
 

© SCHOOL OF SCIENCE & ENGINEERING – AL AKHAWAYN UNIVERSITY 

 

 
 

SCHOOL OF SCIENCE AND ENGINEERING 

 

 

 

 

 

 

 

 

 

SUSTAINABLE FISH FARM IN SIDI IFNI 
 

 

Capstone Design  
 

 

May 2021 

 

 

 Inass Sabbahi 

 

 

Supervised by: 

  

Hassan Darhmaoui 

  

Naeem Nisar Sheikh 
 



i 

SUSTAINABLE FISH FARM IN SIDI IFNI 

 

 
Capstone Final Report 

    

Student Statement:        

I have applied ethics to the design process and in the selection of the final proposed design. I 

also have held the safety of the public to be paramount and has addressed this in the presented 

design wherever may be applicable. 

 

 

 

_____________________________________________________ 

Inass Sabbahi 

 

 

Approved by the Supervisors: 

 

 

 

_____________________________________________________ 

Dr. N. Nisar Sheikh  

 

 

_____________________________________________________ 

Dr. H. Darhmaoui  

 



ii 

List figures 

 

Figure 1 – Number of alerts per region in 2015. 

Figure 2 – Contamination level of Cadmium, Lead, and Mercury. 

Figure 3 – The price of sea bream and sea bass in the European market. 

Figure 4 – Production level of fish and bivalves in Morocco. 

Figure 5 – Oriental Region: Driouch-Nadore(Left) - Nador-Saidia(Right) 

Figure 6 – Tangier-Tetouan-Al Hociema Region: Amsa-Kaa asrass(Left) - Kaa asrass-Al  

Hociema(Right) 

Figure 7 – Souss Massa Region: Imsouane-Tamri(Left) - Cap Ghir-Tamraght(Right) 

Figure 8 – Souss Massa Region: Tifnit-Oued Massa(Left) - Oued Massa-Sidi Boulfdail(Right) 

Figure 9 – Guelmim Oued Noun Region: Mirleft-R’kount(Left) - Sidi Ifni(Right) 

Figure 10 – Dakhla Oued Eddahab Region: Labouirda(Left) – Cintra-Ain Baida(Right) 

Figure 11 – Sidi Ifni zone 

Figure 12 – Pictures of some species  

Figure 13 – longlines(left) – sketch of longlines(right) 

Figure 14 – The raft(left) – sketch of the raft(right) 

Figure 15 – floating cage(left) – sketch of the cage(right) 

Figure 16 – Aquapod(left) – sketch of the Aquapod(right) 

Figure 17 – Semi-submersible system(left) – sketch of the Semi-submersible system(right) 

Figure 18 – AKVASMART automated feeding system 

Figure 19 – Multi Sensor 

Figure 20 – Wireless Sensor 

Figure 21 – Biomass Monitor 

Figure 22 – Types of cameras 

Figure 23 – The plan to grow the species 

Figure 24 – Elliptical Aquapod sketch 

Figure 25 – Sustainable feeding barge 

Figure 26 – 2D design of the system 

Figure 27 – 2D design of the fish farm from the top 

Figure 28 – The mesh 

Figure 29 – Connecting node 



iii 

List of tables 

 

Table 1 – Contamination level allowed and rejected of Lead, Mercury, and Cadmium 

Table 2 – Environmental criteria to select location for fish farming. 

Table 3 – Information and conditions of some species 

Table 4 – Information about the chosen species 

Table 5 – Non-recurring costs of floating cages design 

Table 6 – Recurring costs of floating cages design 

Table 7 – Total revenue of floating cages design 

Table 8 – Non-recurring costs of Aquapod design 

Table 9 – Recurring costs of Aquapod design 

Table 10 – Total revenue of Aquapod design 

Table 11 – Non-recurring costs of semi-submersible design 

Table 12 – Recurring costs of semi-submersible design 

Table 13 – Total revenue of semi-submersible design 

Table 14 – Non-recurring costs of ellipsoidal Aquapod design 

Table 15 – Recurring costs of ellipsoidal Aquapod design 

Table 16 – Total revenue of ellipsoidal Aquapod design 

Table 17 – The results of each design 

Table A – The species and the breeding techniques of the offshore companies in Morocco 

Table B – The variable costs 

Table C – The mesh sizes 

 

 

 

 

 

 

 



iv 

List of abbreviation  

 

ANDA   National Agency for the Development of Aquaculture 

SAM      Societe Aquacole de la Moulouya 

FAO       Food and Agriculture Organization  

 

 



v 

 

Table of Contents 
 

 

 

List of figures ............................................................................................................................ ii 

List of tables ............................................................................................................................. iii 

List of abbreviation ................................................................................................................. iv 

Abstract ................................................................................................................................... vii 

1. Introduction .......................................................................................................................... 1 

2. Literature Review ................................................................................................................. 2 

2.1. Aquaculture in Morocco .................................................................................................. 2 

2.1.1. The characteristics of offshore businesses ................................................................ 2 

2.1.2. The limitations of Moroccan aquaculture ................................................................. 3 

2.2. Aquaculture in Greece ..................................................................................................... 7 

2.3. Aquaculture in Italy ......................................................................................................... 8 

2.4. Aquaculture in Spain ....................................................................................................... 8 

2.5. Aquaculture in France ...................................................................................................... 8 

3. Aquaculture location requirements .................................................................................... 9 

3.1. Criteria associated with the farmed fish .......................................................................... 9 

3.1.1. Temperature .............................................................................................................. 9 

3.1.2. Salinity ...................................................................................................................... 9 

3.1.3. Current ...................................................................................................................... 9 

3.1.4. Dissolved oxygen ...................................................................................................... 9 

3.1.5. water depth .............................................................................................................. 10 

3.1.6. Biofouling ............................................................................................................... 10 

3.1.7. Water contamination ............................................................................................... 10 

3.2. Criteria associated with the mooring system and the cage ............................................ 11 

3.2.1. Water height ............................................................................................................ 11 

3.2.2. Seabed ..................................................................................................................... 11 

3.2.3. Current speed .......................................................................................................... 11 

3.3. Choosing the location .................................................................................................... 11 

3.3.1. Suggested locations ................................................................................................. 11 

3.3.2. The chosen location ................................................................................................ 13 

4. The systems ......................................................................................................................... 16 

4.1. Breeding techniques ....................................................................................................... 16 

4.1.1. Long floating lines .................................................................................................. 16 

4.1.2. Suspended on rafts .................................................................................................. 16 

4.1.3. Floating cages ......................................................................................................... 17 



vi 

4.1.3. Aquapods ................................................................................................................ 18 

4.1.3. Semi-submersible system ........................................................................................ 18 

4.2. Feeding system .............................................................................................................. 19 

4.2.1. Feeding on boat ....................................................................................................... 19 

4.2.2. Automated feeding barges ...................................................................................... 19 

4.3. Monitoring system ......................................................................................................... 20 

4.3.1. Multi sensor ............................................................................................................ 20 

4.3.2. Wireless sensor ....................................................................................................... 20 

4.3.3. Biomass monitor ..................................................................................................... 21 

4.3.3. Cameras ................................................................................................................... 21 

5. Financial study .................................................................................................................... 23 

5.1. Floating cages ................................................................................................................ 23 

5.2. Aquapods ....................................................................................................................... 26 

5.3. Semi-submersible........................................................................................................... 28 

5.4. Ellipsoidal Aquapods ..................................................................................................... 30 

6. The chosen design ............................................................................................................... 33 

6.1. The system ..................................................................................................................... 33 

6.2. The measurements ......................................................................................................... 34 

7. STEEPLE analysis ............................................................................................................. 37 

8. Conclusion ........................................................................................................................... 38 

References ............................................................................................................................... 39 

Appendix A ............................................................................................................................. 42 

Appendix B .............................................................................................................................. 43 

 

 

 

 



vii 

 

 

 

 

 

Abstract 

 

 

When it comes to meat, fish is the healthiest option and part of the food culture of some 

countries. With the increase of population, comes the increase of the consumption per capita 

which is why humans moved from traditional fishing to inland aquaculture, to shore 

aquaculture, and finally to offshore aquaculture. This field relies on specific criteria and 

measurements to grow healthy fish using different techniques. However, the majority do not 

take into account the negative impact that this business can have on the environment. This 

capstone project aims to design an offshore system that will grow healthy fish in a sustainable 

environment in Morocco. It will cover a literature review about this field in Morocco and 

other Mediterranean countries, criteria to choose the best location to set up the fish farm, and 

the breeding techniques, feeding techniques, and the monitoring systems available. I will also 

study the profitability of four different scenarios and choose the best one to implement. 
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1.    Introduction 

 

 

Morocco started in the aquaculture business before many European countries including 

Greece that is considered now as number one exporter of sea bass and sea bream. However, 

after aquaculture expended in Europe and due to some environmental, managerial, and 

financial factors, companies in Morocco stopped the business and thus Morocco closed its 

doors on the international market. However, after the creation of ANDA and the launching of 

the strategy Halieutis, the government came with a new hope to take the Moroccan 

aquaculture back to the international market which is good since this sector is very profitable.   

 

Going back to the international Market will be better if the fish farming technique is 

sustainable which is an added value that not all the businesses adopt as they only care about 

increasing the production level. Unfortunately, aquaculture comes with a bad impact on the 

environment as when there is a large amount of fish in one location, waste is produced and 

oxygen is decreased which creates algal, diseases, and even dead zones.  

 

The goal of the capstone project is to design an environmentally friendly fish farm system in 

Morocco that comes with business benefits. In the first chapter, I will do a literature study 

about the history of aquaculture in Morocco and go in details about the reasons it left the 

international market in addition to a brief look at the aquaculture in the Mediterranean region. 

The second chapter will cover the criteria that can affect the fish and the mooring system 

when in comes to choosing the location in which at the end I will choose the best location. In 

the third chapter, I will look at the different techniques used which covers the breeding, 

feeding, and mooring systems that are used to have an idea about the system that I will design 

at the end. Later in the fourth chapter, I will come up with three different designs and study 

the profitability and the cost of each one to choose the best one to implement. The fifth 

chapter will include the measurements and the computer design of the chosen scenario. 

Finally, I will include a STEEPLE analysis of the project, and the impact it has on each 

aspect.  
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2.    Literature Review 

 

2.1. Aquaculture in Morocco: 

 

The first experience of fish farming in Morocco started inland in 1924 in Azrou then came a 

coastal farm which is considered marine in 1950 with another oyster farm but this time in 

Oualidia. Another marine aquaculture and more specifically offshore set foot in Morocco until 

1985 thanks to the company Marost which produced a variety of species and was the first in 

terms of the production level. Later in 1992, a new company called SAM which stands for 

Societe Aquacole de la Moulouya came with a new breeding technique which is earthen 

pounds. In 1998, two offshore businesses started in Cap Mazi and M’dieq called Doraloup 

and AquaM’dieq. Due to the strategic location of Dakhla, since 2000, many oyster and clam 

businesses launched there. [1] 

 

2.1.1. The characteristics of the offshore businesses:  

 

When it comes to offshore fish farming, there were four companies operating in Morocco, 

Marost, AquaM’dieq, Doraloup, and Société Mejilloneras Del Norte. Each one used different 

breeding techniques and cultivated different species (See Table A in appendix A):  

 

✓ Marost:  

Started in 1985 in Nador, and it is considered the start of the modern aquaculture in 

Morocco. It used to produce a variety of species that include Spotted Wolffish, sea bass, 

sea bream, Snouted Fish, European Eel, and Shrimp, but it focused more on the 

production of sea bream and sea bass around the beginning of the nineties. It used floating 

cages, long floating lines, and fixed metal tables as breeding techniques depending on the 

species. All the product is exported abroad to France, Spain, and Italy, and it was behind a 

growth that went from 500 tons to 1300 tons in four years. However, due to the 

competition in the field and the European sanitary restrictions, the price and the 

production level dropped from 1440 tons to 291 tons which led to closing the business in 

2006. [2] 
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✓ AquaM’dieq: 

Started in 1998 in M’dieq, and it is the only offshore fish farm that is still operating. It 

used to produce sea bream, sea bass, and Skinny Fish, but it is specializing now only on 

the production of sea bream. It uses 14 floating cages (Diameter= 20m, Hight= 1m, 

Depth= 5m), produces around 220 tons per year, and spends 15 Million MAD to raise one 

cycle (20 months). It also suffered from the drop in prices in the market. However, it 

shifted its focus from exporting abroad to selling locally in order to keep the business from 

shutting down. The only problem left is the expensive fish feed prices due to banning 

animal protein. [2] 

 

✓ Doraloup:  

Started in 1998 in Cap Mazari. It specialized in the production of sea bass and sea bream 

using 10 floating cages. The production level did not exceed 100 tons per year, and with 

the drop of prices and the bad management, it had to stop the business in 2002. [1] 

 

✓ Société Mejilloneras Del Norte: 

Started in 2007 in F’nideq. It specialized in the production of Mussel and oyster using the 

suspended on raft technique. It produced around 250 tons per year, but due to 

environmental reasons, the business is temporarily stopped. [3] 

 

2.1.2. The limitations of Moroccan aquaculture: 

 

Aquaculture in Morocco witnessed a great success and growth during the nineties. However, 

it started going down due to the following factors [4]:  

 

✓ Environmental issues: 

There were metallic contamination and biotoxins found in some areas in Morocco: 

Biotoxins: 

       The sources of biotoxins depends on the type of poisoning. In Morocco, there are three 

types of poisoning detected:  

        Paralytic Shellfish Poisoning (PSP):  

It is caused by consuming filter feeders such as mussels and lobsters that eat particles that live 

in the water which is in this case plankton. The plankton that causes poisoning is 
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dinoflagellates which releases toxins when the temperature is from 15°C to 30 °C and the 

salinity from 20 to 36. [5] 

This condition causes dizziness, respiratory issues, and can even lead to death. There is no 

solution to remove the toxins, but it can be prevented by checking the amount of toxins as if it 

exceeds 80μg in 100g, the area should be banning from fish farming. [6]  

        Amnesic Shellfish Poisoning (ASP): 

It is also caused by consuming filter feeders, but in this case, diatoms, a type of planktons, 

releases toxins under a temperature between 25 and 30 and a salinity from 25 to 30. [7] 

This poisoning causes headache and permanent memory loss and can only be prevented 

instead of removed.[8] 

        Diarrheic Shellfish Poisoning (DSP): 

This is also due to consuming filter feeders that contain okadaic acid released by 

dinoflagellate, a plankton. It causes vomiting, headache, and diarrhea, and it is very 

widespread around the world. [9] 

 

Biotoxins were found in M’dieq and other maritime regions in the Atlantic coast. The 

following graph (Figure 1) shows the number of alerts where the three poisoning cases were 

detected in 2015 [10]: 

 

 

Figure 1: Number of alerts per region in 2015 
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Metallic contamination: 

    It is mainly due to the heavy metals, the human activities, and the demographic growth. The 

metallic contamination used to be very high in Nador and the coastline from Jadida to Dakhla 

as the amounts of Lead, Cadmium, and Mercury used to be very high (Figure 2). [10] 

 

 

Figure 2: Contamination level of Cadmium, Lead, and Mercury  

 

After the withdrawal of the Moroccan aquaculture from the international market, the 

government started paying attention to this field by assessing the condition of the location of 

fish farming by checking the contamination level in each one kilogram of fish. If the sample 

exceeds the certain degrees of metals, the location banned from harvesting (Table 1).  

 

Table 1: Contamination level allowed and rejected of Lead, Mercury, and Cadmium 

 

chemical contamination threshold  Areas Operation 

Lead Cadmium Mercury Ranking Fishing & Breeding 

≤1mg ≤1mg ≤0.5mg A Authorized 

>1mg >1mg >0.5mg D Forbidden 
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✓ International competition: 

Countries in the Mediterranean region like Greece and Turkey started investing in 

aquaculture businesses that includes raising sea bass and sea bream which are considered 

the main species produced in Morocco. The increase in the production that reached 

300,000 tons per year in the whole region led to a drop in the prices of Seabass and 

Seabream from around 8€ to 3€ in 2002 (Figure 3). [2-3] 

 

 

Figure 3: The price of sea bream and sea bass in the European market  

 

 

The drop in prices led to the closure of three businesses in Morocco that were exporting 

abroad and chose not to sell locally since Moroccan do not consume a lot of fish and the 

prices are lower compared to Europe. Therefore, Marost that was responsible for the 

growth and the success of aquaculture in Morocco closed which led to a decrease in the 

production level (Figure 4). [3] 

 

 
Figure 4: Production level of fish and bivalves in Morocco 
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✓ Sanitary Measures:  

After the adoption of European restrictions, the quantities produced in some shellfish 

farming companies decreased. However, some companies like the one in Oualidia that 

produces Oyster did not get affected by it and managed to produce up to 300 tons per 

year.[3] 

 

✓ Lack of investment: 

In the beginning, Morocco was not giving much importance to the aquaculture sector, and 

it was only handled by private companies. However, in 2011, ANDA (National Agency 

for the Development of Aquaculture) was created to support investments, projects, and 

investors and implementing measures to create a well-structured and promising sector 

[11]. The increase in the production in Europe was due to investing in this sector which 

shows the importance of supporting investments. 

 

✓ Absence of the vision of the sector: 

When fish farming started in Morocco, there was a lack of policy, insurance, and 

communication. There was also no vision, expectations, or goal set to achieve in this 

sector which is why the king Mohamed IV launched Halieutis strategy in 2011 that came 

to organize fish farming, use scientific findings, meet high standards, and keep the sector 

sustainable. [12] 

 

2.2. Aquaculture in Greece: 

 

Due to the coastline and the perfect environment to grow certain species, Greece became 

number one exporter of sea bass and sea bream in the world. Being part of the European and 

having many investors also helped in the success in this field as in 2018, they produced 

132,298 tons, and almost 80% f its production is exported. Greece uses net pen technique 

whose cages have up to 120m in the diameter in order to reach a high production level. In 

addition to sea bass and sea bream, that represent 95% of its production, Greece produces 

Rainbow trout, tuna, European Eel, and shellfish that includes oysters and mussels. [13] 
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2.3. Aquaculture in Italy: 

 

Due to the presence of fish in the Italian cuisine and culture and the increase of the demand, 

Italy decided to experiment with fish farming until late eighties and official started 

aquaculture as a business in late nineties. In 2004, they managed to produce 232,000 tons that 

is high quality and used locally in addition to importing more fish due to the high need. The 

breeding techniques in Italy depend on the locations as in freshwater, ponds are used, and in 

the south, cages are used. When it comes to the species, Sturgean, carp, and catfish represent 

97% of the production. [14]  

 

2.4. Aquaculture in Spain: 

 

Compared to the previous countries, Spain started offshore fish farming earlier in 1964. 

However, inland aquaculture was surprisingly practiced in 1129. The majority of the 

production is consumed and the rest which is around 30% to 45% is exported though it also 

used to import sea bream from Greece and Morocco. In 2018, 347,813 tons were produced 

using different techniques like swamps, rafts, ponds, cages, and longlines. Spain produces a 

variety of species that includes gilthead sea bream, European Eel, Turbot, and sea bass, but 

mussels represent the majority with 89% of the production. [15]    

 

2.5. Aquaculture in France: 

 

Fresh water fish farming started in France 100 years ago, and since 1970, French scientists did 

a lot of research about the development of many species in different location in addition to 

water treatment to make fish farming sustainable. Fish production volume has been decreasing 

compared to early 2000s, but shellfish production remained the same as 186,298 tons was 

produced in 2009 that is mainly Oysters and Mussels. Due to the high demand, the majority of 

the production is for the domestic market and some is imported. However, half of the 

fingerlings is exported.  Chains on rope and metal tables are used to grow oyster, Bouchot and 

vertical piles are used for Mussels, and floating cages for fish. [16] 
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 3.    Aquaculture location requirements 

 

3.1. Criteria associated with the farmed fish:  

 

To choose the suitable location to grow healthy fish, there are some criteria that should be 

taken into account to produce high quality product. (See Table 2) 

 

3.1.1. Temperature:  

 

For fish that live in warm water, they cannot grow nor reproduce when the temperature is 

below 20°C and 10°C respectively, and they can die if the temperature keeps decreasing 

whereas fish that live in cold water cannot support temperature between 20°C to 25°C. In case 

the temperature is very high or very cold, fish die no matter the specie. [17] 

 

3.1.2. Salinity: 

 

In sea, water carries salt and oxygen, so when the salinity is high, oxygen solubility decreases 

since water cannot hold it. Therefor, fish die if they stay in high salinity water. [18] 

 

3.1.3. Current: 

 

Fish move as a group in one direction, so when the current is high, fish use a lot of oxygen 

and energy to resist the current. They can also miss the feed that can be taken away with the 

current and will grow in different sizes. Therefore, current can affect the growth of the fish. 

[18] 

 

3.1.4. Dissolved Oxygen: 

 

Oxygen is a very important element for the fish, and its concentration can be affected by high 

temperature, high salinity. Fish will die if dissolved oxygen is less than 0.3 mg/L and grow 

faster when it is greater than 5mg/L. [19] 
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3.1.5. Water Depth: 

 

Some species can live in a deep water and some can only live around one meter under water 

since they cannot support the high pressure that increases with depth. In case the depth is not 

high, the height of the net should be short since the accumulation of the fish around the seabed 

can start diseases.  

  

3.1.6. Biofouling: 

 

Biofouling such as diatoms and dinoflagellates produce toxins under certain temperature and 

salinity. When water feeders eat the planktons with high concentration of toxins, they can be 

very dangerous on the person who consumes it since it can cause Paralytic, Amnestic, or 

Diarrheic depending on the type of the plankton.  

 

3.1.7. Water contamination: 

 

Especially metallic contamination as in case water has high levels of Lead, Cadmium, or 

Mercury. Fish can absorb them, and the consumer can experience neurological disorder or 

kidney disorder. 

 

Table 2: Environmental criteria to select location for fish farming 

The factors Good Medium Bad 
Waves 1 to 3m <1m >3m 

Depth >30m From 15 to 30m <15m 

Current  <15cm/s From 5 to 15 cm/s <5cm/s 

Water contamination Low Medium High 

Salinity(%) 25 to 35 15 to 25 <15 

Dissolved oxygen(%) 100 75 to 100 <75 

Seabed Sand Mixed Stone 

Biofouling Little Moderate A lot 

Predators None Little many 

 

Source: PAP/CAR [20, p. 29] 
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3.2. Criteria associated with the mooring system and the cage:  

 

The safety of the cage and the mooring system are important as in case there is a problem in 

one of them, it can affect the finances of the business.   

 

3.2.1. Wave height: 

 

Wave height increases with the increase of the depth and it is represented as a huge mass that 

can ruin offshore fish farms by applying stress on the mooring system. It can be risky if the 

wave height reaches more than three meters, and it is considered low if the height is less than 

0.5m. [18] 

 

3.2.2. Seabed: 

 

The morphology of the seabed is very important since offshore cages, lines, or rafts should not 

move which can happen due to currents and waves, so to avoid it, anchors are used by fixing 

in the seabed. Therefore, the seabed should be soft instead of rocky so that the anchor can be 

deeply dragged in the seabed to avoid any movements. [18] 

 

3.2.3. Current speed: 

 

Currents represent 75% of the total forces applied on the cage which can affect the movement 

of the cage and the fish, the exchange of water, and the distribution of the feed. From 10 to 

20cm/s is the current speed recommended and can be risky if it reaches 60cm/s or more. [19] 

 

3.3. Choosing the location:  

 

3.3.1. Suggested locations: 

 

To encourage the international investments in Morocco, ANDA recommends some locations 

in Morocco where investors can choose to start fish farming. These locations respect the 

environmental criteria in addition to other criteria that include industrial zones, airports, road 

networks, markets, touristic areas, and ports. ANDA indicates also the zones that are already 

active and the type of species that can be grown in the suggested locations.  
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The following figures show the locations suggested by ANDA in 2020. [21] 

 

 

 
Figure 5: Oriental Region: Driouch-Nadore(Left) - Nador-Saidia(Right) 

 
 

 
Figure 6: Tangier-Tetouan-Al Hociema Region: Amsa-Kaa asrass(Left) - Kaa asrass-Al 

Hociema(Right) 

 
 

 
Figure 7: Souss Massa Region: Imsouane-Tamri(Left) - Cap Ghir-Tamraght(Right) 
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Figure 8: Souss Massa Region: Tifnit-Oued Massa(Left) - Oued Massa-Sidi 

Boulfdail(Right) 
 

 

 
Figure 9: Guelmim Oued Noun Region: Mirleft-R’kount(Left) - Sidi Ifni(Right) 

 
 

 
Figure 10: Dakhla Oued Eddahab Region: Labouirda(Left) – Cintra-Ain Baida(Right) 

 

 

3.3.2. The chosen location: 

 

After having a look at the suggested locations, I narrowed the options down to Kaa asrass-Al 

Hociema (Figure 6) and Sidi Ifni (Figure 9) since they are the only ones that have a port. 

Since FAO announced that it will invest in Sidi Ifni, it looked clear to me that Sidi Ifni is a 

great place to start a fish farm.  
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✓ Information about the location:  

 

Temperature: 17.4 °C to 20.8 °C 

Salinity: 35.44g/L 

Dissolved Oxygen: from 6.5 to 8mg/L 

Transparency: 6m    

Nitrites: 21.25ug/L 

Nitrates: 175ug/L 

Ammonium: 6ug/L 

Orthophosphates: 35ug/L 

Chlorophyll: 0.7 to 0.73ug/L 

Diatom:  38% to 63% 

Dinoflagellates: 35% to 60%                                               Figure 11: Sidi Ifni zone   

Wave Height: 1.1m to 2.6m 

Source: [22] 

 

This location has a great amount of dissolved oxygen (more than 5mg/L), and the amount of 

metals and acids are low. The percentage of planktons is medium and can change depending 

on the season and the wave height is not high.   

 

✓ Species that can live in the chosen location:  

 

According to Table 3 and the information about the location, we can say that sea bream, sea 

bass and Skinny fish can live in the sea of Sidi Ifni.  

 

Table 3: Information and conditions of some species 

 

Specie Scientific name Temperature 

(°C) 

Salinity

(‰) 

Depth Density Production 

cycle 

Sea bream  Sparus Aurata 22 to 26 30 to 37 Up to 30m 25 to 40kg/m3 16 months 

Sea bass Lates Calcarifer 22 to 27 30 to 37 50 to 80cm 25 to 35kg/m3 18 months 

Skinny fish Argyrosomus Regius 17 to 22 36 to 38 Less than 40m 15 to 25 kg/m3 18 months 

Mussel Mytilus Edulis 10 to 20 33 to 37 0.9m - 6 to 7 months 

Oyster  Ostreidae 14 to 20 20 to 25 0.6 to 8m 10 kg/poche 18 to 24 months 

Shrimp  Caridea 25 to 32 à 15 to 25 1 to 2m - 6 to 8 months 
 

Source: [23] 
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Figure 12 below shows the images of the species mentioned in Table 3: 

 

 

 
Figure 12: Pictures of some species 



16 

4.   The systems 

 

This chapter is covering the three main systems in offshore aquaculture which are the 

breeding technique, the feeding system, and the monitoring system. Knowing the systems will 

help in choosing the appropriate technique for this project. 

 

4.1. Breeding techniques: 

 
4.1.1. Long floating lines: 

 

This technique is used to grow mussels and seaweed and highly utilized in Ireland and New 

Zeeland. It can either be floating, semi-submerged, or submerged, and the lines can be either 

perpendicular or parallel to the current. In this technique, mussels and seaweed are growing 

on dies that are vertically attached to the main line [24]. The mooring system consists of 

floaters per line, rolls of tie-tie per line, ropes, anchors, and chains (Figure 13) [25].   

 

 

 

Figure 13: Longlines(left) – sketch of longlines(right) 

 

 

4.1.2. Suspended on raft: 

 

This technique is originated from Japan but used a lot in Spain, and it consists of a mooring 

system, a raft, and ropes suspended form it which carries the mussels. Rafts are mainly used to 

grow mussels and can be submerged which is good in locations that experience high waves, 

and it must be set in a location starting from 20 m depth to have more space for the mussels. 

However, this technique has never been used in the North Sea [24].  
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Figure 14: The raft(left) – sketch of the raft(right) 

 

 

4.1.3. Floating cages: 

 

This technique is the most common in offshore fish farming as it allows fish to grow in its 

environment unlike the inland technique which can be economically beneficial. It has been 

used for more than 20 years, and it has three components: the mooring system, the net, and the 

floating collar. The latter helps the cage to keep floating(buoyancy) and maintain its shape as 

it is composed of collar pipes whose diameter can go from 225mm to 630mm in addition to 

brackets that keep the pipes together [28]. The mooring system is composed of ropes, chains, 

and anchors that help preventing any movement especially during bad weather. When it 

comes to the net, the mesh should not be too small or too big as it is used to let water inside 

the cage while holding the fish. The cage’s diameter can go from 13m to 83m, and the water 

depth should be at least three times the length of the net since the fish should not be close to 

the seabed otherwise it might develop diseases. [29] 

 

 
Figure 15: Floating cage(left) – sketch of the cage(right) 
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4.1.4. Aquapods: 

 

 

Due to the risk of loosing the fish because of bad weather or predators (birds, big fish…) that 

came after using the floating cages, a new technique was developed to avoid this issue. 

Aquapods are spherical shaped cages composed of triangular shaped panels that hold the 

metallic mesh. This system can be submersible which means it is not affected by waves, has 

more fresh water that goes through, and can be easily cleaned just by spinning it which does 

not require a high maintenance cost [30]. The diameter of an Aquapod can go from 8m to 

20m, the cost from 20 000 to 150 000 euros, and the depth up to 60m. [31] 

 

 

 
Figure 16: Aquapod(left) – sketch of the Aquapod(right) 

 

 

4.1.5. Semi-submersible system: 

 

 

This technique uses floating cages except in order to protect it from birds and waves that can 

reach 10m, a hexagonal shaped top made of metal was added to it (Figure 17). The new 

addition has a walkway to access different parts of the cage and a feed silo that can store 3tons 

of feed and is controlled by a computer.  However, this system has drawbacks when it comes 

to changing the net since the cage has a heavy top and harvesting because of the little access 

to the fish. In addition to this, it requires a high maintenance cost to prevent corrosion and the 

price of the system is expensive as it costs 50 euros per m3. [32] 
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Figure 17: Semi-submersible system(left) – sketch of the Semi-submersible system(right) 

 

 

4.2. Feeding system: 

 
This system is very important in aquaculture since it is responsible for growing healthy fish. It 

can either be done traditionally by boats or automated by using feeding barges. 

   

4.2.1. Feeding by boats: 

 

This technique requires going to the location three times a day to feed the fish which requires 

labor and can be time consuming to go over every cage. It also may not be efficient since the 

feed can only reach the area near the collar pipes especially if the cage is big; therefore, it may 

not be distributed equally, and the fish may grow in different sizes. In case of bad weather that 

may last for days, the fish farmers cannot go to the location to feed the fish, so it can affect the 

fry fish or the fingerlings since they are still small and in need of feed. This technique may 

look cheap, yet it is not in the long term, so it is better to invest in an automated system.  

 

4.2.2. Automated feeding barges: 

 

Barges are more convenient since they have a high storage capacity and does not require 

visiting the fish farm every time thanks to the automated technique. The feeding system can 

be controlled from afar using a computer or even a phone. A wireless sensor, attached to the 

cage, can tell the right time to feed the fish, so it sends signals to a software that can start the 

feeding process from the feed blower that transfers the feed from the feed silo, to the feed 

valve, and finally to the feed pipe that is attached to a subsea feed in the cage (Figure 18). 

This automated system can control up to 40 stations and 1000 tanks. [28] 
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Figure 18: AKVASMART automated feeding system 

 

4.3. Monitoring system: 
 

Since fish is raised in a closed environment, hygiene become an important matter, and the 

spread of disease is more likely to happen. It is also used in the feeding system which is why 

monitoring is important to maintain healthy fish. 

 

4.3.1. Multi sensor: 

 

This sensor is placed inside the cage and collects 

information about the temperature, salinity, oxygen, 

conductivity, water pressure, water depth, water level, 

and current. The latter’s speed and direction help in the 

feeding system as tidal currents can move the feed away 

from the cage. This can affect the fish and also the 

financial results as the feed represent a big part of the 

annual cost. [28]                                                                            Figure 19: Multi Sensor 

                                                                                               

4.3.2. Wireless sensor: 

 

This element is necessary in the AKVASMART 

automated feeding system as it is the one that sends 

signals to the software in case fish wants to eat based on 

the water temperature and the movement of the fish. It 

can also sense the oxygen level and has a 360° camera 

that sends horizontal footage of the surface of the cage. [28]    Figure 20: Wireless Sensor 
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4.3.3. Biomass monitor: 

 

This system is automated and senses the fish on the whole 

column that it is floating on top of. It sends daily reports 

to the software which contains information about the size 

of the fish, the density, the speed, and the arrangement of 

the fish. It can even send a warning when fish is about to 

escape. [33]                                                                                 Figure 21: Biomass Monitor 

                                                                                               

 

4.3.4. Cameras: 

 

 

Cameras are the main component in a monitoring system since fish farmers can check the 

situation of the fish anytime without having to visit the farm. There are four types used in 

aquaculture [34]: 

 

✓ Surface camera: 

This camera is set on the side of the cage to see the responsiveness of the fish towards the 

food by jumping which tells whether they were hungry or not. It can also show if there is fish 

floating on the surface which indicates that there is something wrong that led to the death of 

the fish.  

 

✓ Stereo video: 

This one is installed inside the cage at a depth that can reach 25m and is waterproof. It can 

also record 3D videos which helps observing the behavior and the size of the fish in addition 

to checking whether they had any wounds.  

 

✓ Sonar: 

This camera is also installed inside the cage and waterproof. Unlike the stereo video camera, 

sonar equipped with sensors that can send information about the temperature, the depth, and 

the size of the fish. It can even locate every single fish using the sound waves. 
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✓ Acoustic telemetry: 

This system is not a camera but rather a sensor that works by inserting of tags on or inside 

every fish to track detailed information about each one like the heart rate, the movement, and 

the composition of the blood. It might, however, affect the state of the fish since it requires 

surgery.  

 

Figure 22 below shows the location of the cameras mentioned above: 

 

 

 
Figure 22: Types of cameras 
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5.    Financial Study 

 

In this chapter, we have four designs with the same diameter and height to have an easier 

comparison. I will perform a profitability study for each design to choose the best one to 

implement based on the pay-back period, the annual production, and the life span of the 

equipment.  

 

5.1. Floating cages:  
 

This design consists of 12 floating cages (diameter= 16m, height= 8m, depth=25m) where sea 

bream and sea bass will grow. The sustainable addition to this design is growing mussels as 

7000 tons of mussels gets rid of nitrogen (88 tons) and phosphorous (9.6 tons) [26]. We will 

use15 dies to grow mussels using the longlines technique which is 540 tons of mussels.  

Since sea bream requires 16 months to weight 300g according to Table 4, it will stay an extra 

two months to weight 400g like Sea Bass.  

 

Table 4: Information about the chosen species 

Species Density Mass Production cycle 

Sea bream 30kg/m3 300g 16 months 

Sea bass 30kg/m3 400g 18 months 

Mussel - 60g 7 to 8 months 

Source: [23] 

 

I computed the production level using the following equation: 

Production level = (number of cages) x (fish stock density) x (water volume) 

Water volume = π (radius)2 x (height) 

Water volume = π x 82 x 8 = 1608 m3 

  Production level = 12 x 30 x 1608 = 578 tons 

 

 

Since the production level and the production cycles are determined, the production plan 

should be prepared. The Figure 14 below shows a plan to grow the fish as it is divided into 

three sets, and each set is composed of two cages of sea bass and two of sea bream. Each set 

will be used in a different time so that we can have production at different times of the year. 
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We can notice from the plan that the harvesting will be done until the third year which means 

an extra pay-back period of two years. 

 

 
Figure 23: The plan to grow the species  

 

 

Table 5 and Table 6 contain the recurring costs and the non-recurring costs using the costs 

suggested by ANDA for six cages [23-35]. However, some costs were changed because of the 

amount produced and the number of cages:  

 

Table 5: Non-recurring costs of floating cages design 

  Equipment Cost in MAD 

B
reed

in
g

 
 12 Floating cages 7 665 600 

Anchoring and marking system 1 026 000* 

Installation work 4 284 000* 

Boat and diving equipment 1 810 000 

Feeding barge  5 400 000 

Feeding pipes 691 200 

Mooring system for the barge 720 000 

Monitoring System 960 000 

Water-proof Camera 16 800 

16 dies 3 616 000 

Purification equipment for Mussels 510 000 L
o
g
istics 

Land + development & construction 5 610 000 

Refrigerated Truck 1 500 000 

Various equipment (offices, diving workshops) 560 000 

Total   34 369 600 

Unexpected costs (10%) 3 436 960 

Total 37 806 560 

*includes the costs of the longline system as well. 
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Table 6: Recurring costs of floating cages design 

  Charges Annual cost in MAD 

F
ix

ed
 C

o
st 

Salary (40 person) 5 040 000 

Net and anchoring maintenance 9 871 290* 

Depreciation 3 219 656 

Administrative costs 464 286 

Insurance 568 000 

Maritime land rental 20 600 

Technical support 50 000 

Packaging (Polystyrene) 2 237 760    V
a
ria

b
le C

o
st 

Purification charges 648 000 

Fuel 671 328 

Feed 15 919 200 

Fingerling 173 664 

Dwarf mussels 90 000 

Sanitary charges 132 000 

Total 39 105 784 

 

*includes the costs of the longline system as well. 

Table B in appendix A contains the range of the variable costs.  

It is now the time to choose the price. After checking the prices in the market, the chosen 

prices are:  

Table 7: Total revenue of floating cages design 

Specie Amount  Price per kg Total in MAD 

Sea bass 290 000 kg 120MAD 34 732 800 

Sea bream 290 000 kg 120MAD 34 732 800 

Mussels 540 000 kg 10MAD 5 400 000 

Total revenue 
  

74 865 600 

 

✓ Annual gross profit: 74 865 600 – 39 105 784 = 35 759 816 MAD  
✓ 38% from the profit(tax)*: 13 588 731 MAD 

✓ Annual net profit: 35 759 816 – 13 588 731 = 22 171 085.92 MAD  

✓ Pay-back period: 37 806 560 / 22 171 085.92 = 1.7 years + 2years** = 3.7 years 

 

*the income tax in Morocco if it increases a certain income. [27] 

**the two years prior harvesting as was mentioned in the production plan. 
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5.2. Aquapods: 

 

This design consists of 12 Aquapods (radius= 4m, depth= 25m) where sea bream and sea bass 

will grow. It will also have 15 dies to grow mussels using the longlines technique which is 

540 tons of mussels to remove the nutrients.  

The production level will be different since its shape is spherical: 

Production level = (number of cages) x (fish stock density) x (water volume) 

Water volume = 4/3 π (radius)3 

Water volume = 4/3 π x 43 = 270 m3 

  Production level = 12 x 30 x 270 = 97 tons 

 

The production plan is the same as the one in Figure 23, but this time, one set is composed of 

two Aquapods of sea bass and two of sea bream, and it also has an extra pay-back period of 

two years. 

Table 8 and Table 9 contain the recurring costs and the non-recurring costs using the costs 

suggested by ANDA for six cages [23-35]. However, some costs were estimated because of 

the amount produced:  

Table 8: Non-recurring costs for Aquapod design 

  Equipments Cost in MAD 

B
reed

in
g

 
 12 Aquapods 2 400 000 

Anchoring and marking system 1 026 000* 

Installation work 2 856 000 

Boat and diving equipment 1 810 000 

Feeding barge  5 400 000 

Feeding pipes 691 200 

Mooring system for the barge 720 000 

Monitoring System 960 000 

Water-proof Camera 16 800 

16 dies 3 616 000 

Purification equipment for Mussels 510 000 L
o
g
istics 

Land + development & construction 1 870 000 

Refrigerated Truck 300 000 

Various equipment (offices, diving workshops) 280 000 

Total   22 456 000 

Unexpected costs (10%) 2 245 600 

Total   24 701 600 

*includes the costs of the longline system as well. 
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Table 9: Recurring costs for Aquapod design 

  Charges Annual cost in MAD 

F
ix

ed
 C

o
st 

Salary (40 person) 2 520 000 

Net and anchoring maintenance 822 607.5* 

Depreciation 1 522 106.67 

Administrative costs 232 143 

Insurance 568 000 

Maritime land rental 20 600 

Technical support 50 000 

Packaging (Polystyrene) 1 274 400 

V
a
ria

b
le C

o
st 

Purification charges 648 000 

Fuel 382 320 

Feed 2 673 000 

Fingerling 29 160 

Dwarf mussels 90 000 

Sanitary charges 132 000 

Total   10 964 337.2 

 

*includes the costs of the longline system as well. 

Table B in appendix A contains the range of the variable costs.  

The prices that were chosen in the first design will stay the same in this one: 

 

Table 10: Total revenue of Aquapod design 

Specie Amount  Price per kg Total in MAD 

Sea bass 48 500 kg 120MAD 5 832 000 

Sea bream 48 500 kg 120MAD 5 832 000 

Mussels 540 000 kg 10MAD 5 400 000 

Total revenue 
  

17 064 000 

 

✓ Annual gross profit: 17 064 000– 10 964 337.2= 6 099 662.8 MAD  
✓ 38% from the profit(tax)*: 2 317 871.8 MAD 

✓ Annual net profit: 6 099 662.8 – 2 317 871.8 = 3 781 791 MAD  

✓ Pay-back period: 24 701 600 / 3 781 791 = 6.5 years + 2years** = 8.5 years 

 

*the income tax in Morocco if it increases a certain income. [27] 

**the two years prior harvesting as was mentioned in the production plan. 
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5.3. Semi-submersible system: 

 

This design consists of 12 semi-submersible systems (diameter= 16m, height= 8m, depth= 

25m) where sea bream and sea bass will grow. It will also have 15 dies to grow mussels using 

the longlines technique which is 540 tons of mussels to remove the nutrients.  

The production level is computed as: 

Production level = (number of cages) x (fish stock density) x (water volume) 

Water volume = π (radius)2 x (height) 

Water volume = π x 82 x 8 = 1608 m3 

  Production level = 12 x 30 x 1608 = 578 tons 

 

The production plan is the same as the one in Figure 23, but this time, one set is composed of 

two semi-submersible systems of sea bass and two of sea bream, and it also has an extra pay-

back period of two years. 

Table 11 and Table 12 contain the recurring costs and the non-recurring costs using the costs 

suggested by ANDA for six cages [23-35]. However, some costs were estimated because of 

the amount produced:  

Table 11: Non-recurring costs for semi-submersible design 

  Equipments Cost in MAD 

B
reed

in
g

 
 12 semi-submerged system 9 648 000 

Anchoring and marking system 1 026 000* 

Installation work 4 284 000 

Boat and diving equipment 1 810 000 

Feeding barge  5 400 000 

Feeding pipes 691 200 

Mooring system for the barge 720 000 

Monitoring System 960 000 

Water-proof Camera 16 800 

16 dies 3 616 000 

Purification equipment for Mussels 510 000 

L
o
g
istics 

Land + development & construction 5 610 000 

Refrigerated Truck 1 500 000 

Various equipment (offices, diving workshops) 560 000 

Total   36 352 000 

Unexpected costs (10%) 3 635 200 

Total 39 987 200 
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*includes the costs of the longline system as well. 

 

Table 12: Recurring costs for semi-submersible design 

  Charges Annual cost in MAD 

F
ix

ed
 C

o
st 

Salary (40 person) 5 040 000 

Net and anchoring maintenance 19 742 580 

Depreciation 1 909 844.44 

Administrative costs 232 143 

Insurance 568 000 

Maritime land rental 20 600 

Technical support 500 00 

Packaging (Polystyrene) 2 237 760 

V
a
ria

b
le C

o
st 

Purification charges 648 000 

Fuel 671 328 

Feed 15 919 200 

Fingerling 173 664 

Dwarf mussels 90 000 

Sanitary charges 132 000 

Total   47 435 119.4 

 

*includes the costs of the longline system as well. 

Table B in appendix A contains the range of the variable costs.  

The prices that were chosen in the first design will stay the same in this one: 

 

Table 13: Total revenue of semi-submersible system 

Specie Amount  Price per kg Total in MAD 

Sea bass 290 000 kg 120MAD 34 732 800 

Sea bream 290 000 kg 120MAD 34 732 800 

Mussels 540 000 kg 10MAD 5 400 000 

Total revenue 
  

74 865 600 

 

✓ Annual gross profit: 74 865 600 – 47 435 119.4 = 27 430 480.56 MAD  
✓ 38% from the profit(tax)*: 10 423 582.61 MAD 

✓ Annual net profit: 27 430 480.56 – 10 423 582.61 = 17 006 897.94MAD  

✓ Pay-back period: 39 987 200 / 17 006 897.94 = 2.3 years + 2years** = 4.3 years 

 

*the income tax in Morocco if it increases a certain income. [27] 

**the two years prior harvesting as was mentioned in the production plan. 
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5.4. Ellipsoidal Aquapod:  

 

Since it is better not to increase the height of the system so that the location is not in a high 

depth, I thought about using Aquapod since it is sustainable, but instead of a sphere, we will 

work with an ellipsoid to increase the volume without having to increase the height. Figure 

24 shows a simple sketch of the system in which a and b were chosen to be 8m to have the 

same diameter as the previous designs with a  25m depth. 

 

 

 
Figure 24: Elliptical Aquapod sketch 

 

  

 

The production level is computed as: 

Production level = (number of cages) x (fish stock density) x (water volume) 

Water volume = 4/3 π x a x b x c (Figure 24) 

Water volume = 4/3 π x 8 x 8 x 4 = 1072 m3 

  Production level = 12 x 30 x 1072 = 386 tons 

 

 

The production plan is the same as the one in Figure 23, but this time, one set is composed of 

two ellipsoidal Aquapods of sea bass and two of sea bream, and it also has an extra pay-back 

period of two years. 

Table 14 and Table 15 contain the recurring costs and the non-recurring costs using the costs 

suggested by ANDA for six cages [23-35]. However, some costs were estimated because of 

the amount produced:  
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Table 14: Non-recurring cost of ellipsoidal Aquapod design 

 

  Equipments Cost in MAD 

B
reed

in
g

 

 12 ellipsoidal Aquapods 9 600 000 

Anchoring and marking system 1 026 000* 

Installation work 4 284 000 

Boat and diving equipment 1 810 000 

Feeding barge  5 400 000 

Feeding pipes 691 200 

Mooring system for the barge 720 000 

Monitoring System 960 000 

Water-proof Camera 16 800 

16 dies 3 616 000 

Purification equipment for Mussels 510 000 

L
o
g
istics 

Land + development & construction 3 740 000 

Refrigerated Truck 900 000 

Various equipment (offices, diving workshops) 560 000 

Total   33 834 000 

Unexpected costs (10%) 3 383 400 

Total   37 217 400 

*includes the costs of the longline system as well. 

 

Table 15: Recurring cost of ellipsoidal Aquapod design 

 

  Charges Annual cost in MAD  
F

ix
ed

 C
o
st 

Salary (40 person) 5 040 000 

Net and anchoring maintenance 822 607.5* 

Depreciation 2 231 826.67 

Administrative costs 232 143 

Insurance 568 000 

Maritime land rental 20 600 

Technical support 50 000 

Packaging (Polystyrene) 1 851 840 

V
a
ria

b
le C

o
st 

Purification charges 648 000 

Fuel 555 552 

Feed 10 612 800 

Fingerling 15 776 

Dwarf mussels 90 000 

Sanitary charges 132 000 

Total   22 971 145.2 

*includes the costs of the longline system as well. 
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Table B in appendix A contains the range of the variable costs.  

The prices that were chosen in the first design will stay the same in this one: 

 

Table 16: Total revenue of ellipsoidal Aquapod design 

Specie Amount  Price per kg Total in MAD 

Sea bass 193 000 kg 120MAD 23 155 200 

Sea bream 193 000 kg 120MAD 23 155 200 

Mussels 540 000 kg 10MAD 5 400 000 

Total revenue 
  

51 710 400 

 

✓ Annual gross profit: 51 710 400 – 47 435 119.4 = 28 739 254.83 MAD  

✓ 38% from the profit(tax)*: 10 920 916.84 MAD 

✓ Annual net profit: 28 739 254.83 – 22 971 145.2= 17 818 338 MAD 

✓ Pay-back period: 37 217 400/ 17 818 338 = 2 years + 2years** = 4 years 

 

*the income tax in Morocco if it increases a certain income. [27] 

**the two years prior harvesting as was mentioned in the production plan. 
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6.    The chosen design 

 

 

After doing research about the requirements a fish farm and the available options in addition 

to the financial study that was done on four systems, it is time to choose the design that will 

be implemented. 

 

6.1. The system: 

 
To choose the final technique, three criteria were taken into account which are the production 

level, the pay-back period, and the service life. Before starting the financial study, I chose the 

same height and diameter in all the designs to have a fair comparison, and it seems clear that 

the second design will be eliminated first since the production level is the lowest in addition to 

having the highest pay-back period. The second comparison will be between the first and the 

third design since they have the same production level. However, semi-submerged system has 

the highest service life which means the first design will be eliminated.  

The most sustainable out of the two remaining designs is the fourth one since it has access to 

more fresh water and easy to clean. However, the most profitable system is the third one. 

Table 17 summarizes the results:     

 
Table 17: The results of each design 

 

Design Technique Production of fish Diameter Height Pay-back period Service Life 

1st Floating cages 580 tons 16m 8m 3.7 years 10 years 

2nd  Aquapods (Sphere) 97 tons 8m 8m 8.5 years 15 years 

3rd Semi-submerged system 580 tons 16m 8m 4.3years 18 years 

4th Aquapods (Ellipsoid) 386 tons 16m 8m 4 years 15 years 

 

 
When it comes to the monitoring system, the wireless sensor will be used since it has a 

surface camera, has sensors, and is an important equipment in the automated feeding system. 

A stereo video camera will also be used to check the behavior of the fish inside the cage.  
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To make the system more sustainable, a green feeding barge will be used as it operates with 

solar and wind energy through six solar panels and two wind turbines installed on top of it as 

shown in Figure 25.  

It has a capacity of 50tons and can feed 12 cages at the same time in addition to generating 

330W of solar energy and 1500W of wind energy that are stored in batteries with a capacity of 

36 kWh. [36].  

 

 
Figure 25: Sustainable feeding barge 

 

 

6.2. The measurements: 

 

This part of the report shows the measurements chosen for the system that includes the cage, 

the mesh, and the mooring system. 

 

 
Figure 26: 2D design of the system 
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The following are the measurements of each element mentioned in Figure 26: 

 

a/ Anchor                              d/ Mooring buoy         g/ Height: 8m 

b/ Ground chain: 37m          e/ Bridle: 10m  

c/ Mooring rope: 100m         f/ Diameter: 16m 

 

 

 
Figure 27: 2D design of the fish farm from the top 

 

 

The following are the measurements of each element mentioned in Figure 27: 

 

a/ Mussels rope(height): 240m        d/ Space between the cages: 15m      

b/ Mussels rope(width): 90m           e/ Rope: 100m 

c/ Cage rope: 30m 

 

The following are the measurements of each element mentioned in Figure 28: 

 

 

 

A= 35mm 

B= 40mm 

C= 43mm 

D= 37mm 

T= 2.5mm 

 

 

                                                       Figure 28: The mesh 

 

These measurements were chosen according to Table C in Appendix A 
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Figure 29: Connecting node 

 

 

The connecting node connects every four cages. The following are the measurements and the 

amount of each element mentioned in Figure 29: 

 

20/ Frame rope: 10 (length= 10m, diameter= 48mm)        26/ Spacing ring: 40 

21/ Thimble: 10                                                                   27/ Shackle: 40 

22/ Spacing ring: 10                                                            28/ Ring: 5 (diameter= 175cm) 

23/ Shackle: 10                                                                    29/ Chains: 60 (length= 7m) 

24/ Bridle rope: 40 (diameter= 36mm, length= 10m)         36/ Shackles: 60 

25/ Thimble: 40 

 

Source: [19] 
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7. STEEPLE Analysis   

 

✓ Social: 
 

This project will open job offers in Sidi Ifni region and will call for experts from the other 

parts of Morocco. It will also cover the need of fish since there is only one offshore fish farm 

in Morocco at the moment.  

 

✓ Technological: 
 

Aquaculture is based on scientific research and works using technology that is still developing 

to come up with more advanced Engineering systems.  

 

✓ Economic: 

 
Aquaculture business is very profitable since tons of fish can be produced every year which 

contributes to the country’s economy especially if the product is exported.  

 

✓ Environmental:  

 
Unfortunately, aquaculture can be harmful for the environment. However, the goal of this 

project is to design a sustainable fish farm which will not affect the environment negatively. 

 

✓ Political: 

 
The government is already doing its best to enhance this sector and encourage people to invest 

in aquaculture. Therefore, a sustainable fish farm project will be highly welcomed.     

 

✓ Legal: 

 
Since this project is sustainable, it does not break any regulation. 

 

 

✓ Ethical: 

 
This project will inspire future fish farmers to be sustainable and start a profitable business 

without causing any harm to the environment.  
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7. Conclusion 

 

 

This capstone project was based on a research study that was predominantly the starting point 

that led to choosing the final engineering system. The study is composed of the history of 

aquaculture in Morocco and in some Mediterranean countries in addition to the limitations 

that led to the withdrawal of Morocco from the international fish market. After knowing the 

drawbacks, choosing the location was the next step which ended up being Sidi Ifni that 

respects the requirements associated with the farmed fish and the mooring system. Later on, I 

looked for the options available when it comes to the breeding techniques, the feeding 

systems, and the monitoring systems in order to choose the technique to implement in the 

final system. To choose the breeding system, a financial study was done on four designs to 

find the most profitable one. However, the measurements of the designs were restricted by the 

depth since aquaculture divers refuse to work in a very deep location. Semi-submersible 

system turned out to be the profitable one which will grow sea bass, and sea bream, and 

mussels. The latter help getting rid of the nutrients that represent the waste released from the 

fish. Mussels along with the green feeding barge that works with solar and wind energy are 

additions that make the system more sustainable.   

The drawbacks of the Moroccan aquaculture used to be the lack of investment, sanitary 

measures, absence of the vision of the sector, the environmental issues, and the international 

competition. Nevertheless, the Moroccan government has been focusing more and more on 

this sector, and we can say that Morocco is ready again to enter the international market, yet it 

will be better if the fish farming techniques are sustainable which will be an added value that 

not all businesses adopt. 
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Appendix A 

 

 

Table A: The species and the breeding techniques of the offshore companies in Morocco 

 

Company Species Breeding Techniques 

Marost (1985-2006) Spotted Wolffish 

Sea bass 

Sea bream 

Snouted Fish 

European Eel 

Shrimp 

Floating cage 

Long floating lines 

Fixed metal tables 

AquaM’dieq (1998- now) Sea bass 

Sea bream 

Skinny Fish 

Floating cage 

Société Mejilloneras 

Del Norte SARL (2007-stopped) 

Mussel 

Oyster 

Suspended on rafts 

Doraloup (1998-2002) Sea bass 

Sea bream 

Floating cage 

 

 

Table B: The variable costs 

 

Elements Cost in DH 

Sanitary charges 0.2 to 0.5 DH/kg 

Fuel 0.5 to 0.6 DH/kg 

Feed 22 to 25 DH/kg 

Fingerling 5 to 6 DH/kg 

Dwarf mussels 0.2 DH/kg 

Purification 1 to 1,2 DH/kg 

 

 

 

Table C: The mesh sizes 

 

Size t A B C D Weight in g/m2 

Small  2,5 35 40 43 73 570 

Large 3 45 50 71 59 590 

Super Large 3,5 73 80 100 85 450 

 

 

Source: [28] 
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Appendix B 

 

 

 

SABBAHI Inass 
EMS 
SUSTAINABLE FISH FARM IN SIDI IFNI 
DARHMAOUI H, SHEIKH N N  
Spring 2021 
 
 

The goal of this capstone is to study and design an offshore fish farm in the city of 

Sidi Ifni that will be as sustainable environmentally and economically as possible.  

 

The first phase of the project will be doing a literature review to know the main 

parameters that need to be looked into according to the current coastal fish farms 

that are operating in the Mediterranean region. Then the exact location to raise fish is 

going to be chosen based on the depth, water temperature, and other criteria. The 

third part is about the engineering design of the fish farm in which the software 

SolidWorks is going to be used to design the main components of the farm including 

the cage and the net with precise measurements and prepare a two-dimensional 

design of how the fish farm looks like. The project will also include the feeding system 

and maintenance, and lastly, the cost analysis that will cover the budget used in the 

project and the pay-back period in which Excel will be used. 

 

Once the data is gathered and more research is done about the location and the 

project, the designing of the fish farm will start which will determine the amount of fish 

produced. The last part that will be done is the cost analysis and the payback period. 

Before moving to any step, the work will be double checked especially the data that 

will be used. In the design phase, the measurements that will be chosen should go 

hand in hand with the data and the location. 

 

Sustainable fish farm will not contribute to water pollution that used to be an 

environmental and an ethical issue. As for the social aspect, fish farms cover the 

need of fish due to the high quantity produced. 


