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Case study on developing financially viable Recirculation 
Aquaculture Systems (RAS) for tilapia production in Egypt: 
Technology transfer from the Netherlands 

Background 
 

Modern aquaculture in Egypt has changed greatly during the past three decades. The 
Egyptian government started to focus on aquaculture activities in the late 1970s. After 
constructing the Aswan high dam in 1961 and controlling the annual Nile flood, many 
previously uncultivated areas were developed in the Nile Delta. This encouraged the 
Egyptian government to implement several pilot fish culture projects. These projects 
included developing fish farms to produce table-size fish and fish hatcheries near the River 
Nile, where high quality water was available. These fish farms achieved some success 
based on culturing mullet using wild-caught seed. Average production levels at that time 
(1980-1990) were around 800 kg/ha per year based on standard pond fertilization. 
However, the fish hatcheries did not achieve the same level of success because of their 
dependence on producing carp species, which were not favoured by Egyptian consumers. 

Farmed fish production in Egypt increased steadily from about 20,000 metric tons (MT) in 
1985 to about 50,000 MT in 1990 (official statistics). During this time the main production 
species was mullet, with self-stocked tilapias being found from time to time in the 
production ponds. 

From 1988 to 1991, the technology of producing all-male tilapia developed and 
outstanding results were achieved from pilot systems for producing tilapia in semi-
intensive systems. The results from the first trial attained 3 MT/ha/per year; profits were 
huge due to high market demand for the products – Egyptians like tilapia and there was no 
need for any sort of marketing campaign or publicity. By 1991 all-male tilapia fingerlings 
were available commercially from a single hatchery in Egypt. The standard technology was 
easy to adapt, with land and water available in the north of the Nile delta. Consequently, 
many medium-scale aquaculture enterprizes were established and developed. A good 
quality supply of fingerlings was developed first, allowing the commercial growout sector 
to develop afterwards; a rationale that could be followed for aquaculture development in 
many countries in sub-Saharan Africa. People who owned land around Lake Burullus, in the 
north of the Nile delta were targeted by investors to start fish farming. During this period 
farmed fish production increased from around 50,000 MT in 1995 to just over 200,000 MT 
by 2000. The early adaptors of this technology earned very good profits. However, the 
increasing production and supply negatively affected the price over time, while production 
costs increased three-fold. Producers who were affected by low profit margins started to 
look for solutions, such as increasing production through intensification. Despite this 
situation many investors continued to enter the industry, influenced by the successes 
achieved between 1995 and 2002. 

All SARNISSA case studies will be included 
in the Aquaculture Compendium, an 
interactive encyclopaedia with worldwide 
coverage of cultured aquatic and marine 
species.  www.cabicompendium.org/ac 
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Daily farm gate price from July to December, showing decline over years 

©Ismail Radwan 

 

Early production intensification trials 

The trials to increase production per unit area of land or volume of water depended on 
providing aeration and partial replacement of water. With limited success, the maximum 
production achieved was up to 10 kg/m3 with 100% replacement of water volumes every 
day. The importance of removing solid wastes and dissolved nitrogenous excretion was not 
fully understood among fish farmers before 2006. In some instances, such as producing 
fish in irrigation reservoirs, this helped to increase production levels to 3-4 kg/m3 without 
aeration, with the removal of pond solid wastes after the fish were harvested. However, 
into the 2000s it became increasingly apparent that this successful aquaculture industry 
was going to become increasingly constrained by the increased demand and competition 
for fresh water throughout the Nile Delta. Fish farmers began to struggle increasingly with 
volumes and quality of water from the river catchment area and as a result began to 
increasingly pump water from groundwater sources. This, as in many other parts of the 
world, steadily lowered the water table and again further intensified the competition for 
fresh water for a variety of other agricultural and other uses. It was at this stage where 
Egyptian aquaculturalists and planners began to look at larger-scale RAS systems used in 
aquaculture in other parts of the world in order to mitigate these constraints for the future 
This was, in effect, how the Egyptian fish farmer who wrote this case study became 
involved with an exchange programme with the Netherlands, resulting in wholesale 
changes in his commercial farm, which is the subject of this case study. 
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Intensification trial using aeration only 

©Ismail Radwan 
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Description 

Introduction 

In 2003 the Netherlands government allocated €1.5 million to develop the aquaculture 
sector in Egypt. The fund has since been utilized through The Egyptian Agribusiness 
Association (EAGA). A number of activities were implemented, including seminars, local 
and international capacity building exercises, as well as study tours for Egyptian farmers to 
countries that are more advanced in aquaculture, such as China, Philippines ,Vietnam, 
Turkey and, of course, the Netherlands. 

 

 

Experimental intensification unit at Wageningen University 

©Ismail Radwan 

 

The author of this case study works at the Egyptian Aquaculture Center, which is a 
commercial tilapia farm that is also used regularly for demonstrations, on-farm practical 
work training, and research. The author visited the Netherlands for a two-week, short-
term capacity building programme in November 2006, during which a lecture course was 
organized at Wageningen University to provide the scientific basis necessary to help the 
trainees understand how intensive Recirculation Aquaculture Systems (RAS) work both in 
terms of smaller-scale hatcheries and larger, growout farm systems. A commercial 
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industry has been set up in Holland, which cultures the African catfish (Clarias gariepinus) 
in intensive RAS systems. The production facilities in Holland require; insulated buildings 
to maintain temperatures of 27°C, a regular electricity supply for pumps, filtration and 
heating, a commercial, pellet feed of 40+% protein, hands-on-trained staff, and a 
hatchery producing fingerlings to meet regular continuous batch stockings; and also a 
ready market for either whole, smoked or processed products. 

In addition to attending this programme, the author has had more than 30 years of 
experience in producing tilapia, Clarias and mullet in semi-intensive systems. In 1988 he 
received his MSc degree in aquaculture from Auburn University, USA. 

The cost of establishing an RAS farm in Holland was around €7 per kg production. In an 
Egyptian context, investing the same amount of money in semi-intensive aquaculture 
systems would have an immediate impact on the business’s capital assets, since land 
values increase while RAS equipment depreciates. 

One of the key technical issues in any successful aquaculture business is the correct and 
stress-free handling of fish. It was proposed that operating an RAS on the author’s farm, 
where both tilapia fingerlings and market-sized fish are produced commercially would help 
considerably in improving the handling of fish. 

This proposal was considered more attractive on consideration of a number of other factors 
applicable to the farm: 

• The full capacity of the concrete tanks (3×8×1 m) in the hatchery on the farm was 
not being used at the time because of the weak demand for fingerlings from the 
industry in Egypt. 

• EAGA’s encouragement to implement the first RAS in Egypt through the subsidized 
provision of a number of items of essential equipment (two 15 KW electric pumps 
and a 50 KW generator). 

• The availability of space around the fish tank(s) to build a trickle filter and solid 
waste removal tank. The preliminary design had been made on the assumption 
that the necessary modifications could take place during implementation and 
testing of the system. 

Methods 

Twenty-four concrete tanks (3×8×1 m) were modified to match the recirculation system 
requirements. The tanks were arranged in two rows, each row having an irrigation channel 
with a drain channel in the middle. Sufficient space was made available alongside the fish 
tanks to build a solid waste removal tank. A separate concrete pond (3×30×1 m) was used 
to form the base for a trickle filter. The solid waste removal tank was connected to a 2×2-
m-square, concrete tank where the water was then pumped to the top of the trickle-down 
filter. 

Factors that encouraged implementation of the RAS 

• The presence of a recirculation unit on-site could improve the output of all 
facilities, not least because high numbers of fish, which could be handled safely, 
could be held in concrete tanks with aeration and continuous water flows at high 
densities. 

• EAGA’s positive intervention in providing the main pumps (two 6-m3/min discharge 
pumps) and a 50-KW generator from the Netherlands fund. 

• The author’s attendance at the short training programme at Wageningen 
University. The information gained can be summarized as follows:  

o To ensure that solid wastes (uneaten feed and faeces) are removed from 
the concrete tank holding units, the total volume of water in the system 
should be pumped and recirculated at least 1.5 times every hour. 
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o Most solid waste particles are heavier than water and settle to the bottom 
in a calm environment (minimal flows and turbulence). 

o High ammonia levels in alkaline water (pH >7) increases the proportion of 
total ammonia that is in the unionized form (NH3), which is poisonous to 
fish. However, in slightly acid water the presence of unionized ammonia is 
less and the fish are less affected. 

o When the plastic filter media are densely covered with denitrification 
bacteria (which convert toxic unionized ammonia to nitrite and then to 
harmless nitrate), 1 m2 of bacteria-covered media can remove about 0.4 g 
of ammonia per day. 

o The total surface of 1 m3 of the artificial plastic filtration media (large 
surface area plastic rings) is 100-200 m2. 

o Consumption of 1 kg of the most commonly used feed is equivalent to 
release of 30-40 g ammonia into the water by the fish. This amount can be 
absorbed by the bacteria living on 75- to 100-m2 surface area of filter 
media. These figures should be used to work backwards to calculate the 
volume or number of filter media required for a given biomass of fish; 
calculating the carrying capacity of the biofilter. 

o This form of biofiltration using artificial high surface area plastic media 
works most efficiently when the water is not too acidic or alkaline; a pH of 
6-9 is optimum. Also, it should be noted that the filtration systems within 
RAS systems ideally need to be ‘seeded’ and given a 1- to 2-week time 
period to run before any fish are stocked in order to build up the bacterial 
flora for the filtration system to work effectively. 

o The conversion of 1 mg of ammonia consumes 4.43 mg of oxygen and 
results in the production of 4.43 mg nitrate and 5.97 mg carbon dioxide. 

 

Sketch showing the design of the intensification unit 

©Ismail Radwan 

Applying the above information, a number of modifications were made to the pilot facility 
to optimize performance. The modifications are summarized as follows: 

1. Inlet and outlets of the tanks were widened to accommodate and control the high water 
flows. 
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2. A 3×13×3-m concrete tank was built, taking in consideration the elevations to allow 
complete drainage of water in the fish tanks. Also, managing the water flows to minimize 
turbulence gave the solid wastes a greater opportunity to settle to the bottom, where they 
can be removed periodically by pumping or siphoning outside the system. 

3. After several trials designed to achieve the appropriate trickle-down mechanism, an 
overhead tank was built to receive the pumped water, from where the water is directed 
through two channels on either side of the filter, immediately above the filter media. The 
two channels are connected together by a 5-cm pipe, with 1-cm diameter holes drilled at 
regular intervals along the length of each pipe. This creates a steady trickle of water over 
the entire filter media. 

4. Since the appropriate form of plastic filter media was not available in Egypt, and it was 
also very expensive to import specialized plastic media from Europe or Asia, it had to be 
made manually, in situ. Plastic sheeting (2 × 20 m) was cut into small pieces (20 × 10 
cm) and tightly rolled into a cylindrical shapes. Forty of such cylinders were placed in each 
plastic box, the boxes being then mounted on top of each other. The biofilter was made up 
of 1500 such boxes, which contain 60,000 plastic cylinders. In other African countries such 
as Nigeria, improvised constructions of trickle down filters include those built using plastic 
beer or mineral drink crates, drilling their bases with hundreds of small holes and then 
stacking them one on top of another within a tower-like structure, which they actually 
make from bending corrugated plastic roofing shapes and securing them to make robust 
cylindrical structures, inside which they stack the plastic beer crates. Some then add 
further cut up plastic sheets inside the crates, or in some very enterprising cases they use 
womens plastic hair rollers which also have a high surface area to volume ratio and are 
much cheaper than buying specialized imported filtration media from Europe. 
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Trickle down filter unit – plastic media; note re-use of stacked, perforated plastic drinks 
bottle crates holding the plastic media 

©Ismail Radwan 
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Forming a unit to build a trickling filter 

©Ismail Radwan 
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Side view of trickle down filter showing adjacent covered fish tanks 

©Ismail Radwan 
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General view of trickle down filter; note pump house at this end 

©Ismail Radwan 
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Standby generator 

©Ismail Radwan 

First Trial Operation: 

The first on-farm test of the system began in April 2009: 

• Stocking: the unit consisted of 24 concrete tanks, each with a volume of 10.8 m3 
(3×8×0.45 m).  

o Each of thirteen tanks was stocked with 1000 tilapia, average weight, 250 
g. The reasons for stocking relatively large fish were the potential risks in 
running the system safely for long periods, so in case of failure, fish could 
be sold with minimum loss. 

o A further nine tanks were stocked with 1000 fish each of average weight, 
50 g. These were used to test feed from different companies by calculating 
the FCR for each feed type over time. 

o Another tank was stocked with 500 sea bass fingerlings to determine their 
performance in the system. 

o One pond was stocked with 500 fish for consumption by family and friends. 
• Feeding: a commercial 32-% crude protein, extruded pellet diet was used to feed 

all fish in the system, except for the sea bass. Fish were fed manually to appetite. 
The person feeding the fish was instructed to ensure that the ration given was 
completely consumed before being washed away by the water current towards the 
outlet. The feeding regime also helped determine if there was something wrong 
with the fish (not eating actively), in which case adjustment of the drain stand pipe 
level and increasing the flow through inlets often solved the problem. 

• Water Management: two pumps (6 m³ min-1) worked alternatively to operate the 
system. The water was pumped to the top of the trickle filter where it slowly 
flowed through the plastic media, which had been colonized by microorganisms, 
and then to the fish tank by gravity. The water then leaves the fish tanks to the 
solid waste filter by gravity. Thirty per cent (30%) of the water volume in the 
system is replaced daily, this removal of water being primarily used to clean the 
system of faeces and other suspended solids. During this cleaning process the fish 
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tanks were divided into two groups; each group of 12 ponds was drained almost 
completely, the fish being retained in approximately 1 m3 water, maintaining 
maximum available water flow. The tanks were then quickly refilled with the result 
that the fish were stressed for only a few minutes, during which, the strong 
flushing helps keep the fish calm. The same operation was repeated every third 
day. Cleaning the solid waste filter was achieved by pumping the sludge out of the 
system. Until now, this regime has proved the only way to extract the faeces and 
solid particles. Advanced mechanisms such as drum filters which are used in 
Europe are not yet available in Egypt. 

• Aeration: aeration was carried out by using a Venturi device. Electric pumps (1.5-
Kw) push water through a 5-cm-diameter, plastic pipe, to which 2.5-cm hoses 
have been fitted, each hose terminating in a Venturi device. Pushing the water 
through this device creates a stream of air bubbles that rise through the water 
column. Dissolved oxygen levels measured during the summer were found to be 8 
ppm on leaving the trickle filter and 6 ppm after leaving the fish tanks. 

 

Venturi aeration unit 

©Ismail Radwan 
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Results 

Results of the first trial; cost-benefit analyses 

Economics 

£E = Egyptian Pounds; US $1 = £E6.0 Egyptian pounds 

No. of tanks used to produce market-

size fish 
13 

Average tank production  450 kg 

Average production/m-3 (450/10.8) 41.6 kg m-3 

Total income (5860 kg × £E 11.5 kg-1) £E 67,390 (US $11,230) 

Production period 100 days 

Average food consumed per pond 307 kg 

Initial weight /fish 250 g 

Average weight gained/fish 200 g 

Feed Conversion Ratio (307/200) 1.53 
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Cost 

Food: 307 kg x £E 3.5 £E 1074 

Energy: £E 1000 / month × 3 months / 

24 tanks 
£E 125 

Labour: £E 1000 / month × 3 months 

/24 tanks 
£E 125 

Fingerlings 250 kg × £E 8 kg-1 £E 2000 

Depreciation (buildings and machinery) 68+208 = £E 276 

Assume 10 years for equipment 

(100,000 / 10 = 10000 / 24 /4) 
£E 104 

20 years for buildings (170,000/20 = 

8500 / 24 / 4) 
£E 88 

Total cost £E 3792 (US $630) 

 

Income 

Total Income £E 67,390 (US$ 11,230) 

Income / tank (67390/13) £E 5183 (US $863) 

Net profit / tank (5183–3792) £E 1391 (US $230) per tank 
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Harvesting in small concrete tanks 

©Ismail Radwan 
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Harvesting tilapia – note concrete tanks can be covered by poly tunnel in colder, winter 
weather 

©Ismail Radwan 
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Harvesting tilapia weighed into crates, then iced and sent by pick-up truck to Cairo, 1 h 
from the farm. Each truck will take upwards of 1 MT 

©Ismail Radwan 
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Harvesting; note construction of square, concrete tanks, and access 

©Ismail Radwan 

 

Potential for this system 

• Immediate use at other sites. 
• Possibility for standardization and dissemination through commercial enterprizes. 
• Compromize between fisheries and irrigation authorities is needed. The system 

described considerably reduces water usage 
• Other benefits:  

o Knowledge and experience. 
o Additional equipment at the professional site. 
o Effective support. 
o Possibility of rearing more valuable species such as sea bass and eels. 

Conclusions 

The farm management is now focused on improving and refining this RAS technique for 
the farm’s and local conditions. The knowledge and experience gained to date from 
harvesting three crops from the pilot RAS unit will help us in piloting another technique 
using a more efficient ‘Fluidized Floating Bead Filter’, which enables an even larger surface 
area of substrate for microbial colonization and, therefore, more effective bio-filtration, 
less solid waste removal and negating the requirement for flushing out water every three 
days. The new facilities are presently under construction and, if they prove to be as 
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efficient as the trickle down filter, it will help raise the target production of the site from 80 
MT to 120 MT per year. 

It should also be noted that over the past 5-10 years, similar RAS-based concrete tank 
production systems for Clarias gariepinus (African catfish) have been developed 
successfully in peri-urban areas in Nigeria, again, often using or adapting the original 
Dutch technologies. Clarias sp., due to their physiology and biology can be stocked at 
much higher stocking densities in these systems compared to that of tilapia and, thus, for 
many Nigerians are a more profitable choice as a species for culture. However, this should 
be qualified by stating that Nigerians particularly enjoy eating catfish, either fresh or 
smoked, and also, being Africa’s most populous, country have a massive market demand 
for this product. It is interesting to note that in more recent years, these Dutch-based RAS 
systems are being developed in countries such as Benin and Kenya solely for producing 
Clarias fingerlings. Again, in economic terms, it can make sense if these sites are well run 
with good broodstock, since, compared with growout systems, lower volumes of water are 
required, considerably less feed (every farm’s biggest cost) and with good management 
and continuous batch production, juveniles and fingerlings can be sold every week of the 
year, allowing a much higher cash flow. Time will tell for the future of such RAS systems in 
sub-Saharan Africa. Energy/electricity costs are increasing, whilst in certain African 
countries the irregularity of electricity supply still makes such RAS systems unfeasible. 
Research and commercial interests in Europe, USA and Asia are increasingly becoming 
involved in developing alternative energy sources for different aquaculture systems, such 
as Spain’s first aquaculture research centre powered by solar energy 
http://www.fis.com/fis/worldnews/worldnews.asp?monthyear&day=21&id=43762&l=e&sp
ecial&ndb=1+target%3D. It is likely that, by necessity, with rising energy costs, this sort 
of research is only likely to increase. Solar energy has great potential for sub-Saharan 
African aquaculture. 

Finally, it is also worth mentioning the tends of increased use of RAS systems on larger-
scale, pond-based production systems for both shrimp in South Asia and in Europe for 
land-based, commercial trout farms in Denmark, Sweden, and other countries. Both of 
these trends developed due to biosecurity concerns, the severe economic consequences of 
disease and the necessity for preventing transmission of diseases from site to adjacent 
site. The scale and volumes of water involved are far higher than this Egyptian example 
and, again, it is not yet clear whether such larger-scale RAS farms can be economically 
viable. However, this emphasizes that as aquaculture production systems are intensifying 
globally in order to increase food production per m³ of our ever more sought after 
freshwater resources, aquatic animal disease and its management becomes increasingly 
important. RAS offers, for many, the best and most effective production system for 
minimizing risks of disease transmission and also maximizing the use of dwindling 
freshwater resources. However, the appropriate renewable energy sources and 
technologies need to be developed to give the use of RAS systems long-term, economic 
viability. 

http://www.fis.com/fis/worldnews/worldnews.asp?monthyear&day=21&id=43762&l=e&special&ndb=1+target%3D
http://www.fis.com/fis/worldnews/worldnews.asp?monthyear&day=21&id=43762&l=e&special&ndb=1+target%3D
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New Recirculation Aquaculture System (RAS); concrete tanks under construction 

©Ismail Radwan 
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