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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 second AQUAEXCEL2020 training course “Recirculating Aquaculture Systems (RAS) 

Technology” was the first face-to-face course and was provided by Ifremer, France in 

collaboration with Wageningen University (WU), The Netherlands. The objectives of this 

course were to review the basics of RAS and examine the different systems, designs, 

operations and applications. This second training course of the AQUAEXCEL2020 training 

courses took place in October 2016 with 27 participants who were selected based on their 

submitted applications. The course included lectures, practical design exercises and 

technical visits. Additionally, a half day industry mini seminar on RAS evolution and new RAS 

uses, involving RAS farmers and engineering companies, gave the course participants an 

opportunity to exchange with industry professionals. This RAS Industry mini 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. 

 

Authors/Teams involved: Dr Claudia Junge (AquaTT), Geertje Schlaman (Wageningen 

University), Marieke Reuver (AquaTT), Dr Jean Paul Blancheton (Ifremer), Dr Kari 

Attramadal (Sintef / Nofima), Bertrand Barrut (Coldep Company), Jérôme Bosmans (IDEE 

Company), Philippe Cacot (Cirad / Lpds Company), Victor Dumas (INRA), Ing Ep Eding 

(Wageningen University), Vasco Mota (Nofima), Per Pedersen (DTU Aqua), Prof em Raul 

Piedrahita (University of California), Prof Olav Vadstein (NTNU), Eva Greene (AquaTT), Dr 

Angela Stevenson (AquaTT) 

 



AQUAEXCEL2020 Deliverable D4.4a 

 

Page 3 of 39 

 

  

Table of Contents 

Executive Summary ................................................................................ 2 

1. Introduction ......................................................................................... 4 

2. Face-to-face course 1 ......................................................................... 5 

2.1 Pre-course activities ....................................................................................... 5 

2.2 Course activities ............................................................................................. 7 

2.3 Post- Course activities ................................................................................... 9 

3. Conclusions ...................................................................................... 10 

Glossary ................................................................................................ 13 

Document information ........................................................................... 14 

Annex 1: Promotional Leaflet – course 2 ............................................... 15 

Annex 2: Application Form for Training Course ..................................... 17 

Annex 3: Course Agenda ...................................................................... 18 

Annex 4: Course Tutors ........................................................................ 19 

Annex 5: Survey Results ....................................................................... 20 

Annex 6: Certificate of Participation ...................................................... 38 

Annex 7: Check List .............................................................................. 39 

 

 



AQUAEXCEL2020 Deliverable D4.4a 

 

Page 4 of 39 

 

1. 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 five-day face-to-face course with the objectives to review the 

basics of RAS and examine the different systems, designs, operations and applications.  

 

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

limited. In Europe, it was used to produce 20 to 30% of the fish fingerlings. There is a limited 

availability of freshwater which can be used for the production of salmon smolt. Therefore, 

the necessity to save freshwater, coupled with i) the necessity to increase fish health and 

safety in 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 the training course (see also Annex 4). Seven tutors are 

working in research institutes which are partners in the AE2020 consortium (Ifremer, WU, 

INRA, Nofima and Sintef).  

 

This RAS training course included: i) basics of RAS, ii) design and management of RAS and 

examples, iii) sustainability, waste treatment and valorisation as well as iv) technical visits. 

The course included lectures, practical design exercises and technical visits. Additionally, a 

half day industry mini seminar on RAS evolution and new RAS uses, involving RAS farmers 

and engineering companies, gave the course participants an opportunity to exchange with 

industry professionals.  

 

This RAS Industry mini 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. 
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2. Face-to-face course 1 

2.1 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 AquaTT Training News (monthly newsletter reaching over 3,000 people, many of which 

are in the aquaculture sector), European Aquaculture Society (EAS) distribution channels, 

Federation of European Aquaculture Producers (FEAP) and European Aquaculture 

Technology and Innovation Platform (EATiP) distribution channels, EuroMarine (a European 

marine science network), the project website (Figure 2), social media and the partner’s 

channels. Annex I shows the promotional leaflet to promote the first course. 

 
Figure 1. Promotional leaflet for RAS course 
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Figure 2. Print screen promotion of course on website –  

http://www.aquaexcel.eu/index.php/aquaexcel-courses/h2020-training-courses  

 

The application period of the course was open from 29 July 2016 until 9 September 2016 

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

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

 

The target audience was aquaculture professionals with a university degree (e.g. engineers, 

researchers, etc.) interested in the potential applications of RAS (i.e. controlled intensive fish 

farming, water reuse, use of environmentally friendly technologies, etc.). Interested industry 

stakeholders not involved in the full course were welcome to take part in the industry mini 

seminar only. 

 

Forty-eight individuals applied to participate in the training course with a maximum number of 

30 participants practically possible. Therefore, a selection procedure was put in place by 

Ifremer and Wageningen University evaluating applicants based on their CVs and motivation 

letters. Last minute three participants had to cancel due to personal reasons which reduced 

the final number of participants to 27. 

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

capacity across Europe. The exchange will be 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: EU/ outside EU and member states, relevant background and future 

applicability of learned theory and techniques to own and institute’s research. 
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2.2 Course activities 

Twenty- seven aquaculture professionals from thirteen different European countries attended 

the first AQUAEXCEL2020 face-to-face training course on RAS Technology. 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. In 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 “learning-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 an interaction with top specialists, lecturers as 

well as industry stakeholders, with innovative examples, active in the field of RAS (from 

France, Norway, the Netherlands, USA, Denmark.   

 

The goal was to continuously have as many lecturers present during the course, 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 training material of the course were placed on the 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. 

 

 
Figure 3: Print screen of an example Blackboard site 
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After a short introduction explaining the context of the training course (the AQUAEXCEL2020 

project), each participant could introduce him/herself briefly.  

 

The first part of the training course was devoted to presenting the water quality requirements 

(determining and limiting water quality parameters) for optimal welfare and performance of 

the fish. RAS offer the possibility of controlling most of the water quality parameters and of 

keeping them at an optimal level, but what is the optimal level for each of those parameters? 

What do we know about the substances that accumulate in time in the recirculated water and 

how to control their build-up? The concentration levels of the limiting parameter are due to 

the fish metabolism and activity. 

The second part of the training was aimed at providing to the participants the information and 

tools necessary to quantify the fish productions (soluble and particulate substances) and 

consumptions (oxygen and feed), which are directly responsible for the concentration level of 

each of the limiting parameters in the rearing water. The objective of a RAS designer is then 

to define the right treatment tools, the right sizing of those tools and their right management 

for maintaining the optimal water quality demanded by the fish. This necessitates mastering 

the mass balance approach.  

 

In recirculation systems, the proper management and control of the bacterial activity in all 

components of the system and particularly in the biofilter, which enables transforming the 

toxic nitrogen compounds (Ammonia and nitrites) in a low toxicity form (nitrate) is a key, as 

well as the biosecurity approach. This was the focus of the third part of the training. 

 

The control of the rearing water quality despite a very low makeup water consumption 

compared to traditional systems necessitates energy. For the economy of the farms and its 

sustainability, it is important to minimize the energy needs. The fourth part of the training was 

devoted to that problem.  

 

Even if one of the objectives of RAS is to keep them as independent of the surrounding 

environment as possible, they still have strong links with it particularly through the wastes 

they generate. The fifth part of the training examined the fresh water and marine RAS waste 

valorisation. 

 

All the presentations were organized in the mornings (Figure 4).  

 

 
Figure 4. Participants during a morning lecture (left) and during a facility visit (right). 



AQUAEXCEL2020 Deliverable D4.4a 

 

Page 9 of 39 

 

 

On the afternoon of the first training day, a visit of the Palavas research station, which is 

partner in the TransNational Access programme of the project, was organized. During the 

two following afternoons, the trainees were divided into 3 groups to carry out design 

exercises. On the afternoon of the fourth day, a visit to a RAS farm specialized in seabass 

and seabream fingerlings pre-growing was organised. This farm is pre-growing fingerlings 

from two large marine hatcheries and sends them either by trucks or by boat depending on 

the location of the on-growing farms buying them. On the day of the visit from course 

participants, their boat was loaded with 2 tons of fingerlings. 

 

On the last morning, a mini-seminar allowed to exchange with specialists of the industry on 

some key questions that were identified during the previous days. They were classified in 2 

categories: generic questions (why so many RAS failures in the past, what new 

developments…) and more technical questions (precise design of gas exchange systems, 

bacterial management…). The discussion ended with a common lunch taken in a nearby 

restaurant. 

 

2.3 Post- Course activities 

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

(Figure 5), of which the results are given in Annex 5. These results will help the training 

course organisers to improve the distance learning course and future AQUAEXCEL2020 

training courses and evaluate the need for future 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. 
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Figure 5: 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 6). 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. 

 

3. Conclusions 

Participants who attended the RAS course in France were mainly Postgraduates (50%), 

followed by Postdoctoral Researchers (11%) with ‘Others’ contributing 28% (e.g. fish 

farmers, consultants, investors). Over 70% of participants heard about the course from 

colleagues (44.5%) or though internet searches (28%). The online feedback survey was 

answered by 18 participants, and all results are included in Annex 5. 

 

Almost half of the participants received travel and subsidence funding to attend this course 

from their employers, while about 30% were self-funded and about 20% received funds 

through projects/grants. It therefore looks like two complementary dissemination approaches 

will be successful to promote this type of course, 1) dissemination of course information to 

companies and institutes, and 2) direct dissemination to individuals through stakeholder 

mailing lists. Furthermore, the fact that one third of the participants of this RAS course were 

willing to self-fund their travel expenses emphasises that it is an important and timely topic. 

 

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

design, evaluation and operation of RAS technology through a range of learning elements 

including traditional lectures, and practical forms of learning to apply knowledge like practical 

tutorial model training and field trips. This is evident as the percentage of participants with 

detailed knowledge of RAS technology increased from 5% before the training course, to over 

70% after the completion of the course, based on feedback results. All 33% of the 

participants who indicated only basic knowledge on RAS before the course, improved to at 

least moderate knowledge.  

 

The main conclusion which can be drawn from the participant’s feedback is that the RAS 

training course was overall very successful. 88% of the participants who answered the 

survey awarded the course either good or excellent grades. Three features of the course 

which were commended by many participants leading to the grading were 1) the good mix of 

attending people from industry, academia and consultancy, 2) the balanced mix of 

presentations with visits and design exercises, and 3) many opportunities for discussions and 

networking. 

 

Some examples of reasons for excellent grades are: 

• “Excellent course on both theoretical and practical aspects thanks to the organizers 

who designed a very relevant program covering all aspects of recirculated 
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aquaculture. The mixed audience with consultants, producers, researchers in the 

different fields was a great added value to this week with a good room devoted to 

very rich exchanges between scientists.” 

• “It was good to mix technical and precise presentation with visit, design exercise and 

to finish with this discussion on Friday morning.”  

• “Course presenters were all experts in their fields but also excellent at delivering the 

information.” 

 

The most important factors to decide to enrol for the training course were the course content, 

course organisers and course trainers. The “best thing(s) about the training course” which 

were mentioned by participants in the survey were: 

- “Networking” - participants described their experiences in the survey:  

o “a very good mix of academia and industry” 

o “the variety and the relevance of the audience” 

o “it is really useful for young generation to integrate to business people and learn 

about more practical knowledge from scientific people and experienced people 

- “The variety and the relevance of the topics” 

- “The structure and learning methods used in the training course”: 

o Morning lectures; afternoon either group work or site visits 

o The Industry Seminar on Friday; discussions were very informative as well as the 

‘free’ room for questions and answers. The scope for discussions during the 

seminar and among social moments of the course were particularly appreciated 

with around 95% from good to excellent. 

 

94% of the participants stated that the opportunity to exchange with industry professionals 

during the Industry Seminar was excellent (41%) or good (53%) for them personally. 

 

Over 80% of the participants were happy with the organisation leading up to the course, like 

simple registration procedure (88% agree), communication of the course (83% agree), and 

clear information before the start (84% agree). A list of participants has been requested after 

the end of the course and it has been suggested to make it available already before the 

course. We will consider ways to allow participants to exchange their personal information 

directly with each other to ensure privacy rights of all participants. 

 

Areas which could be improved upon for the remaining AQUAEXCEL2020 training courses 

included some little organisational aspects: name tags and printed copies of the Powerpoint 

presentations and to order the presentations by themes.  

 

One of the participants suggested to have a two-weeks course. Some participants added 

some suggestions for extra subjects:  

- More subjects from biological point of view: fish nutrition, feed composition with 

differences among RAS diets and offshore diets 

- Economics of RAS 

- A module of biofloc culture 

These points will be taken into consideration in the organisation of future courses, particularly 

the upcoming RAS course in 2018 at Wageningen University. 
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Participants had mostly positive experiences during the course with the content, format and 

delivery of material. The trainers were also commended for their enthusiasm, preparedness 

and willingness to engage with the participants. With 94% of participants being interested in 

participating in a follow-up course in the future, and 90% of participants being willing to 

recommend the course to a fellow student or colleague, it is clear, that the RAS training 

course was a success and a valuable experience for all participants involved.    
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Glossary 

 

AQUAEXCEL2020: AQUAculture Infrastructures for EXCELlence in European Fish Research 

towards 2020 

 

RAS: Recirculating Aquaculture Systems 
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Annex 1: Promotional Leaflet – course 2  
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Annex 5: Survey Results 
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