ecosystems, directly 
providing valuable economical inputs by integrating, through a Quadruple-
Helix approach, innovative solutions, with a work-based learning. Core of the 
Project is the design, implementation and validation of some “Rural Labs”, in 
which farmers and other relevant stakeholders will be trained through a 
“knowledge-driven” approach. There, new ways of training will be explored, 
for the sake of a larger audience of trained people, working in the Project 
Countries as well as in the rest of Europe. 

Keywords: Sustainable agriculture, waste valorization, Rural Labs, new 
entrepreneurship, Quadruple-Helix approach. 

INTRODUCTION 

It is well known that climate change is affected and affects to a large extent agriculture 
and animal husbandry. According to the current climate state, the need to transition to a more 
sustainable situation, mainly regarding the agricultural and livestock sector, is now almost 
inevitable. Also, the energy crisis that Europe is currently facing, reinforces the exigence to 
find new ways of producing energy. As agriculture and livestock activities produce a lot of 
unexploited remains, methods for utilizing these residues, industrial by-products and co-
products, appear to be the key to this problem. The valorization of agro-livestock organic and 
non-organic wastes is a technique applied in rural areas for the production of energy and for 
manufacturing new value-added products such as soil improvers, animal feed, biofuels etc. 
(Yaashikaa et.al., 2022). Below, a graphical display of the fate of fruits and wastes is presented 
in figure 1. 

 

 
Figure 1 The fate of processed fruits and vegetables. (Source: Dey et.al., 2021, Valorization 

of agro-waste into value added products for sustainable development.) 
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Field and Industrial by-products of agricultural crops or animal by-products as well as 
plastics used in these sectors, can be classified into organic and non-organic wastes. The most 
common wastes are presented on Table 1. 

 
Table 1 Classification Of Agricultural and Livestock wastes 

Organic waste Inorganic waste 

Agricultural Livestock Agro-livestock by-products 

Field plant by-
products 

Industrial 
Plant by-
products 

In farm 
animal by-
products 

Industrial 
animal by-
products 

Agro-livestock plastics 

Herbaceous Crops 
straw, leaves, 

stems, husks, cane, 
flowers, scraps, no 

seed plant parts 

Rice/sunflower 
etc. husks 

Solid & 
liquid 

manure 

Animal 
droppings  

Plant Protect Product 
packages 

Peels Animal 
bedding Fat Irrigation tubes 

Seeds Damaged 
feeders Skin Crop protection plastics 

Vegetable Crops 
leaves, stems, 

discarded fruits, 
bulbs, tubers, roots 

Nut shells 

Other 
remains 

Hoofs Fertilizer bags 

Pressed grape 
drags Feathers Plastic animal feed bags 

Pomaces Hairs Vineyard Nets 

Orchard Crops  
tree prunings, 

leaves, discarded 
fruits or flowers 

Press cake Eggshells Mulching films 

Bagasse Other 
remains 

Landscape fabric 

Other remains Other remains 

 
Concerning the environmental, financial and energy issues that have arisen, appropriate 

education of the farmers appears to be necessary. Producers as well as society must be 
informed about the need to transition to a new sustainable model following the rules of the 
circular economy.  

In the context of this necessity, Erasmus+ and EU funded the TANGO-Circular Project. 
The core of the project is to clarify to the producers and the relevant stakeholders, that 
utilization of the unusable remains of the crops or animal farms may enhance their financial 
input and simultaneously contribute to reducing the ecological footprint of their agro-
livestock activities (Manniello et al., 2021). 

Farmers constitute the main gear of food and economic chain, so their role on the adoption 
and implementation on new sustainable methods in the framework of circular economy is 
important (Picuno, 2016). Unfortunately, most usual methods farmers follow regarding agro-
livestock wastes management, are burning or burial depending on the type of waste. This 
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strategy has been followed by farmers over the years and is still followed on a smaller scale, 
due to lack of legislation framework and to insufficient information about the impact such 
activities can cause. As farmer’s and other stakeholder’s activities affect in a great extent 
many sectors such as environmental, economic, food etc., they deserve a proper information 
about current environmental situation and a specific training in agricultural circular economy 
(Baptista et al., 2021).  

 

 
Figure 2 Agricultural by-product, co-product and waste management hierarchy  

(Statuto et al., 2019). 
 
TANGO-Circular Project sets as a goal the collaboration of five (5) European Countries 

(France, Greece, Italy, Portugal and Spain) from Mediterranean Europe, for the development 
of an educational program that includes state-of-art technologies regarding collection, 
transportation, valorization of agricultural wastes, significant information about legislative, 
economic, social and technical sector, as well as many more topics, so the EU producers can 
acquire elementary and profound knowledge. The implementation of the project objectives is 
carried out according to a Quadruple-Helix approach, involving Public Authorities 
(Regional/Local Ministries/Agencies, etc.), RTD performers/ VET providers, Private 
stakeholders (Farmers Associations, Collectors/Recycling Firms/Associations, etc.) and the 
Civil Society (NGO, No-profit Associations, etc.). The pivotal venture conducted by the 
Project, is the modelling and implementation of some “Rural Labs” in which, under the co-
ordination of the Partner Universities, expert in agricultural waste management, the farmers 
and other relevant stakeholders will be trained. The main view of these Rural Labs is the 
execution of new, interactive training models, combining an on-site training with the 
implementation of new ICT tools, to be produced for the sake of a larger audience of trained 
people, working in the Project Countries as well as in the rest of Europe. 
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OBJECTIVES 

Currently in Europe, there is no such approach to the training of farmers, who very often 
find themselves managing waste plastic streams and agricultural residues without the right 
technical skills, without knowing the good practices that could lead to a proper exploitation 
of the streams themselves. The TANGO-Circular project is in line with the EU Common 
Agricultural Policy and needs a European approach in order to contribute to the achievement 
of the requirements a) to ensure the continued "greening" of this policy and b) to decrease any 
adverse effects of agriculture on the environment. Indeed, it aims at bringing together major 
stakeholders of the agricultural sector, including agricultural workers (farmers). The idea 
behind this approach is to ease the transfer of technological advancements of the agricultural 
sector from the laboratories directly to the people involved in the process. By creating a 
European consortium, the project aims at facilitating the transfer of advancements from every 
European country research institute to each farmer within the EU. 

Furthermore, the direct communication between agricultural workers is a major advantage 
of the virtual environment that this project wishes to implement. The new strategy intends to 
take on the burden of managing waste from all major sectors; while recycling targets exist for 
some of them, for others (e.g., construction and agriculture) they are currently not defined, 
and separate legislation exists for the different waste typologies. Among others, it is 
interesting to focus on plastics used in the agricultural sector (Briassoulis et al., 2013; Picuno, 
2014). Furthermore, the EU analysis specifies that a large proportion of this waste could be 
burnt or dumped in fields, as audits of collection systems have shown that none of them 
collects more than 70% of the agro-plastic (Briassoulis et al., 2010; Picuno C. et al., 2020). 
The objectives for the future will be to improve the collection and recycling rates of this waste 
and, where possible, to try to replace it in alternative ways. 

For this to have an actual value, European cooperation is needed, in order to include 
agricultural workers from across Europe. In this way, they will be able to exchange opinions 
about by-products and waste, on the possible valorization process, on whether or not the 
process of valorizing a certain type of waste or agricultural residue is worthwhile, and other 
issues with colleagues from around Europe. Nowadays, agricultural workers have to be more 
creative in order to compete in a globally demanding market. Sustainable agriculture and use 
of environmental technologies are key elements to a successful agricultural business of 
tomorrow. Exchange of experiences about these issues with other agricultural workers across 
Europe that may have experimented in the past is significant for the success. The cooperation 
between various European partners will allow for the transparency, comparability, 
transferability and recognition of qualifications, between the participating countries and will 
lead to a joint training program that makes the various stakeholders aware of the good 
practices of exploitation of flows in the perspective of a circular economy. The project results 
will be in this way exploitable practically in every European country. Initially, stakeholders 
from the participating countries will be invited and afterwards the results will be disseminated 
to all major European associations and research institutes of agriculture. 

The specific objectives that this hands-on training will try to achieve are numbered below: 
- Training 1000 farmers (i.e., 250 farmers in each one of the four Rural Labs) and a total 

of 200 stakeholders (i.e., 50 stakeholders in each one of the four Rural Labs) in EU 
along the project  
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- Stimulate new entrepreneurship in the field of collecting, transporting and re-using 
biomass coming from agricultural co-products, by-products residues and waste, as well 
as in the field of agricultural plastic collection, transportation and mechanical 
recycling. 

- Boosting innovation through developing and implementing new multidisciplinary 
approaches to teaching and learning. 

- Developing a sense of initiative and entrepreneurial mind-sets, competences and skills, 
opening up new learning opportunities for farmers and stakeholders playing a key-role 
in waste management chain. 

- Stimulating the flow and exchange of knowledge between higher education, VET, 
enterprises and research, in the framework of a Quadruple-Helix approach. 

- Identifying resilience-related, market needs and emerging professions, including via 
the cooperation of HEIs and VET providers with national, regional and local 
authorities, as well as the private sector, to contribute to designing and implementing 
Smart Sustainable Specialization Strategies (S4) in their regions. 

- Develop and implement new multidisciplinary curricula for the valorization of 
agricultural wastes in the framework of a Circular Economy, by implementing new 
digital skills. 

- Test new learning tools for teaching and learning, learner-centred and customized on 
the requests coming from the people to be trained (e.g., video tutorials, “didactic pills”, 
etc.). Along the whole Projects, at least 20 video-tutorials and 40 didactic pills, 
translated in all the languages of the participating Countries, will be produced; 

- Development of a specific model of rural living labs – 4 Rural Labs - in the 
participating countries and to validate its replicability at EU level as an innovative 
organizational model to develop Sustainable Circular Business models in rural 
communities.  

- Compilation, selection, and optimal configurations of state-of-the-art technologies. 
- Political, Economic, Social and Technical (PEST) analysis. 
- Training Needs Validation and Curriculum Design. 
- Identification of new skills for future professionals. 
- Identify alternative business models for waste collection and treatment based on farmer 

needs, as input to public policies. 

METHODOLOGY 

The TANGO-Circular Project follows a well-defined methodology for the preparation, 
design and delivery of the training program. The Workplan (figure 3) has been conceived to 
be lean and structured to accommodate as many users as possible and can be schematically 
described as follows: 

- Analysis of the skills acquired by agricultural workers based on the latest research in 
the scientific bibliography, to provide a good scientific basis. 

- Providing a training program that is comprehensive and detailed in all its parts. 
- Strengthening of the users' curricula, and provide strong capacity to the user being 

trained. 
- Development of smart skills so that they can be used by the final operator. 
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Figure 3 Overall Workplan structure. 

TRAINING PROGRAM 

The TANGO-Circular training program will be organized into the following nine (9) 
training modules:  

1. Classification of agricultural biomass. 
2. Valorization of agricultural biomass. 
3. Valorization of agro-food co-products, byproducts and organic residuals.  
4. Classification of agricultural plastic waste. 
5. Collection, transportation and recycling of Agricultural Plastic Waste. 
6. De-contamination and valorization of Agricultural Plastic Packaging Waste. 
7. Waste/Biomass legislation. 
8. Environmental, territorial and economic planning, associated with each form of 

valorization.  
9. Advantages and disadvantages associated with each possible form of valorization. 
 
Each module will have a duration of eight hours of blended learning, organized into:  
- 2 hours of face-to-face lessons 
- 2 hours of demonstration at the Rural Lab  
- 2 practical training at the Rural Lab  
- 2 hours of online learning.  
Each module will enable to be credited for 0.5 ECTS/ECVET points. 
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CONCLUSIONS 

Trainees in the field of agriculture and youth farmers, as well as relevant stakeholders and 
enterprises involved in the specific sector’s activities, will benefit from the short, medium and 
long-term effects of the Project. Taking into consideration that in the EU Mediterranean 
Countries the agriculture sector has a significant representation in the labor market, it is 
recognizable that the acquisition of digital and green skills for the youth, who intend to work 
in that field, are fundamental prerequisites. Indeed, the implementation of the project's 
activities shapes great potential to offer tailor-made opportunities in youth trainees - farmers 
and employees in the agricultural sector - to obtain competencies and skills according to the 
existing and emerging needs in that field. The coherent set of activities included in the Project 
will therefore have a significant socio-economic impact, since it will capitalize the potential 
of young people to tackle the challenges and initiatives in the agriculture sector. It is important 
to refer to the impact of the project in the labor market and the long-term effects. Specifically, 
enterprises and stakeholders in the field would have the opportunity to upgrade their efforts 
to minimize the agricultural waste. The harmonization with the rules of circular economy 
stresses the crucial importance of implementing new multidisciplinary approaches to teaching 
and learning, fostering education programs and activities within agricultural enterprises. 
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