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Abstract 

The fish farming industry is today the second largest industry in Norway, second to the oil 
industry. These two major industries constitute the core of the Norwegian economy. A general 
belief is that the oil industry will decrease. Along with this the fish farming industry is 
believed to be the major industry, especially when it comes to exporting. The fish farming 
industry has to expand but one major issue is its sustainability. One step towards a more 
sustainable fish farming industry could be to reduce its use of fossil energy resources. Another 
aspect with an expansion is that locations will be moved offshore creating a rougher 
environment. 

The project aims to investigate the possibility to use renewable energy sources at fish farming 
sites and to design a self-sufficient energy system based on these sources. The goal is to create 
a concept that can satisfy the energy need of fish farms in different sizes and function in a 
system placed in an offshore environment. 

The project constitutes of a design study. In this case it means research of a problem within 
the fish farming industry to create a concept of a solution to the problem. For the background 
research field studies and literature studies have been used. For the design development 
brainstorming, sketching and 3D modelling were used. Three potential concepts have been 
developed and one was chosen for further development.  

The project resulted in the GreenWave concept, a design concept for energy production and 
wave sheltering for offshore fish farms. The GreenWave can deliver sufficient energy for fish 
farms of varying size through wave energy generation using hydro electrical turbines and 
wave-overtopping technique. The GreenWave concept fulfils the requirements set up for the 
project. Further work would be economic calculations to investigate the feasibility of the 
concept. 
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Nomenclature 
Term Explanation 

  
Feed barge A barge, or a boat, located at the fish farm site where feed is stored 

and pumped out to the fish cages. It usually also accommodates 
staff. 

Fish cage The (usually) circular netted cage where farmed fish are held. 
Hydroelectrical turbine Commonly known as a water turbine. Generates electricity through 

water flowing through a shovel wheel. 
NTNU Norwegian University of Science and Technology in Trondheim 
Offshore A relatively general term meaning sea areas at a distance from shore. 

In some definitions at least 10 metres of water depth and 
continuously submerged. 
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1. Introduction 
In this first section a background to the project will be presented. The projects goal and 
boundaries are also described. 

1.1 Background 
The fish farming industry is today the second largest industry in Norway, second to the oil 
industry. These two major industries constitute the core of the Norwegian economy. Since oil 
resources within Norwegian territories, and the rest of the world, are limited, the future of the 
oil industry is uncertain. A general belief is that this industry will decrease. Along with this 
the fish farming industry is believed to be the major industry, especially when it comes to 
exporting. This might very well be the industry that the Norwegian economy will rely on 
(Lange, 2012). It is also not only the actual fish production that is of great value. The 
technological marine industry, which develops and produces a wide range of products 
necessary for the fish farming industry in Norway, and all around the world since Norway is 
in the forefront of the industry, makes an important contribution to the economy. Only in 
Mid-Norway the total turnover in the marine sector is one billion NOK. (Olafsen, Gisvold 
Sandberg, 2007)  

A general belief is that the fish farming industry has to expand. However, one of the major 
issues with large-scale fish farming is its sustainability. This is one of the major arguments 
against an expansion of the industry. To be able to grow, this industry has to change its 
approach to sustainability. One step towards this change could be to reduce its use of fossil 
energy resources. Along with this expansion it is most likely that the farming sites will be 
situated at more exposed locations further out to sea due to lack of space inshore but it also 
creates a healthier environment for the fishes. (Lange, 2012) This will create greater demands 
on self-sufficiency, when all energy has to be produced on site. 

Fish farms can vary a bit in size. Today most sites placed a bit out at sea constitutes of six to 
12 fish cages. The size of the cages also varies, but they can be up to 50 metres in diameter. 
At each site also a feed barge is located for feed supply and to accommodate staff working at 
the farm. (Heide, 2012a) Figure 1 shows a 3D-model of how a typical fish farm is set up with 
fish cages and feed barge with accommodation facilities. 
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1.2 The projects aim 
This project aims to investigate the possibility to use renewable energy sources at fish farming 
sites and to design a self-sufficient energy system based on these sources. The goal is to create 
a concept that can satisfy the energy need of fish farms in different sizes and function in a 
system placed in an offshore environment. 

 

1.3 Boundaries 
The main aim of the project is to present a concept of how a solution for the described 
problem could look like. Since the concept is thought to be futuristic and not necessarily 
realisable today, focus will be on exterior shape and main features. This means that a detailed 
construction will not be made. The project will only partly focus on design of the system it 
will work in. Technical data will mainly constitute of rough estimates to help dimensioning 
and design different elements in the construction. Choice of materials and production will 
only briefly be discussed. Economic aspects will not be considered. 

 

  

Figure 1. A schematic picture of a fish farm with six cages and one feed barge. Source: 
SINTEF Fisheries and Aquaculture. 
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2. Theoretical background 
To better understand the environment in which the given problem exists background research 
has been carried out. The background research includes both information about the fish farm 
environment and renewable energy technology. 

 

2.1 Current fish farms 
Today fish farming sites that are not connected to land with a power cable are producing all 
energy needed on site. It is not common with cable access for sites a bit off the shore and 
when moving further out to sea this is not a realistic alternative. The on site energy production 
is run by diesel generators. Energy is needed for running all systems on the feed barge, which 
includes supplying the fish cages with feed, electricity and heating for the feed barge as well 
as the barges cabin. (Heide, 2012a)   

To have some figures to relate to a study in 2010 (Heide, 2012a) of the energy consumption at 
the fish farm Masterholmen was used. This farm consists of 10 fish cages and feed barge. The 
total energy consumption was 607 MWh during one year. 

 

2.2 Renewable energy sources 
In this section a selection of renewable energy sources will be discussed. This background 
research only aims to generally evaluate the suitability of usage in this situation. Out of all 
renewable energy resources, three have been chosen on the basis that they are the ones 
believed to best fit the environment of fish farms. The selection has been made with 
recommendations from Wilhelm Söderström, Energy Consultant at Epsilon Project 
Management and Energy (Söderström, 2012). The selected resources are wind power, wave 
power and algae power. Solar power has not been selected due to the small amount of 
intensive sunlight along the Norwegian coastline. With today’s technology solar cells would 
not be able to produce any large amounts of energy and could not be seen as a reliable energy 
source. 

2.2.1 Offshore wind power 
Studies have revealed that global offshore wind harvesting potential is 37 000 TWh, which is 
almost three times the total electricity production of the world according to Sabonnadière 
(2009). Although it is not realistic to harvest even a smaller part of the ocean surfaces 
potential a report from the European Wind Energy Association (EWEA, 1999) advises that 
around 310 TWh could be produced annually from areas less than 40 metres of depth and less 
than 40 kilometres off the shore in Europe. This can be compared to a total European 
production of 2 600 TWh per year. Further research from NVE and Enova in Norway claim 
potentials of 200 TWh per year in areas up to 50 metres of depth in Norway alone (Gotaas, 
2008). 



6 
 

In Norway lots of resources are put into the development of offshore wind power. For 
example Statkraft has a project with the aim to install 1000 MW of offshore wind power by 
2012 and many other companies have major projects going on within the area. A big 
contributor to this development is the strong competence within research institutes and 
universities such as SINTEF and NTNU. (Gotaas, 2008) 

 

 

 

 

 

The Norwegian coastline is one of the best places in the world for windy conditions offering 
very consistent wind resources. Figure 2 shows the strong potential along the Norwegian 
coastline. Table 2 explains the wind speeds related to the different colours. It also shows the 
energy density in watts per square meter.  

Another advantage for with this source is that the wind power technology is very developed 
compared to many other technologies within renewable energy sources and it is possible to 
extract relatively large amounts of energy given use of large wind power turbines. 

Figure 2. European wind atlas. (Danish Wind Industry Association) 

Table 2. Wind speed and energy density at 50 metres above ground level. (Danish Wind 
Industry Association) 
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(Söderström, 2012) Wind power production offshore has two main advantages compared to 
production on land; stronger and more regular wind and that the visual impact is reduced, 
which is a common problem with land based wind farms. 

2.2.2 Wave power 
Wave power could be an option since the environment provides lots of swell. The power of 
the waves are closely linked to the force of the wind, since waves are created by wind. 
Reports from Enova (Gotaas, 2008) indicate that the theoretical potential for wave power in 
Norwegian waters is around 600 TWh per year. Like the offshore wind power development, 
Norway holds a strong competence within this research area. 

However a problem is that many wave power concepts developed are struggling with 
efficiency and not many have been commercially launched today. The production costs for 
these installations are also much higher compared to land based energy production 
installations. (Gotaas, 2008) A general consensus is that wave power technology needs further 
development to be efficient and cost-effective, but it has great potential.  

The energy potential around offshore installations is with no doubt great. The wave climate, 
ranging from 10 to 100 kW per meter front of a wave in the oceans of the world, is generally 
from 30 kW/m and up offshore along the Norwegian coastline (Clèment et al., 2002). Figure 3 
shows wave energy distribution around the world. 

 

 

 
The waves in areas possible for future fish farm installations are generally between 1 to 3 
metres in height. Figure 4 shows a graph with measurements from Haltenbanken, an offshore 
area outside of Mid-Norway. The graph shows the frequency (number of registrations out of 
1000) of different significant wave heights on a yearly basis. Significant wave height is 
defined as the average height (trough to crest) of the one-third highest waves. 

Figure 3. Average wave energy density in the oceans around the world. (Kofoed et al., 
2006) 

http://www.sciencedirect.com/science/article/pii/S0960148105002582
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2.2.3 Algae power 
Energy production from harvesting algae is divided into two main methods. One is to produce 
biodiesel from algae and the other is using the hydrogen that algae produce and use it in fuel 
cells. (Beer et al., 2009) 

Algae are a very promising source for production of biodiesel (see figure 5), which is 
biodegradable and has less carbon dioxide emissions than fossil fuels. It is also highly 
renewable not demanding much attention for it to reproduce itself. Growing algae also 
consumes lots of carbon dioxide reducing the amounts of it in the atmosphere. (Hossain et al, 
2008) 

 

Algae can also produce large amounts of hydrogen gas, which can be used for energy 
production in fuel cells. (Anastasios, Happe, 2001) Although researched and developed over a 
long time, not many solutions have been possible to commercialize. Researchers at University 
of California have been able to direct 10% of the photosynthesis of the algae towards 
hydrogen production, but claims a 50% rate is needed for it to be competitive with fossil 
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Figure 5. The production of biodiesel from algae. (Biodiesel-Kits-Online) 

Figure 4. Frequency (out of 1000 registrations) of different significant wave heights on 
yearly basis at Haltenbanken offshore from Mid-Norway. (From: Nielsen, Pontes, 2010) 
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fuels. (Hydrogen from Algae, 2007) Another problem with this production is to be able to 
store large amounts of hydrogen since it is highly explosive. A schematic picture of the 
hydrogen production is shown in figure 6. 

 

 

 

2.3 Future possibilities 
Fish farming sites are generally located in an environment that contains lots of natural energy 
resources, mainly such sources as wind and waves (see figure 2 and 3). As the locations 
become more exposed to these elements, the amount of energy accessible will increase even 
more in the future. 

If the energy is being produced on site, the energy transportation will be at a minimum, 
reducing the losses that normally occur when energy is transported over long distances. Since 
most structures installed offshore need some kind of mooring system it could be useful to use 
the existing mooring system for the fish cages. 

 

Figure 6. Schematic picture of hydrogen production from algae. (Oilgae) 
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3. Method 
The project constitutes of a design study. In this case it means research of a problem within 
the fish farming industry to create a concept of a solution to the problem. Brainstorming and 
sketching, most theoretical background research, concept development and development and 
modelling of final concept was carried out in the project group at NTNU. 

 

3.1 Qualitative and quantitative studies 
Qualitative studies are used to get a broader picture of the problem area. They are often based 
on interviews with respondents to receive a deeper understanding of the problem or area of 
investigation. (Nationalencyklopedin, 2012) This type of method is good to use when the 
person doing the study does not have sufficient knowledge in the area. Quantitative studies 
are based on data from a question or hypothesis that can be measured in quantities. 
(Nationalencyklopedin, 2012) This type of data can come from an interview where the 
questions can be answered with specific figures, numbers or yes or no type of answers.  

3.1.1 Field studies 
One qualitative study used was the field studiey. It was carried out at a research facility 
located in connection with a fish farm. The fish farm is called Tristein and is a semi-offshore 
farm located in Bjugn, a couple of hours north of Trondheim. The research facility is run by 
ACE – Aquaculture Engineering (ACE, 2012). 

3.1.2 Interviews 
Interviews were carried out with researchers at NTNU and ACE (ACE, 2012) and a designer 
at SINTEF (SINTEF, 2012). The interviews were generally of qualitative character, where 
relatively open questions were used to gain a better understanding of the studied area. The 
interviews were of quantitative character at some points where questions about specific 
figures regarding for example energy generation, energy consumption and figures related to 
the design of components at fish farms. Some interviews were done in person and some by 
email. A list of respondents is found in table 1. 

 

 

Respondent Position 
Jørgen Hals Researcher at Centre for Ships and Ocean Structures, NTNU 
Mats Heide Designer at SINTEF Fisheries and Aquaculture 

Guttorm Lange Test leader at ACE Aquaculture Engineering 
Marta Molinas Professor at Department of Electrical Power Engineering, NTNU 

Torbjørn Nielsen Professor at Institutt for energi- og processteknikk, NTNU 
Wilhelm Söderström Energy consultant at Epsilon Project Management and Energy 
 

Table 1. List of all respondents interviewed. 
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The respondents were picked out to cover all relevant competence areas related to the project. 
Mats Heide and Guttorm Lange were able to cover information needed about the fish farming 
industry and today’s constructions. Wilhelm Söderström, who works as an energy consultant 
specialised within renewable energy could give an overview of potential energy sources. After 
choosing the final concept Marta Molinas, Jørgen Hals and Torbjørn Nielsen were 
interviewed to get more detailed knowledge regarding wave power solutions, ocean structures 
and hydro electrical turbines.  

 

3.2 Secondary information 
Secondary information is information taken from a source, not necessary aiming to answer the 
specific question at issue, but still relevant to the researched topic. This kind of information 
should be subject to analysis if it is reliable as well as relevant for the study. (Halvorsen, 
1992, p. 72) 

3.2.1 Literature studies 
Literature studies were carried out to obtain a theoretical background. This research was 
mainly aimed towards possible renewable energy sources. To find up to date information and 
to find out about existing concepts, some research was carried out on the Internet.  

When searching for articles on the Internet two search engines were used, Google Scholar, 
Google and Science Direct. Different keywords were used. In the beginning, during the 
background research some examples of keywords used are: wind climate, wave climate, wind 
energy technology, wave energy, wave power, energy harvesting, algae, algae biodiesel 
production, algae hydrogen production, wave energy in Europe + status + perspectives, 
algae, algae biodiesel, algae hydrogen. Later in the process, when developing the concepts, 
some other keywords were used, such as: wave dragon, kaplan turbine efficiency, propeller 
turbine, hydropower, hydro electrical turbine, waveenergy.no. 

 

3.3 Validity and reliability 
The terms validity and reliability relates to how valid certain information is for the subject and 
how reliable the information is. A high reliability should enable another person to redo the 
study with similar result. (Merriam, 1994, p. 180) The discussion of these terms is here mostly 
related to the background research. 

Articles used are found through the databases Google Scholar and Science Direct. Since they 
have been published in major scientific journals the reliability can be considered quite high. 
Some collected information have also been found in more than one article which increases the 
reliability. When looking at the validity the goal has always been to find the most recent 
articles considering the fact that a lot of the researched technology is under constant 
development. 
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When interviewing efforts have been made to find respondents with the most fitting 
competence in the areas of interest to ensure the viability. The reliability of the interview 
answers is however difficult to control. One way to try to control this has been to sometimes 
look up the acquired information afterwards from other sources to check the reliability. 

 

3.4 Brainstorming and sketching 
With the theoretical background as a base brainstorming and sketching sessions were held to 
discover possible solutions to the problem. 

 

3.5 Concept development 
A design brief with a list of requirements was created based on the information gathered 
through field studies, literature studies and interviews. The design brief was then used for 
concept generation. Since the project has a design focus, 3D-models and renderings of the 
concepts was modelled and presented as part of the process. SolidWorks software 
(SolidWorks) was used to create the 3D-model. Also Autodesk 3D Studio Max Design 
(Autodesk) was used for rendering presentational pictures. 

After developing these concepts, a concept evaluation was carried out to choose which 
concept that would be further developed. For evaluation Pugh’s method (Ullman, 2010, p. 221 
ff) was used to compare the concepts considering the basic requirements set up. The method 
provides scoring each concept relative to the other in the ability to meet the criterion set up in 
the list of requirements. The criterions are weighted, from a total weight of 100%, to promote 
the concepts scoring well in more important areas. The concepts were scored from 0 to 3 
points in their ability in comparison with the other concepts. This is a slight difference from a 
conventional Pugh’s matrix where a preferred concept is being used a datum. However, in this 
case there was no preferred concept beforehand. Opinion from expertise at SINTEF and 
NTNU was also considered when comparing the potential amongst the concepts. 

 

3.6 Final concept development and 3D-modelling 
After choosing a final concept this was further developed. To dimension the energy producing 
elements of the concept, rough estimates were made regarding energy needs. A great focus 
here was modelling of the concept and rendering of presentational pictures. Also here 
SolidWorks software (SolidWorks) and Autodesk 3D Studio Max Design (Autodesk) was 
used to create the 3D-model and for rendering presentational pictures. 
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4. Procedure 
This section will describe the way the project has been carried out. The project was sectioned 
in different stages, from idea generation and sketching via requirements to concept 
development. In section 4.3 Concept development the three concepts that has been developed 
are presented. 

 

4.1 Brainstorming and sketching 
This was done after a background research of the environment the solution is aimed for. The 
background research was mainly carried out through field studies at Tristein research location, 
set at a fish farm north of Trondheim, Norway. The location is run by ACE – Aquaculture 
Engineering (ACE, 2012) in collaboration with SINTEF Fisheries and Aquaculture (SINTEF, 
2012). It is a research facility for technology and biology within the aquaculture sector.  

 

4.2 Design brief 
The project aims to create a concept that can provide sufficient energy for an offshore fish 
farm site. The energy should come from renewable resources. Since the system is isolated 
from other infrastructure it has to be able to deliver sufficient energy all the time, without 
dependency on surrounding conditions such as weather. The design brief including list of 
requirements is a guideline for the development of potential concepts. 

4.2.1 List of requirements 
Musts 

• The concept must be able to continuously provide the energy that is needed to run a 
fish farm. 

• The concept must be able to cope with offshore conditions. 
• The energy produced must come from renewable resources. 

Shoulds 

• The concept should be based on viable technology 
• The construction should contain a feed storage. 
• The construction should be able to accommodate people working on site. 
• The concept should be able to reduce impact on other structures on site from 

oncoming waves from at least one direction. 
• The concept should be of a future oriented character. 
• Larger vessels, such as ships delivering feed, should be able to berth the construction. 
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4.3 Concept development 
The concept generation should generate three concepts that were based on each of the main 
renewable energy sources that were found out to most suitable. Each concept should 
implement one of the three sources wind, wave or algae as main energy source. However, 
each concept could apply one or more of the other technologies as secondary energy source. 
The reason for developing these concepts was to obtain a better picture of how the different 
energy technologies could be implemented in the existing system of fish farms. The concepts 
are presented below. 

4.3.1 LensWave – wind power concept 
The wind power concept LensWave is based on a mix of existing and future wind turbine 
technology and also existing wave power technology. The wind turbine is accelerated through 
use of a so-called wind lens, through which the wind speed accelerates. This technology has 
been developed at the Kyushu University of Renewable Energy Dynamics in Japan (RIAM, 
2012). The wind lens produces a low pressure on the rear side of the lens created by strong 
vortices and in that way increases the air flow through the lens (see figure 7). Field test with a 
5kW turbine showed an increase in power with 2.5 times and other tests have shown increases 
up to 5 times (Ohya, Yuji et al., 2011). 

 

 

 

 

 

 

 

 

 

Another positive side effect from the construction is that the rotors are spinning inside the 
lens, which reduces tip vortices created by rotor tips, and thereby reduce noise created by tip 
vortices. 

An important issue is the need of mass reduction of the lens for use on large-scale turbines 
since the wind lens involves a considerable mass increase compared to a conventional wind 
turbine setup. An interesting factor here is the choice of materials for the lens construction. 
Since most conventional turbine tower structures are made out of steel, a further investigation 
of alternative materials and also a new type of construction has to be considered to be able to 
reduce the mass. The concept is shown in figure 8. 

Figure 7. Sketch showing the principle of the airflow through and around the wind 
lens. (Ohya, Yuji et al., 2011) 
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The Lens Wave construction is developed with the aim to lower the center of gravity 
compared to high pylons which are common. This allows for use of smaller and less heavy 
floating elements underwater to balance the structure. Using a wider platform for the base of 
the structure also helps this. However a disadvantage with the lower construction is less wind 
power compared to higher up. The wide base creates the possibility to add an angled plane 
with slots for waves to flow into, making it possible to utilize wave energy (see figure 9). 
Water flowing in through the slots of the wave plane is elevated and therefore loaded with 
potential energy. (Waveenergy.no, 2012)  

 

 

When falling down it spins a water wheel connected to a turbine adding energy added to the 
energy generated from the wind turbine. For a more detailed description of this method it is 

Figure 8. The LensWave concept, single unit.  

Figure 9. Close-up on the angled wave plane.  
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presented in the following concept GreenWave. An option could be to link the two rotating 
axles from both sources to one common turbine to reduce construction costs. The concept in 
its thought environment is shown in figure 10. 

 

 

 

4.3.2 GreenWave – wave power concept 
The wave power concept is based on the use of hydro electrical turbines that are driven by 
water flow created by waves that climbs up on an elevated plane with slots for the water to 
run through (see figure 11). It is based on the same concept as the wave plane in the 
WaveLens concept. (Waveenergy.no, 2012) 

 

 

 

The concept also combines the harvesting of wave energy with the possibility to act as a wave 
breaker, sheltering the area behind the structure (see figure 12). A big advantage with this is 
that impact from waves on other structures at fish farm sites, such as the fish cages and feed 
barge, can be reduced. 

Figure 10. The LensWave at a offshore fish farm site. Behind the wind turbines lies the fish 
cages and the feed barge.  

Figure 11. Cross-section of the main structure with the angled plane with slots for the 
water to enter through. The falling water spins the turbine blades (in orange).  
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4.3.3 Surfalgae – Algae power concept 
The Surfalgae concept is a more futuristic oriented concept. It builds on the fact that algae 
reproduce itself in great extent without much attention. This concept, more than the other two, 
includes the feed barge in the construction. Using the feed barge somewhat as a wave breaker, 
large compartments containing growing algae stretches out behind it, floating on the sea 
surface (see figure 13). The algae farmed in the compartments produces hydrogen, which can 
be used in fuel cells installed on the feed barge. 

 

 

 

 

Since the algae do not require much oxygen the compartments can be more or less closed. 
However an inlet with carbon dioxide will be needed. The algae also need a fair bit of sun 
light, why the widely spread, relatively thin compartments (see figure 14) allow the sunlight 
to reach a bigger part of the algae. 

Figure 13. The Surfalgae concept. The feed barge with accommodation facilities is 
connected to the algae farm.  

Figure 12. The wave energy plant acts as a wave breaker for the other structures on site. 
Three fish cages shown in example.  
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The compartments covering the sea surface might also have a dampening effect on the waves, 
reducing impact on structures sheltered behind it. One fact that could affect the production is 
the lack of regular sun radiation needed for the hydrogen process. Another problem is the 
storage of larger amounts of hydrogen for energy extraction, which can easily add up to buffer 
for periods where the hydrogen production might be reduced. 

 

4.4 Evaluation of concepts 
To evaluate the three concepts a Pugh’s evaluation matrix has been used. Opinion from 
expertise at SINTEF and NTNU has also been considered when comparing the potential 
amongst the concepts. 

4.4.1 Pugh’s evaluation matrix  
Since all three concepts are meeting the must criterion the evaluation in the Pugh matrix (see 
table 3) will be made regarding the should criterion.  

 

 

  Alternatives 
Criteria Weight LensWave GreenWave Surfalgae 

Viable technology 20 3 2 1 
Contain feed storage 20 0 2 2 
Accommodation possibilities 10 0 2 3 
Wave sheltering 15 1 3 2 
Future oriented 20 2 2 3 
Berth possibilities 5 1 2 2 
 Total 7 12 13 
 Weighted 

total 
120 195 190 

 

The decision matrix indicates that the GreenWave and Surfalgae are the more interesting 
concepts regarding to the criterion set up. One thing that the matrix clarifies is that that 
futuristic features has a quite high importance over viable technology. Since feasibility still 

Table 3. A Pugh’s decision matrix to help evaluate the developed concepts. 

Figure 14. The algae surface divided into compartments by carbon dioxide inlets.  
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was an important factor, it seemed interesting to look for a concept that best combined viable 
technologies with far-fetched features.  

 

4.5 Final concept 
The result from the Pugh matrix has been combined with opinion from several experts within 
areas related to the design problem. This includes interviews with Heide (2012b), Molinas 
(2012) and more. Considering all this input, a choice was made to continue developing the 
GreenWave concept. 

 

4.6 Development of final concept 
After choosing the GreenWave more sketching was done to develop this concept. Some more 
interviews with expertise within hydroelectric turbines (Nielsen, 2012), wave energy ocean 
structures (Hals, 2012) and fish farming (Heide, 2012c) was carried out.  

The main aspects that were developed were the exterior shape and the way the waves are 
converted into electrical energy. The construction received a shape that easier will concentrate 
the oncoming waves and make them climb up on the wave plane. The major change was that 
instead of running through slots in the angled plane, the waves should now climb up over one 
edge and be collected in a reservoir. This type of technique is known as an overtopping 
device. This was much inspired by the Wave Dragon concept (Kofoed et al., 2006). Using a 
reservoir from which water runs through turbines allows for a more even water flow and also 
buffering possibilities. 

 

4.7 Dimensioning of important features 
Some technical estimations have been made to get a picture of dimensions of included 
features. All components have not been taken into consideration. The components that has 
been looked at in more detail is the hydroelectric turbines for energy generation and the feed 
storage. 

4.7.1 Dimensioning of hydroelectric turbines 
To estimate the need for turbines, both regarding size and number, some rough estimates has 
been done. To begin with the total amount of energy needed for the fish farm has to be 
estimated. A study in 2010 of the site Masterholmen constituting of 10 fish cages and one 
feed barge showed an energy requirement of 607 MWh per year (Heide, 2012a). This results 
in an average energy requirement of 70 kW. Since it has to be considered that the power 
station will not be able to produce this power all the time, a back up-system is needed that can 
store considerable amounts of energy that is needed when the system does not produce 
sufficient power. To be able to store this energy an excess of energy has to be produced to 
reload the back up-system. Therefore an estimate is done that the system has to produce the 
double amount of energy than actually needed, 140 kW. 



20 
 

Hydropower calculations 

The theoretical formula for hydropower is expressed in equation (1) 

 𝑃 = 𝜌 𝑄 𝐺 𝐻 𝜀    (1) 

 where 

P = theoretical power available (W), Ρ = water density (circa 1000 kg/m3), Q = water flow 
(m3/s), G = acceleration of gravity (9.81 m/s2), H = falling height, head (m), ε = turbine 
efficiency. 

The turbine efficiency for a propeller turbine of a smaller dimension is approximately 70 % 
(Nielsen, 2012). An assumption has been made that a site constituting of 10 cages will need 5 
units. This means each unit will have to produce 28 kW. To be able to regulate the water flow 
through the turbines several smaller turbines is preferable (Nielsen, 2012). This is also 
confirmed by the turbine setup used in the Wave Dragon concept (Kofoed et al., 2006). But 
since each unit has to deliver rather small amount of energy and also considering economy, it 
is estimated that two turbines per unit is needed. This means that the capacity of each turbine 
should be 14 kW. 

Due to varying water inflow from overtopping waves the water level in the reservoir can 
come to differ quite a lot. However, a maximum head or falling height, which is the difference 
between reservoir surface and sea level, is three metres. This gives us an estimation of water 
flow through the turbines of 

𝑄 = 𝑃
𝜌 𝐺 𝐻 𝜀

= 14 000
1000∙9.81∙3∙0.7

= 0.68 𝑚3/𝑠   (2) 

Considering that the turbines must be able to be driven under circumstances where the head is 
reduced to as low as 1 m or that the water flow is reduced the turbines should be designed 
smaller than what is optimal for a maximum head and flow. Calculations for turbine 
dimensioning have been made through a calculation sheet provided by Vannkraftslaboratoriet 
at NTNU (Nielsen, 2012). These calculations show a maximum turbine diameter of 0.41 m 
for 3 m head and 0.68 m3/s flow and 0.32 m for 1.5 m head and 0.34 m3/s flow. To optimise 
the energy production in various conditions an average value is chosen of 0.37 m as turbine 
diameter. 

4.7.2 Dimensioning of feed storage 
The dimensioning of the feed storage has been made on the basis of information on desired 
volumes of feed from Heide  (2012c). Inspiration has also been gathered from specifications 
from existing feed barges from Akvagroup (Akvagroup, 2012). 

The feed barges from Akvagroup with most capacity can store up to 800 tonnes of feed. These 
barges are normally used for farms with 10 to 12 fish cages. The aim with with the 
GreenWave was to have at least this capacity. If it was possible to increase the capacity it 
would mean longer periods between refills, which is good from both an economic and 
environmental perspective. 
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When designing the feed storage a sketch of the main body was used as a template to optimise 
the feed containers volume considering the space available inside the main body. The result 
was eight square shaped silos with approximately 35,7 cubic metres, which results in a total 
capacity of 286 cubic metres. Common fish feed has a density of 700 kilogrammes per cubic 
metre. This results in a total weight capacity of 200 tonnes per unit. If one unit is supposed to 
supply two fish cages that means a fish farm with 10 cages will have a feed storage capacity 
of 1000 tonnes, which is more than existing feed barges. 

 

4.8 Modelling of final concept 
After deciding on a final shape and most of the interior features this was put into a 3D model. 
A 3D model of the main body was used as a background for sketching how the interior 
elements could fit in. This made it a lot easier to see how the components would fit and also if 
any changes were needed. 

The main elements modelled were; the main body (see figure 15), the hydroelectric turbine 
system (see figure 16 and 17), the feed system (see figure 17 and 18), water compartment 
regulation system (see figure 19 and 20) and access system (see figure 21) including landing 
stage and interior stairs. 
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5. Result 
In this section the developed final concept will be presented. Focus will be on describing the 
main features of the concept. 

 

5.1 The GreenWave concept 
The GreenWave is concept that combines energy generation from renewable energy sources 
with wave protection. In this result section the concept and its main components that have 
been designed are described and presented with illustrating pictures. A more visual 
presentation is found in Appendix A – GREENWAVE PRODUCT CATALOUGE, which is a 
presentational booklet with more detailed and larger pictures showing more of the design. 

The concept constitutes of a system with a number of units that can be varied to fit the size of 
the fish farm it will support. In the result section one unit and its features are described. 

5.1.1 Wave protection and energy generation 
The main body (see figure 15) is 60 metres wide in the front, the length is 10,5 metres and the 
total height is 9,5 metres. The large construction has an underwater part that sits between 5,5 
and 7,5 metres deep. This underwater part reduces some of the turbulence that waves create 
under the surface. Long period ocean swells creates turbulence that goes very deep 
underwater and the GreenWave only reduces the shallow turbulence, which also is the most 
energy dense. However, the main aim for the construction is to stop overtopping waves 
created by local wind conditions. It is also these surface waves that are most disturbing for the 
fish farm constructions since they are sometimes breaking. The long period swell only lifts 
floating constructions up and down. The height over the surface has been decided on the basis 
that waves along the Norwegian coastline average between one and three metres (see section 
3.2.2 Wave power, in particular figure 4).

 

 

 

 

 

Figure 15. The main body of the GreenWave concept. Here, front side, the angled plane is 
shown onto which the waves climb up to overtop into the reservoir. 
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5.1.2 Energy generation 
The surface waves are directed to climb up on the front plane and overtop into the water 
reservoir that can hold up to approximately 100 cubic metres (see figure 15). The potential 
energy given from the elevated water is then recovered through hydroelectric turbines of 
propeller type. An overview of the interior components is shown in figure 17.  

 

 

 

To cope with periods with lack of swell a buffering system is needed. To solve this problem a 
set up of ultra capacitor batteries are used. Dimensioning of this system has not been taken 
into consideration. However, a thought placement is shown in the overview in figure 17. 

 

                            

            

 

 

 

 

 
Figure 17. Overview of the inside of the GreenWave. To the left, in blue, is the hydroelectrical 
turbine through which water is led from the reservoir and out again under the sea surface. In 
yellow, the feed silos with a capacity of 200 tonnes. In front, in blue and white, the buffering 
battery system. 

Figure 16. To the left: Overtopping waves filling the reservoir. To the right: A schematic 
picture of the water flow trough the energy generating system. The shaded area illustrates the 
turbine. See also figure 17 for interior placement of turbine. 
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5.1.3 Feed storage 
To store and deliver feed to the fish cages, a feed system with eight feed silos, two blowers 
and devices for dosage of feed from each silo are included (see the interior overview in figure 
17). The silos are filled up through doors reachable from the backside of the construction. The 
feed is normally delivered by large tanker-like ships that can extend a hose that goes into the 
door of the silo (see figure 18). 

 

 

 

 

 

 

 

 

 

 

5.1.4 Variable floating levels 
The reservoir constitutes a buffer to get an even energy production from the turbines, still 
given relatively constant refill of new water. To ensure overtopping in variable conditions and 
wave height, a variable ballast system is used. The system constitutes of compartments with 
water and air (see figure 19), where the water amount can be regulated making it possible to 
regulate how high the construction floats and thereby the height of the overtopping edge (see 
figure 20). 

 

 

 

 

 

The variable floating levels create different heights for the water to drop off and will affect 
the amount of energy that can be generated in the turbines.  

Figure 18. Feed refilling through the doors on the backside of the construction. 

Figure 19. Water compartments in bottom of the construction. Water level is regulated 
with a water pump at one end. 
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5.1.5 Access system 
For boats to be able to berth and for regular maintenance the GreenWave has an access 
system (see figure 21) on the backside, sheltered from waves. The access system constitutes 
of a landing stage, a gangway up to an entrance door and stairs leading down into the interior 
of the construction. The landing stage adapts to various floating levels by only being tied to 
the main body with rope and the gangway is mobile in various angles. 

 

 

5.2 Materials and production 
The outer body of the GreenWave is mainly built in concrete since it is a relatively 
inexpensive material considering the large quantities of material needed for the large 
construction. To reduce weight the front facing wave plane is constructed in glass fibre, a 
material also making it easier to create the wave shaped plane. The interior feed silos are 
made in steel as they are traditionally made. 

The access system has a quite simple construction with large plastic pipes sealed at the ends 
to create a floating part. These are topped with galvanised steel with diamond plate pattern for 

Figure 20. The GreenWave in elevated and lowered level. The higher level generates 
more energy but the lower level allows smaller waves to overtop into the reservoir. 

Figure 21. The access system that makes it possible for ships to berth. Depending on the 
floating level of the main unit, the access system adapts through flexible fixation and moveable 
gangway.  
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better grip. The gangway and upper platform is made out of steel painted to withstand 
corrosion. 

Being mainly built in concrete this process can be made in large moulds at concrete factories 
located close to shore. The glass fibre front can also be moulded and then mounted after 
installing the interior components. This allows for easier installation of for example feed silos, 
batteries and water pump. Since the GreenWave preferably is produced by the water it can 
after finished be transported in place by towing one or several units with large ships.  
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6. Discussion 
To be able to design a concept to satisfy the given problem a lot of background research has 
been necessary. Since none of the members of the project group had much experience from 
the fish farming industry much of the start up phase of the project was spent on increasing this 
knowledge, through field studies and interviews. The results of the interviews have been used 
both in the background information and in the development of the concept. 

One could always discuss if the project groups knowledge is a good enough base for the 
projects aim. The field study was carried out at a quite early stage, much to get an 
introduction to the area. At this time the exact aim of the project was not entirely decided yet. 
This might have limited the possibility to get a deeper insight in factors interesting for the 
specific aim. But the field study gave a good general overview of a fish farm. Details 
regarding existing energy systems and needs could be collected later through contact persons 
at SINTEF Fisheries and Aquaculture and ACE. 

When it comes to the research about possible renewable energy sources the research could 
have included more available energy sources. The choice to narrow down the amount of 
sources based on a few general interviews could be seen as a weakness but was made to limit 
the extension of the background studies and hopefully get a deeper insight in the three chosen 
sources. 

When designing the main body of the GreenWave concept some ideas have been taken from 
basic shapes of boat hulls. To get a better knowledge about ocean structures information was 
gathered at marine institutions at NTNU. More focus could have been put here to increase the 
viability of the design. An interesting aspect of the design is its size. The concept consists of a 
very large construction and it also includes the use of several units. The environment and the 
purpose, to shelter from waves, demands a large and rigid construction, but it is easy to see 
that this will have a significant impact on the economics although no economic analysis has 
been done in this project.  

The dimensioning of the construction is not very extensive. But since the result of the project 
is a possible future concept of a product, focus has not been to detail every component but to 
create a slight detailed model. However, some dimensioning has been carried out. This goes 
for calculations of energy need and the energy system needed to satisfy that. This also applies 
to the feed storage.  

Also economic calculations have been left out to narrow down the project. This fact is 
certainly a weakness since economic aspects, such as production costs and potential gains 
always are important when developing successful concepts. But even if calculations have 
been left out the economical aspect has always been a part of decision making throughout the 
project. 
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6.1 Design brief fulfilment 
It is important to keep in mind that measuremet of how well the concept meets the 
requirements in the design brief is in some cases based on theoretical calculations and 
sometimes on assumptions in the design.   

6.1.1 Musts 
Calculations regarding potential energy production show that the system should be able to 
deliver sufficient energy to run fish farms of different sizes. However, it is an assumption that 
the battery system will be able to store sufficient energy amounts to keep the energy output 
over periods without waves. 

Dimensioning, such as thickness of the main hull, is only based on assumptions. It is therefore 
difficult to say how well the hull withstands the forces it will be put to in offshore conditions. 

The requirement that the produced energy must come from renewable resources is fulfilled.  

6.1.2 Shoulds 
The concept is based on viable technology. Although the overtopping wave technology is not 
commercially fit yet, it is a technology that theoretically works and also quite large prototypes 
using this method have been tested. But the use of this developing technology is also a part of 
the wish to develop a future oriented concept. 

Considering the size and shape of the GreenWave unit it should be able to stop surface waves 
and reduce the turbulence in shallow water. The large interior volume also allows for large 
feed storage. Since the GreenWave concept can store more feed than the feed barges of today 
it requires less refill occasions, which reduces transports to the fish farm. The access system is 
large enough for large vessels to berth and the variable floating level enables access at all 
times. The only requirement that is not fulfilled is the accommodation possibilities, which 
might be a further development.  
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7. Conclusions 
The GreenWave concept meets the aim of the project within its boundaries in general.  

When it comes to how well each requirement in the design brief it varies. This is further 
discussed in the Discussion-section above. 

More research could have been made about the design of ocean structures to achieve a more 
viable design of the main body of the concept.  

It would have been relevant to investigate and discuss economical aspects of the concepts to 
get a picture of the feasibility of the concept. 

 

7.1 Further development 
A further development of the GreenWave concept could be the integration of accommodation 
facilities in one or several units. This has been considered but was left out when trying to 
narrow down the project. Integration of this would mean that a separate accommodation barge 
would not be needed. 

If the GreenWave units are placed somehow near shore it could be relevant to connect them to 
the power grid onshore. This would help to even out highs and lows in the energy production 
and also work as an energy buffer instead of the batteries. If more turbines were installed and 
the water reservoir capacity was increased the units could most likely produce more energy 
than needed at the farm sites and in that case contribute to the general energy production. 

Further development could also include the construction of a prototype, which can be used for 
testing of the constructions behaviour in offshore conditions. Also a prototype of the energy 
generating system would be interesting to test and evaluate. 
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