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Executive Summary 
Objectives: 

The AQUAEXCEL2020 training courses overall aim to educate a new generation of aquaculture 

researchers and industry stakeholders who focus on sustainable exploitation of their new 

knowledge, skills and tools in order to advance an innovative European aquaculture sector. 

This training course on “Using Modelling of Scale Effects as a Tool for Experimental Design” 

has as specific objective to train researchers in the use of numerical models as efficient tools 

for designing experiments and gaining a better understanding of the interaction between 

biological and physical factors within aquaculture research, including growth, nutrition, waste 

production, water quality, water treatment and hydrodynamic flow fields.  

 

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. 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. AQUAEXCEL2020 has included Distance Learning (DL) 

training courses as a more flexible education alternative which fits working professionals 

better, is accessible to more people and does not require travel by participants. The DL courses 

make use of a blend of delivery technologies such as video conferencing and recordings, 

message board forums and e-mail; and include practical exercises (models), tutorials and 

feedback provision by teachers/experts. 

 

Main Results: 

The second DL training course entitled “Using Modelling of Scale Effects as a Tool for 

Experimental Design” is provided by SINTEF Ocean AS in collaboration with Norges Teknisk-

Naturvitenskapelige Universitet (NTNU), Hellenic Centre for Marine Research (HCMR), 

Jihočeská univerzita v Českých Budějovicích (JU), Nofima and Wageningen University (WU), 

with administrative and promotional support by AquaTT UETP CLG (AquaTT). The course 

aims to train participants in the use of numerical models as efficient tools for designing 

experiments and gaining a better understanding of the interaction between biological and 

physical factors within aquaculture research, including growth, nutrition, waste production, 

water quality, water treatment and hydrodynamic flow fields. This DL training course is 

available online from January 2019, whereby the course teachers and experts were online and 

available for direct interaction and immediate troubleshooting from 30 to 31 January 2019, with 

89 participants attending the course on these 2 days. Since February 2019 the course is 

available on an ongoing basis and the teachers can be approached by email in case of 

questions. The course will run over the full duration of the AQUAEXCEL2020 project. 

 

Authors/Teams involved:  

Martin Føre (SINTEF / NTNU), Morten O. Alver (SINTEF / NTNU), Finn Olav Bjørnson 

(SINTEF), Geertje Schlaman (Wageningen University), Marieke Reuver (AquaTT), Liam 

Fullbrook (AquaTT), Peadar O'Raifeartaigh (AquaTT), Oona Tully (AquaTT), Olivia Daly 
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(AquaTT), Nikos Papandroulakis (HCMR), Konstantia Lika (Univ. of Crete), Athanasios 

Samaras (HCMR/Univ. of Crete), Stepan Papacek (JU), Åsa Espmark (Nofima), Trine 

Ytrestøyl (Nofima).  
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1. Introduction  
 
AQUAEXCEL2020 aims to foster a culture of co-operation between European Aquaculture 

Research Infrastructures, the associated research community, the aquaculture industry and 

other relevant stakeholders. This will help to develop a more efficient and attractive aquaculture 

research network leading to a more sustainable and globally competitive European 

aquaculture sector. One of AQUAEXCEL2020 specific aims is to provide state-of-the-art unique 

training courses to educate a new generation of aquaculture researchers and industry 

stakeholders. A dedicated task within AQUAEXCEL2020 Work Package 4 aims to provide 

specialist training inputs to support researchers and industry stakeholders who are seeking to 

apply their knowledge, skills and existing tools to advance a sustainable European aquaculture 

sector.  

 

Nine technical training courses in total are being organised by different AQUAEXCEL2020 

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

different aspects of aquaculture to transfer new knowledge and insights originating from the 

research and services carried out and created by AQUAEXCEL2020. The second DL training 

course, and third overall training course, focuses on “Using Modelling of Scale Effects as a 

Tool for Experimental Design” and is provided by SINTEF Ocean AS in collaboration with 

Norges Teknisk-Naturvitenskapelige Universitet (NTNU), Hellenic Centre for Marine Research 

(HCMR), Jihočeská univerzita v Českých Budějovicích (JU), Nofima and Wageningen 

University (WU), with administrative and promotional support by AquaTT UETP CLG 

(AquaTT). The course is targeted at aquaculture researchers and industry stakeholders who 

are involved in research experiments examining the interaction between biological and 

physical factors in aquaculture production.   

 

This course aims to train researchers in the use of numerical models as efficient tools for 

designing experiments and gaining a better understanding of the interaction between biological 

and physical factors within aquaculture research, including growth, nutrition, waste production, 

water quality, water treatment and hydrodynamic flow fields. It is hoped that participants gain 

an understanding of the theoretical background for the numerical models used and an 

understanding of the practical use of the models in aquaculture research.  

 

This DL training course is available online from January 2019, whereby the course teachers 

and experts were online and available for direct interaction and immediate troubleshooting 

from 30 to 31 January 2019, with 89 participants attending the course on these 2 days. Since 

February 2019 the course is available on an ongoing basis and the teachers can be 

approached by email in case of questions. The course will run over the full duration of the 

AQUAEXCEL2020 project. 

 

This deliverable report details the pre-course activities including the course promotion and 

registration of participants, the course activities, including details on the two-part lecture series 

and modules, and the post course activities, including the design of the course survey and 

feedback from participants until February 2019.    
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2. Distance Learning Course 2: Using Modelling of Scale 
Effects as a Tool for Experimental Design 

2.1 Pre-course activities 

Approximately 8 months before the final release of the DL-course, the course organisers from 

SINTEF Ocean AS suggested a rough preliminary schedule outlining which topics should be 

included in the course, and whose responsibility it would be to record lectures on these. This 

schedule was discussed with the contributing partners, and a final plan for the course contents 

was agreed upon during autumn 2018.  

 

Partners responsible for video lectures recorded these and provided them to the course 

organisers before the release date of the course, along with any supporting material such as 

scientific papers on the lecture topic. A dedicated course was set up on WU’s Blackboard site 

to host all teaching material, with video lectures uploaded to YouTube using the “private” option 

(meaning that the files are only accessible for people with access to the direct link to the files) 

due to file size limitations in Blackboard. A system for providing the participants with a login to 

the server hosting the virtual laboratory (VL) developed in WP5 was also set up before the 

course started, so that the participants could conduct two simple practical exercises using the 

models offered by the VL.  

 

A promotional leaflet was designed and developed by AquaTT (Figure 1), combining course 

information provided by the course organisers at SINTEF Ocean AS. Information that was not 

suitable for the shorter form leaflet, such as course tutor descriptions, was included on the 

website so that applicants would have as much information about the course as possible 

(Annex 1). The course leaflet was distributed through AquaTT and project partner distribution 

channels. The course was also promoted on the project website (https://bit.ly/2CWy76X) and 

on the project twitter page (https://twitter.com/AQUAEXCEL2020) (Figure 2). The tweets 

promoting the course were seen by 6300+ people and were engaged with 130 times (link 

clicks, profile visits, etc), this was in large part due to partners with large followings retweeting 

and liking posts. AquaTT also shared the course leaflet with their ‘Aquaculture’ mailing lists 

reaching 300+ people (Annex 2). 

https://bit.ly/2CWy76X
https://twitter.com/AQUAEXCEL2020
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Figure 1. Promotional leaflet for training course “Using Modelling of Scale Effects as a Tool for Experimental Design”  
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To apply for the course, interested applicants are required to send a registration form and 

GDPR consent form (Annex 3) to AquaTT. Any applicants that registered before the 30th of 

January 2019 were able to follow the training course with the course teachers being online and 

available for direct interaction and immediate troubleshooting.  

The AQUAEXCEL2020 project partners are subject to the EU General Data Protection 

Regulation (GDPR) which came into force on 25th May 2018, therefore data that is collected 

and processed for the purposes of facilitating and administering AQUAEXCEL2020 training 

courses is subject to GDPR rules. All registration and GDPR consent forms are processed by 

AquaTT and participant details sent to WUR. WUR and SINTEF then provide participants with 

login details for the course online system. 

As a result of the promotional work carried out by AquaTT and project partners, a total of 89 

people registered for the course with teacher presence on the 30th and 31st of January 2019. 

From the 1st of February until the 28th of February 2019, a further 6 people have registered for 

the course, which is available until the project ends in 2020.  

  

Figure 2. Examples of promotional tweets for training course “Using Modelling of Scale Effects as a Tool for Experimental 
Design” 
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2.2 Course activities 

 

As with the first distance learning course, a dedicated (web based) Blackboard learning 

environment was created for distance learning course 2. Students and lecturers gain access 

to this online Blackboard system with individual logins provided by WU after registration by 

AquaTT. All the course information is on Blackboard and is available on a continuous basis for 

the ongoing course. The Blackboard site provides a detailed overview of course activities.  

 

 
Figure 3. Print screen of ‘introduction and welcome training course’ page on the Blackboard learning environment 

 

Module one: Understanding Scaling effects 

 Recorded lectures of experts explaining the relevant concepts of scaling in broad terms 

o “Upscaling and validity of research results”, Nikos Papandroulakis (HCMR), 

Konstantia Lika (Univ. of Crete), Athanasios Samaras (HCMR/Univ. of Crete), 

22 min. 

o “Tank size in experimental design matters - Comparing performance of Atlantic 

salmon in sea cages and different tank sizes”, Åsa Espmark (Nofima), 15 min. 

 Literature for in-depth understanding 

o Espmark, Å.M., Kolarevic, J., Åsgård, T. and Terjesen, B.F., 2017. Tank size 

and fish management history matters in experimental design. Aquaculture 

Research, 48(6), pp.2876-2894. (Scientific article on scaling trials with salmon) 

o Kamstra, A., Blom, E. and Terjesen, B.F., 2017. Mixing and scale affect moving 

bed biofilm reactor (MBBR) performance. Aquacultural Engineering, 78, pp.9-

17. (Scientific article on scaling trials with biofilters). 

o Samaras, A., Pavlidis, M., Lika, K., Theodoridi, A. and Papandroulakis, N., 

2017. Scale matters: performance of European sea bass, Dicentrarchus labrax, 

L(1758), reared in cages of different volumes. Aquaculture Research, 48(3), 

pp.990-1005. (Scientific article on scaling trials with sea bass)  

o Gorle, J.M.R., Terjesen, B.F., Mota, V.C. and Summerfelt, S., 2018. Water 

velocity in commercial RAS culture tanks for Atlantic salmon smolt production. 

Aquacultural engineering, 81, pp.89-100. (Scientific article on the hydraulics of 

fish tanks)  
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Figure 4. Print screen: Module 1 training course 

 

Module 2: Understanding mathematical modelling as a tool 

 Recorded lectures of experts describing general aspects of modelling and relevant 

models 

o “CFD as a tool for analysis of fluid flow within aquaculture systems”, Stepan 

Papacek (JU), 15 min. 

o “Mathematical models”, Morten O. Alver (NTNU/SINTEF), 12 min. 

o “Growth model”, Morten O. Alver (NTNU/SINTEF), 12 min. 

 Literature on the different models for background information 

o Føre, M., Alver, M., Alfredsen, J.A., Marafioti, G., Senneset, G., Birkevold, J., 

Willumsen, F.V., Lange, G., Espmark, Å. and Terjesen, B.F., 2016. Modelling 

growth performance and feeding behaviour of Atlantic salmon (Salmo salar L.) 

in commercial-size aquaculture net pens: Model details and validation through 

full-scale experiments. Aquaculture, 464, pp.268-278. (Scientific article on 

development and validation of growth model developed in AQUAEXCEL) 

o Føre, M., Alver, M.O., Alfredsen, J.A., Senneset, G., Espmark, Å. and Terjesen, 

B.F., 2018. Modelling how the physical scale of experimental tanks affects 

salmon growth performance. Aquaculture, 495, pp.731-737. (Scientific article 

on the use of the AQUAEXCEL model in a virtual scaling study) 

o Papáček, Š., Petera, K., Masaló, I. and Oca, J., 2018, September. On the 

optimization of recirculated aquaculture systems. In International Conference 

on Engineering Optimization (pp. 1229-1240). Springer, Cham. 

 Recorded lecture (more comprehensive) on the modelling studies of scaling conducted 

in AQUAEXCEL2020 

o “Modelling studies of scaling effects in salmon in AQUAEXCEL”, Martin Føre 

(NTNU/SINTEF), three parts of 10, 16 and 8 min. 
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Module 3: Using simplified virtual scaling experiments for experimental design 

 Online video describing how to get started with and using the virtual laboratory portal 

o “Virtual laboratory demonstration”, Finn Olav Bjørnson (SINTEF). 

 Two practical exercises - virtual scaling studies using fish, and scaling studies using 

water treatment/biofilters: 

o Calculate proper parameters for different scales (so that only physical scale is 

changed) 

o Practical exercise in running virtual scaling study using relevant models 

o Evaluate outputs to investigate any scaling effects and arrive at final 

experimental design 

 

 
Figure 5. Print screen: Module 3 training course and contact info for feedback 
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2.3 Post- Course activities 

 
After completion of the online course on 30-31 January 2019 (whereby teachers were directly 

available), participants were asked for feedback via an online survey designed by AquaTT. 

This link was included on the blackboard system but two follow-on emails reminding 

participants were also sent by AquaTT in the month after the course was launched. A total of 

22 course participants completed the survey so far (February 2019). These results will help 

the training course organisers to improve the distance learning course and evaluate the needs 

for future AQUAEXCEL2020 training 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 5 - 10 minutes to complete. This was shortened from previous 

surveys based upon advice and feedback.  

 

 

Figure 6. Print screen of welcome page of the online evaluation survey 
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3. Conclusion 
 
Participants who took part in this distance learning course so far (February 2019) were 

primarily Postgraduates (38%), followed by Experts (28%) (e.g. Professors, fish farmers, 

consultants, investors) and Postdoctoral Researchers (20%) (Figure 4a). These participants 

were spread throughout the Aquaculture industry working in Universities (39%), Research 

institutes (28%), Private companies (19%), SMEs (8%) and other organizations such as 

museums, state agencies, NGOs and research councils (Figure 4b). This demonstrates the 

broad appeal of the course, which is also emphasized by applications coming from all around 

the world (Annex 4).  

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The training course has so far achieved the desired objective to inform and teach participants 

about using modelling of scale effects as a tool for experimental design. This is evident as the 

percentage of participants with some knowledge of the topic or better increased from 29% 

before the training course, to over 95% after the completion of the course, based on feedback 

from the course survey. 95% of the participants who indicated that they had zero or limited 

knowledge of the topic before the course indicated that they had improved this knowledge as 

a result of taking part in the course. 

 

Promotion of the course was a success with participants hearing about it from colleagues 

(47.62%), through the AQUAEXCEL2020 website / Twitter (33.33%) or through internet 

searches (14.29%) (Figure 5).  

Figure 7. a) Research Category, b) Organisation type 

a) 
b) 
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Figure 8. How participants heard about the course  

  
Along with questions about specific aspects of the course (Annex 5), participants were also 

asked which overall grade they would give different parts of the course from organization to 

the course material and online system. Over 95% of participants said the course organization 

was above average (42% - good and 52% - Excellent). Over 95% of participants said the 

course material was above average (62% - good and 33% - Excellent). 100% of participants 

said the experience of undertaking an online distance learning course was above average 

(70% - good and 30% - Excellent). This feedback demonstrates that the high-quality course 

material was matched by the promotion and delivery of the course. For more detailed results 

and feedback related to course organization, course material and Distance learning see Annex 

5.     

 

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

course was overall successful. Participants had mostly positive experiences during the course 

with the content, format and delivery of material. 100% of participants said they would 

recommend the course to a fellow colleague and 94% saying they would be interested in using 

the course with in their organization (73% saying they would be willing to pay < €1,000, 20% 

willing to pay < €1,500 and 7% willing to pay < €2,000 for use of the course). It is therefore 

clear, that this 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
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Annex 5: Course Survey results 

  

Course organisation feedback 
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Course material feedback 

DL course feedback 
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