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Executive Summary 

 

Objectives  

To educate a new generation of aquaculture researchers and industry stakeholders who 

focus on sustainable exploitation of their new knowledge, skills and tools to advance an 

innovative European aquaculture sector. The set-up of the training courses will centre on 

fostering a culture of cooperation between all parties involved. 

 

Rationale:  

To foster and build the human capital of the European aquaculture sector several goals are 

set by the Strategic Research and Innovation Agenda of EATiP to which AQUAEXCEL2020 

will contribute. All AQUAEXCEL2020
 training courses are multi-partner collaborations bringing 

together unique knowledge, tools and skills to create innovative modules that promote and 

enable peer-to-peer networking and collaboration. Participative training design ensures 

exchange and mutual learning between trainers and participants from both academia and 

industry. New models and partnerships for learning are explored for future recurrence, 

encouraging career development and innovation in the sector. Access to Research 

Infrastructures (knowledge, facilities and experience) will add value to the training. The 

training courses are state-of-the-art, transferring new knowledge and insights originating from 

the research and services carried out and created by AQUAEXCEL2020, and building upon 

outputs, tools and achievements from FP7-AQUAEXCEL. 

 

Main Results: 

The AQUAEXCEL2020 training course “Recirculating Aquaculture Systems (RAS) 

Technology” was the second face-to-face course in the AQUAEXCEL2020 training course 

series and was provided by Wageningen University (WU) (the Netherlands), with the 

expertise of Ifremer (France), Nofima (Norway), Norges Teknisknaturvitenskapelige 

Universitet (NTNU) (Norway) and Danmarks Tekniske Universitet (DTU) (Denmark). The 

objective of this course was to facilitate participants in gaining an understanding of the 

principles of recirculation technology, the types of RAS and their specificities, capabilities and 

limitations, the advantages and necessary conditions for the optimal use/operation of RAS, 

and the ongoing research which can increase its efficiency and nutrient use.  

 

This AQUAEXCEL2020 training course took place in May 2019 with 27 participants attending, 

who were selected based on their submitted applications. The course included lectures, 

practical exercises, technical visits and an industry mini-seminar. The half day industry mini 

seminar focused on the state of RAS in the world, the requirements of Atlantic salmon smolts 

and post smolts in RAS, yellowtail kingfish and off flavour, and RAS in practice, organised 

with NGvA (the Dutch association for aquaculture) and Aquarius (aquaculture student 

organisation). The industry mini-seminar gave the course participants a unique opportunity to 

exchange with industry professionals in the field, with discussions focusing on the latest 

scientific advances in the RAS sector, and information on RAS development and needs for 

sustainable development in other countries within and outside the EU. The RAS Industry mini 

seminar was also open to industry stakeholders not enrolled in the entire course to facilitate 

their busy schedules. 
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Introduction 

 
AQUAEXCEL2020 aims to foster a culture of cooperation between European aquaculture 

Research Infrastructures (RIs), the associated research community, the aquaculture industry 

and other relevant stakeholders, which will help develop a more efficient and attractive 

European aquaculture Research Area leading to a sustainable and globally competitive 

European aquaculture sector. One of AQUAEXCEL2020‘s specific aims is to provide state-of-

the-art unique training courses to educate a new generation of aquaculture researchers and 

industry stakeholders who focus on sustainable exploitation of their new knowledge, skills 

and tools to advance an innovative European aquaculture sector. Work package 4 of 

AQUAEXCEL2020 has a dedicated task focused on training a new generation of aquaculture 

researchers and industry stakeholders. 

 

Nine technical training courses in total will be organised by different AQUAEXCEL2020 

partners offered to people within and outside the partnership. The courses will focus on 

different aspects of aquaculture experimentation to foster a culture of cooperation between 

all parties involved. These training sessions will transfer new knowledge and insights 

originating from the research and services carried out and created by AQUAEXCEL2020. 

 

This AQUAEXCEL2020 training course which was held on “Recirculating Aquaculture Systems 

(RAS) Technology” was a four-day face-to-face course with the objectives of reviewing the 

fundamentals of RAS and examining the different systems, designs, operations and 

applications.  

 

RAS technology was developed in the 1980s, but its use in aquaculture remained quite 

limited until recently. However, the necessity to save freshwater in aquaculture practices, 

coupled with i) the necessity to increase fish health and safety in particular the salmon 

ongrowing industry by reducing the use of chemicals, and ii) the progressive enforcement of 

EU water quality regulations, has transformed RAS technology into a key method to develop 

and advance aquaculture production. This has led to increased training needs on RAS 

technology in the industry.    

 

In total 11 tutors contributed to this training course (see Annex 4). Eight tutors are working in 

research institutes which are partners in the AQUAEXCEL2020 consortium (WU, NTNU, 

Nofima and DTU) and three were external contributors. These leading experts in RAS 

technology presented on the principles and concepts in RAS and discussed the operation of 

conventional and ‘ecosystem approach’ based RAS. Participants gained an understanding of 

the principles of recirculation technology, the types of RAS and their specificities, capabilities 

and limitations, the advantages and necessary conditions for the optimal use / operation of 

RAS and the ongoing research which can increase the efficiency and nutrient use of RAS. 

 

This RAS training course included: i) aspects of recirculation technology relevant to research, 

ii) design, management, operation and evaluation of RAS iii) fish consumption and 

production: system mass balance and model iv) closing systems, v) minimising water and 

nutrient use, vi) different use of RAS, vii) technical visits. The course included lectures, 

practical design exercises and technical visits. Additionally, a half day industry mini seminar 

was organised which included topics such as the state of RAS in the world, the requirements 
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of Atlantic salmon smolts and post smolts in RAS, yellowtail kingfish and off flavour and RAS 

in practice. This mini seminar was organised with NGvA (the Dutch association for 

aquaculture) and Aquarius (aquaculture student organisation), and gave the course 

participants an opportunity to exchange with industry professionals. This RAS mini industry 

seminar was also open to industry stakeholders not enrolled in the entire course to hear 

about the latest discussions and scientific advances in the RAS sector, and exchange with 

the course participants to gain information on RAS development and needs for sustainable 

development in other countries within and outside the EU. 

 

1. Face-to-face course 2 

1.1 Pre-course activities 

A promotional leaflet to promote the Training Course “Recirculating Aquaculture Systems 

(RAS) Technology”  was developed (Figure 1) and distributed through several channels such 

as the AquaTT aquaculture mailing lists, the European Aquaculture Society (EAS) 

distribution channels, Federation of European Aquaculture Producers (FEAP) and European 

Aquaculture Technology and Innovation Platform (EATiP) distribution channels, EuroMarine 

(the European marine science network), the project website (Figure 2), social media and the 

partners’ channels. Annex I shows the promotional leaflet. 

  
Figure 1: Promotional leaflet for RAS course 
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Figure 2: Screenshot of website promotion and application details for RAS course- 

https://aquaexcel2020.eu/training-courses/upcoming-training-courses-apply-now 

 

The application period of the course was open from 26 February 2019 until 19 March 2019 

and applicants were required to complete a registration form (Annex 2) and a statement of 

motivation and email both together with their CV to aquaexcel@aquatt.ie. 

 

The target audience was aquaculture professionals (e.g. engineers, researchers, etc.) 

interested in the potential applications of RAS. Participants were required to have basic 

knowledge of aspects of recirculation technology, either on the design or operational use. 

Interested industry stakeholders not able to partake in the full course were welcome to take 

part in the industry mini seminar only. 

 

110 individuals in total applied to participate in this training course, while the maximum 

number of participants possible was 25. A selection procedure to create a shortlist was put in 

place by Wageningen University to evaluate applicants based on their CVs and motivation 

letters.  

 

The training programme from the AQUAEXCEL2020 project is set up to improve the research 

capacity across Europe. The programme is targeted at training a new generation of 

aquaculture researchers and industry representatives working in the field in one of the EU 

member states or new members and associated states of the enlarged EU, facilitating 

access with special focus on young researchers. Based on this, participants were selected 

based on the criteria: focus on candidates based in EU and new member states but including 

https://aquaexcel2020.eu/training-courses/upcoming-training-courses-apply-now
mailto:aquaexcel@aquatt.ie
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a few non-EU candidates where increased collaborations could be of benefit to Europe, and 

professionals and scientists working in the ‘RAS’ field with the ability to contribute to 

improving RAS research capacity across Europe. 

 

1.2 Course activities 

Based on the overwhelming response and oversubscription, it was decided that an extra 2 

applicants could be accommodated and so 27 aquaculture stakeholders from 14 different 

European countries and Africa, Iran and Turkey, were selected to attend the second 

AQUAEXCEL2020 face-to-face training course on RAS Technology (see final participant list in 

Annex 5). The activities during the training course are presented in detail in the course 

agenda in Annex 3 and course tutors and their contact details are listed in Annex 4. During 

the training course, theoretical lectures were interspersed with technical visits and practical 

assignments. In that way, scientific concepts could be verified by the course participants and 

put into a practical context enabling participants to “learn-by-doing”. Higher cognitive levels of 

learning were gained in discussions throughout the course as well as during the industry mini 

seminar.   

 

The training as well as the seminar provided good interaction with top specialists, lecturers 

and industry stakeholders, with innovative examples, active in the field of RAS (from Norway, 

the Netherlands, Denmark, USA) (see participant list of industry seminar in Annex 6).   

 

The goal was to continuously have as many lecturers as possible present during the course 

and especially during the mini-seminar, as well as during lunches and social dinners to give 

participants the opportunity to interact with top specialists in the field. Throughout the course 

a minimum of three lecturers were present constantly. During the excursion, there was 

sufficient time for the participants to ask farmers questions.  

 

A special (web-based) Blackboard learning environment was created, to which students and 

lecturers had access. All course training materials were placed on Blackboard, with an online 

module established specifically for this training course (see Figure 3 with print-screens of the 

site). The site contains links to the presentations and instructional material used during the 

course, as well as a discussion board and library of articles, informative literature and 

documents. 
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Figure 3: Screenshot of Blackboard page. 

 

The training course was designed so that theoretical lectures were interspersed with 

technical visits and practical assignments. In this way, scientific concepts could be verified by 

the course participants and put into a practical context where participants were learning by 

doing. Higher cognitive levels of learning were gained in the discussions in between, and at, 

the seminar. The training at the seminar provided an interaction with top specialists, lecturers 

and industry stakeholders active in the field of RAS who provided innovative examples from 

the field of RAS.  

 

After a short introduction explaining the context of the training course each participant could 

introduce him/herself briefly. Following this, a series of lectures took place on the state of 

RAS in the world, water quality requirements, and fish, consumptions and productions. A 

Nofima speaker discussed design, dimensioning and operational aspects of RAS research 

facilities. This lecture served as a starting point for the rest of the course, and gave an 

overview of all aspects that should be considered in a successful RAS design. After 

discussing this detailed overview, in the evening a technical visit took place to the 

Aquaculture and Fisheries Group- Aquatic Research Facility (AFI-ARF) experimental 

facilities. The theoretical aspects came to life as the technology discussed during the day 

was presented in a complete, working example.  

 

The second day followed the same format with lectures followed by a technical visit. Lectures 

focused on tank hydraulics and removal processes for solids and suspended solids, gas 

control, biofiltration procedures, mass balance basics, nitrification kinetics and biofilter sizing. 

This was followed by a technical visit to a recirculating eel farm. 
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The third day began with lectures on biofiltration, bacterial control, biosecurity, and waste 

treatment and valorisation. The remainder of the day was dedicated to the mini industry 

seminar. A broad range of people participated in the seminar, which brought science and 

industry together. Scientific findings and best practices from industry were shared and this 

led to new discussions and insights. The seminar included expert talks on the state of RAS in 

the world, requirements of Atlantic salmon smolts and post smolts in RAS, off-flavour and a 

talk by King Fish Zeeland on RAS in practice. King Fish is a marine aquaculture company 

producing Yellowtail in land-based recirculation systems, and is the world’s first RAS fish 

farm to be awarded a Best Aquaculture Practices certification from the Global Aquaculture 

Alliance, a non-profit organisation dedicated to advocacy, education and leadership in 

responsible aquaculture. The seminar finished with social drinks and a business market by 

Aquarius. This gave participants the valuable opportunity to network with industry experts 

and discuss common practices and practical solutions to real life challenges in RAS farms. 

As a result, the lectures and discussions from the RAS course were placed in perspective 

even more. 122 people attended the industry seminar (86 displayed on sign-in list, 25 

participants and 11 teachers) and positive feedback was received.  

 

The final day of the course began with lectures on environmental impact, IMTA and risk 

management, low energy RAS and energy control in RAS design. The participants then took 

part in two practical exercises which enabled them to use their new knowledge in practice. 

During the exercises participants were challenged to calculate the maximum carrying 

capacity for a theoretical system. A case study with relevant numbers was provided and all 

necessary calculations for the actual design were discussed. One practical exercise 

focussed on the technical requirements and aspects of water quality, TAN and the impact of 

feeding, whereas the other focussed on fish growth performance, body composition and 

harvesting.      

 

 

Figure 4a: Participants at the mini industry seminar 

 

 

Figure 4b: Participants at the mini industry seminar 

 

 

Figure 4c: Participants during the RAS course 

 

 

Figure 4d: Participants during the RAS course 

 

 

Figure 4e: Participants during the RAS course 
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Figure 5: Promotional leaflet for industry seminar 

 

1.3 Post-course activities 

After completion of the course, participants were asked for feedback via an online survey 

(Figure 6), of which the results are given in Annex 7. These results will help the training 
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course organisers to improve the distance learning course and future AQUAEXCEL2020 face 

to face training courses, and evaluate the need for future RAS courses. The results of this 

evaluation exercise were confidential and anonymous so participants could be honest in their 

comments. The survey was online and took about 15 minutes to complete. 

 

 
Figure 6: Print screen of welcome page of the online evaluation survey. 

 

Participants were given a certificate of participation if requested upon completion of the 

course (Annex 8). All lectures were also made available to participants after the course 

through the BlackBoard system at Wageningen University. 

 

AquaTT organised pre- and post-course activities, such as finalising course design, 

developing promotional leaflets and practical information documents, assisting in the 

organisation, managing the registrations, publishing and promoting the training courses, as 

well as carrying out and analysing the evaluations. 

 

2. Conclusions  

Most participants heard about the course from colleagues (46%) and from the 

AQUAEXCEL2020 website (46%). 4% of participants found the course through an internet 

search and 4% heard about it through another source. The online feedback survey was 

answered by 26 attendees, and all results are included in Annex 7. One participant had 

difficulty with submitting her survey report and tried to submit numerous times. We believe 

that this is the reason that for some of the answers there were over 27 total responses (but 

on further investigation it can be seen that the number of complete answers for each 

question is never more than 27).  
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Almost half (46%) of the participants received travel and subsistence funding to attend this 

course from their employers, while 25% were self-funded and 29% received project/grant 

funding. As with the first AQUAEXCEL2020 RAS course in France, the fact that quite a 

significant part of the participants of this RAS course were willing to self-fund their expenses 

emphasises that it is an important and timely training course.  

 

The training course achieved the desired objective to inform and teach participants about the 

principles, concepts and operation of conventional and ecosystem approach-based RAS 

technology through a range of learning elements including traditional lectures, and practical 

forms of learning to apply knowledge. This is evident as the percentage of participants with 

detailed knowledge of RAS increased from 40% before the course to 78% after the course. 

No participants had expert knowledge of RAS before the course, but this increased to about 

4% after the course.  

 

The participants’ feedback showed very positive results of the course. All participants agreed 

or strongly agreed that the duration of the course was good, that the procedure for 

registration was clear and simple, that the communication of the course (programmes, 

announcements) was good and that the information at the start of the course was clear. All 

participants bar one (who selected undecided- possibly due to not seeing the leaflet) agreed 

the informational leaflet was informative and visually attractive. The main conclusion from 

this feedback is that the following AQUAEXCEL2020 face-to-face training courses should 

follow the steps taken for the RAS course in terms of registration, course duration, 

promotional leaflet and communication.  

 

The training course achieved a very successful grade from the participants, with 63% 

awarding it the highest grade -excellent- and 33% awarding it a grade of good; totalling 96%. 

No participants rated the course poor or below average.  

 

Some examples of reasons for the excellent grades were: 

• “The course gave all the detailed information from planning to design RAS and also to 

run RAS after the construction phase.” 

• “It was a very complete course where all aspects of RAS were touched upon. There 

was also enough time in between the lectures and visits to talk to the lecturers and 

other participants and discuss problems with regards to RAS.” 

• “The course is well organised, with clear topics and great trainers.” 

• “The course covered a wide range of topics concerning aquaculture and recirculation 

systems. The topics were well discussed from specialists in the field with very 

organised presentations.” 

• “Even though I consider myself knowledgeable, the content and discussion 

encouraged me to think about the material and learn from new information.” 

• “It was well organized, structured and conducted, focusing on important points and 

encouraging participants.” 

 

Participants were also very positive about the mini industry seminar. 81% reported that it was 

either a good or excellent opportunity to exchange with industry professionals. This 

emphasises the importance of including a mini industry seminar in all AQUAEXCEL2020 

training courses and the value participants place on this aspect of the course.  
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When deciding to enrol for the training course, 93% participants valued course content as a 

very or extremely important factor. 64% valued the course trainers as a very or extremely 

important factor, 46% valued the course as free to enrol as a very or extremely important 

factor and, 75% valued the course organisers as very or extremely important.  

 

The best things about the training course which were mentioned by participants in the survey 

included: 

• The industry seminar  

• The visits of several companies 

• The trips to the RAS facilities 

• The subjects/content 

• Networking 

• Practical sessions 

• Combination of fieldtrips and lectures 

• Knowledge of lecturers  

 

Areas were there were suggestions for improvement for future AQUAEXCEL2020 training 

courses included:  

 

• Better timing (farm visit ended very late and more time requested for practical 

exercises) 

• Provide the presentations before the course to better follow the topics 

• Less reading figures off PowerPoint, more discussion within the lectures 

• To improve the subject of economic aspects  

• A thorough work-through of the excel sheet at the end of the lectures 

• Hands on sessions at WU 

• Provision of lunch vouchers 

 

For future RAS courses participants suggested the following topics:  

• Probiotics 

• Off-flavour focused on more 

• Economics of RAS 

• Welfare/behaviour/health of fish in RAS  

• European regulation on effluent discharge 

• Design of tanks and pipes 

• Use of floculant for phosphorous removal 

• Include more species of the marine environment and Mediterranean aquaculture.  

• Biosecurity of RAS facilities. 

• Saltwater RAS 

 

The overall results from the online survey show that the vast majority of participants were 

very satisfied with their experience and increased their knowledge of RAS. 85% of 

participants indicated that they would be interested in attending a follow-up course, with the 

remaining 15% selecting maybe interested. An overwhelming 100% said that they would 

recommend this course to a fellow student/colleague. The survey results demonstrate how 
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worthwhile and beneficial the participants found the course and how it has successfully 

increased RAS knowledge in the industry.  
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Glossary 

 

AQUAEXCEL2020: AQUAculture Infrastructures for EXCELlence in European Fish Research 

towards 2020 

 

RAS: Recirculating Aquaculture Systems 

 

WU: Wageningen University  

 

NTNU: Norges Teknisknaturvitenskapelige Universitet  

 

DTU: Danmarks Tekniske Universitet  

 

EAS: European Aquaculture Society 

 

FEAP: Federation of European Aquaculture Producers 

 

EATiP: European Aquaculture Technology and Innovation Platform 
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