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introduction
the fish farming industry is today one of the 
largest industries in norway, second only to 
the oil industry. these two major industries 
constitute the core of the norwegian 
economy. a lot of money from the fish 
farms come from export. norwegian fish, 
especially salmon, is known all around the 
world because of it`s delicious taste. the 
demand for fish is constantly growing. 
the oil industry on the other hand is more 
uncertain, based on the limited oil resources 
around the world and this includes norway. 
also the general population has become 
more focused on green energy during the 
last years wishing to avoid the use of fossil 
fuel. 
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a general belief is that the fish farming 
industry has to expand due to the rising 
demand. however, one of the major 
issues with large-scale fish farming is its 
sustainability, as the fish farms use a lot of 
energy to maintain full operation. the only 
way fish farming can expand is by having 
renewable energy sources onboard. along 
with expansion the farming sites will need 
to be situated at more exposed locations 
further out to sea, due to lack of space 
inshore. moving offshore creates a healthier 
enviroment for the fish, but also creates a 
greater demand on self-sufficiency as it`s 
expencive to transport energy resources 
from land by boat over great distances.  
moving the farm sites further out will also 
expose the fish cages for rougher sea.



5

Focus
our project aims at designing a self-
sufficient fish farming site that covers all the 
energy needs of such a platform. in addition 
we would like to somehow protect the fish 
cages from the rough sea, while allowing 
the fish farm to spread out as far and wide as 
it needs to keep a healthy fish enviroment. 
We have also focused on modular units that 
can be addapted to different fish farms, as 
they tend to vary in size. our final concept 
is greenWave.
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Process
First we went on a small field trip to  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, and 
is run by aquaculture engineering. after 
visiting tristein we began sketching energy 
platforms. We looked into a lot of different 
energy forms, amongst them solar power, 
algea, wind and wave power. after visiting 
various professors at all the corners of the 
ntnu campus, showing them our sketches, 
we concluded that wavepower was the 
best energy source for our fish farm. then 
the possibility to combine this energy 
production with the facilities already 
existing at the farm site and some protection 
for the fish cages, was futher explored. in 
addition to sketcing, plasticine models were 
made to get a tactile perception and better 
understand of  how it would function in 
water. . to dimension the energy producing 
elements of the concept, rough estimates 
were made regarding energy needs based 
on research of the energy need of an existing 
fish farm in mid-norway. the concept was 
refined and 3d-modelled.
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overvieW outside
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overvieW inside
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Wave stoPPer
greenWave is not made for stopping 
long period ocean swells, but reduce 
the shallow turbulence which also is the 
most energydense. the main aim for the 
construction is to stop overtopping waves 
at a maximum height of 3 meters, 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 modules are placed in a half circle in front 
of the fish cages, so that most are turned in 
the direction of the incoming waves. Waves 
usually come from approximately the same 
direction over longer periods of time, and 
putting the structures around the cages in 
a half sircle is the safest choice. if the waves 
change direction they will be within the 180 
degree range.
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energy 
Production and 
storage
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. the potential energy given 
from the elevated water is then recovered 
through hydroelectric turbines of propeller 
type. the reservoir constitutes a buffer to 
get an even energy production from the 
turbines, still given relatively constant refill 
of new water. each greenWave contains of 
two turbines with respective transformators 
connected to ultracapacitor batteries that 
can store massive amounts of energy until 
it`s needed.

average energy consumption at fish farms 
with ten fish cages is today approximately 
around 70kW. our energy system delivers 
140 kW, as we know that the energy 
supplies will vary due to weather condition. 
the 70kW is always available due to the 
overproduction of electricity that is stored 
in batteries.
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elevation and 
loWering
the weather conditions at sea can be unruly 
and sometimes rough, but at long periods 
surprisngly calm. to ensure overtopping 
in variable conditions and wave height, a 
variable ballast system is used. the system 
constitutes of compartments with water 
and air, 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. 
this function is regulated by a waterpump 
at the bottom of the cosntruction. 

in additon this pump regulates the height 
of the structure as fodder is spewed out 
from the containers and into the fish cages, 
making the construction lighter and off 
balance. the water pump is controlled by 
an advanced electrical system.the variable 
floating levels create different heights for 
the water to drop of and will affect the 
amount of energy that can be generated in 
the turbines.
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accessiBility
greenWave is accessible at all times, never 
letting the water level reach above 3 meters 
from the top of the structure. For boats to be 
able to barge and for regular maintenance 
the system, the greenWave has an access 
system on the backside, sheltered from 
waves. the floating dock moves with the 
water and allows boats to dock no matter 
weather conditions or height of the 
construction. the landing leading from the 
dock to the door has wheels that allows 
free movement. to ensure the dock from 
smashing into the structure there are rubber 
protrusions along the back of it. 
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Fodder storage
to store and deliver fodder to the fish cages, 
each green Wave module contains a feed 
system. this system contains eight fishfood 
silos, devices for dosage of fodder from 
each silo and two blowers. the silos are 
filled up through hatches reachable from 
the backside of the construction. the food 
is later pumped out to the fish cages.

one greenWave is thought to provide 
fodder to two fish cages and has the storage 
capasity of approximated 200 ton fishfood.
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Fodder 
rePlenishment
Big feed ships anchor to the floating dock at 
the back of greenWave. tubes are led from 
the deck of the ship into the hatches that 
open manually from the construction.       
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transPort
greenWave is ment to lie permanently at 
the fish farm site as long as it is active. still it 
needs to be transported to the location. Big 
ships pull several modules of greenWave by 
heavy ropes. there are massive anchoring 
points of steel on both side of each 
construction that are later used for mooring. 
the modules are anchored with the same  
technology as the fish cages  under water. 
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alternative 
Formations
the traditional formation of fish cages at fish 
farms close to the shore are 2x4 to 2x6. the 
fish cages should also have a minimum of 
50 meters between them in all directions to 
ensure a steady flow of water and removal 
of excrements from inside and below the 
cages. the fish cages of today also have a 
diameter of 50 meters  so that the fish have 
enough space to move without feeling 
stressed. as the fish farms move further 
outside the coast, the water streams get 
stronger and vary more in direction. this 
allows freer formations of the fish cages. 
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materials
concrete
concrete is a very strong material made 
up of aggregate, cement and water. it`s  
often used at sea and along the coastline, 
and also in large and small constructions 
inland. concrete is lighter and chaper than 
steel, although still quite heavy. it`s easily 
cast. our main hull is made up of reinforced 
concrete, with steel rods inside the concrete 
to manage the great forces from the 
sorroundings.

Fiberglass
Fiberglass is a fiber reinforced polymer 
made of a plastic matrix reinforced by fine 
fibers of glass. this combination makes the 
fiberglass extremely strong and it`s also 
light and easy to mold. these properties 
makes it the optimal material for the side 
of the greenWave that meets the incoming 
waves. 
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