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A TECHNO-FINANCIAL ANALYSIS OF TILAPIA
PRODUCTION IN THE RECIRCULATING
AQUACULTURE SYSTEMS
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ABSTRACT
The extensive fish farming in Egypt is mainly dependent on drainage
water of agriculture, where pollution is most probably occurs. By law the
Ministry of Public Affairs does permit raising fish on fresh water.
Moreover, extensive fish farming in Egypt means tremendous losses in
both land and water. To produce one kg of fish needs around 2 m® of
land and 5 m® of water. The most feasible solution to overcome such
problems is to develop a semi-intensive fish farming.
A techno financial analysis of tilapia production was conducted using a
recirculating aquaculture system facility, situated at the Banha
University, Agriculture College. Tilapia (1.0g), were stocked in the
tanks; temperature and water quality parameters were carefully
managed until the fish reached the harvestable size (500g) after 180days.
The survival rate and feed conversion ratio (FCR) were 90% and 1.5
respectively.
The results showed that, the operational cost involving the system
production was suited and economically viable.
Breakeven price above variable cost, breakeven price above fixed cost
and breakeven yield estimated were L.E. 7.96, L.E. 9.33and 155,495kg
respectively. The sensitivity analysis revealed that, increasing in the fixed
cost by +10% decreased the internal return rate (IRR) from34% t023%.
Also, decreasing the revenue by -10% decreased internal return rate
(IRR) from 34% to 22%. While, change both increasing in the fixed cost
by +10% and decreasing the revenue by -10% at the same time
decreased internal return rate (IRR) from 34% to 11%.
Key words: Tilapia, recirculating system, Aquaculture, sensitivity
analysis, breakeven yield, breakeven cost, economic analysis.
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1.0 INTRODUCTION

quaculture is one of the fastest growing sectors of food
Aproduction in the world. Cultured species such as tilapia,

catfish, salmon, trout, oysters and clams are high in demand and
the profit level is very high. The boom in this industry can be attributed
to the growing demand for a healthy, tasty and affordable food as well as
the sharp decline in wild fish populations as a result of overharvest and
water pollution (Helfrich & Libey, 1990). The rampant pollution of fresh
water resources has also necessitated the need for the culturing of fish in
waters free from contamination. Recirculating aquaculture system (RAS)
technology has been found to provide away in solving this problem. This
Is a technology designed for holding and growing a wide variety of
aquatic species and defined as production units which recycle water by
passing it through filters to remove metabolic and other waste products
(Kazmierczak & Caffey, 1995).
In 2008, commercial aquaculture production was about 2.8 million
tonnes with a corresponding estimated value of $3.7 billion. The
production was forecasted to reach 3.7 million tonnes by the end of 2010
(FAO, 2009; FAO GLOBEFISH, 2011a). By 2015, world production is
expected to reach between 4.6 million tonnes and 5 million tonnes (FAO,
2010).
The systems can be designed to cater for different capacities and
efficiencies. In comparison to the traditional aquaculture practices, RAS
offers more independence from the external environment (i.e. increased
levels of control) which provides a basis for improved risk management
(Rawlinson, 2002). Majority of the worlds tilapia productions are done
using the pond systems, however, in the temperate regions, RAS is
employed in the production due to the cold climatic conditions. This
makes the production cost higher since huge capital is expended on the
RAS construction and the running of other production mechanisms such
as heating, pumping and filtering of the water (Alceste & Jory, 2002). A
lot of countries are now using RAS in fish production; however,
production level is very low compared to other forms of fish culture
(Martins et al., 2010). The construction and operation of these facilities
require high capital injection and this sometimes serves as disincentive to
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prospective investors (Schneider etal., 2006). To make up for this, high
stocking densities are required in the productions to be able to cover the
investment costs and generate profit. However, the need for high
stocking densities also comes with some welfare challenges (Martins et
al., 2005). Aquaculture production using RAS has been the focus of
research and developmental efforts of many groups for decades.
Recirculation aquaculture systems (RAS) are new and a unique way to
culture fish. In place of the old conventional methods of growing fish,
RAS offers a means to rear fish in indoor tanks where the environment
can be controlled. The system filters and cleans the water for recycling
back through fish culture tanks (Helfrich&Libey, 1990). In RAS, more
than 90% of the water is re circulated through a series of biological and
mechanical filtration systems so that only a fraction of the water is
consumed (Rawlinson & Foster, 2000). “New” water is added to the
tanks only to make up for losses through splash outs; evaporation and for
those that is used to flush out waste materials. Fish cultured using this
technology must be provided with a congenial environment and
conditions suitable for growth and to remain healthy. Clean water,
dissolved oxygen, and optimal temperatures are required to ensure better
growth. These are achieved by the filtration system, aerators and heaters
incorporated in the technology design. The filtration system purifies the
water and removes or detoxifies products harmful to the culturing media
and species. Organic particles from faeces and uneaten feed are removed
by the mechanical particle filters, whereas the poisonous metabolic waste
products TAN and NO2 (total ammonium nitrogen and nitrite) are
oxidized to less toxic compounds (NO3) in nitrification filters. These
filters are sometimes referred to as aerobic biofilters or nitrification
filters. In the construction of the RAS facility, proper sizing of all system
components is very important. When the RAS plant is oversized for its
application, the system would function but the cost of running the facility
would be high. Undersized RAS, on the other hand, would not be able to
maintain proper environment to sustain fish production.

RAS offer various advantages ranging from reduction water consumption
(Verdegem et al., 2006 in Martins et al., 2010), to the provision of
improved opportunities for waste management and nutrient recycling
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(Piedrahita, 2003 in Martins et al., 2010). The systems environment can
be controlled to achieve better hygiene and disease management (e.g.
summer felt et al., 2009 in Martins et al., 2010). It offers a near complete
environmental control to maximize fish growth year-round, and the
flexibility to locate production facilities near large markets(Masser et al.,
1999; Schneider et al., 2010) to deliver a fresher, safer product and lower
transport cost (Timmons et al., 2001). In terms of product security RAS
offers a high degree of product traceability (Smith, 1996; Jahncke&
Schwarz, 2000) and biological pollution control (no escapees, Zohar et
al., 2005 in Martins, et al., 2010).

They may be used as grow-out systems to produce food fish or as
hatcheries to produce eggs and fingerling, for stocking and ornamental
fish for home aquariums (Helfrich & Libey 1990).

The objectives of this study were estimate the operational cost involved
and from this, estimate the breakeven cost, (1) identify and describe the
constraints unique to the recirculating aquaculture systems (RAS), (2) to
perform financial feasibility of a scale-up production, and (3) to conduct
sensitivity analysis to highlight their effect on profitability

2. Analysis Procedures.

2.1. System description:

There is no single recommended design for growing fish in an RAS. In
general, a system includes tanks to culture fish, pumps to maintain water
flow, and some form of water treatment to maintain water quality.
Following are a few considerations on system design and how design can
affect profitability. For a more complete explanation of component
options and management issues, see Ali, 2006.

The data used for this publication are taken from experiences at El-
Nenaiea Fish Farm (Ali, et al., 2006) and Banha University, Faculty of
Agriculture, Fish Farm Project.

The system consists of a quarantine tank, two nursery tank, and eight
grow out tanks. The system represented in this example consists of
eleven tanks: one 6.0 cubic meter quarantine tank (Q); two 15.0 cubic
meter nursery tanks (N1 and N2), and eight100.0 cubic meter grow-out
tanks. The quarantine and nursery tanks have their own water filtration
systems, while each set of four grow out tanks shares a water treatment
system.
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Fish are initially stocked in the Q tank, grown and screened for diseases
for 30 days, then harvested, divided into equal numbers, and restocked
into the two N tanks. After 30 days of growth, the fish are transferred
from one N tank into one of the eight G tanks, where they are grown an
additional 120 days until harvest. This 120-day period is divided into
four distinct production stages of 30 days each (defined as GS1, GS2,
GS3, and GS4 in figure 1). Each of these stages has a different feed rate,
oxygen demand, and water flow requirement. (An alternative to this
configuration would be to move the fish into a different tank for each of
the 30-day periods.) It is important to note that the model reflects four
stages of growth in the grow out tank phase, so that changing production
costs can be accommodated within the spreadsheet. This should not be
confused with the need to have a total of eight grow out tanks in order to
meet required production volumes for cash flow. Additionally, your total
number of days to harvest may differ with species, culture temperature,
and final average harvest size.

Once system is fully stocked, one of the eight G tanks is harvested for
sale every 30 days. The system has a maximum culture density of 83.55
kg m? of water in each grow out tank, and each harvest yields
approximately 8355 kg of fish. Depending on design specifications, the
maximum culture density may be different. The author of this publication
designs systems not to exceed a maximum culture density of
approximately 80-85kg m~of water. With 12 harvests annually (one
every 30 days once the facility is fully stocked), total production for the
facility is approximately 200,000 kg per year.
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Figure 1. Diagram of fish flow through system.
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2.2 Production model for estimations
2.2.1 Biological Model

These tools were used to estimate incomes and production; growth and
mortality. The simplest tool to use is the formulas for biomass, B;, and
biomass value, Vi:

Bt = Nt X Wt (l)

Where, N;is the number of fish at time t, and W, is the weight of the fish
at time t. The sales output (value of the fish) from the production is
calculated by multiplying price with quantity:

Vt:PWXBt (2)

Where V. is the biomass value and P,, is the price pr. kg of fish. The kg
price is assumed to increase as the weight of the fish increases P,> 0).
This formula does not take into consideration the effect of seasonal
variations on the price of fish (Bjerndal 1987).

Feed Conversion Ratio (FCR): is considered an important biological
production parameter to consider, and could be calculated from the
following equation (Einen&Roem, 1997):

FB )
BM, — BM; — FT
Where FCR is kg consumed feed per kg growth, FB consumed feed in

kg, BM, is biomass at harvest, BM, is start biomass, or biomass at
stocking, and FT is fish lost to mortality.

2.2.2 Financial Analysis.
2.2.2.1 Net income.

The net income of the production can be estimated using the following
formula:

FCR =

Net income = Total revenue — Total production cost 4

Variable costs are those directly related to production; energy,
bicarbonate, fingerlings, chemicals, maintenance and labor. According to
Hoff, (1998), Variable unit costs, represent the cost involved to produce a
kg of the produce and it’s given by the formula:

Total Variable costs (5)
Harvested Biomass

Variable unit (kg)cost =
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Marginal Contribution:

The marginal contribution is the amount of money needed to cover the
fixed costs and an eventual profit.

Marginal Contribution (6)
= Operational income — Variable costs

The marginal contribution per unit represents the profit per unit sale. It is
a useful quantity in carrying out various calculations, and can be used as
a measure of production leverage.

The marginal contribution per unit (C) in kg is given by unit revenue
(Price, P) minus unit variable Cost (V):

C=P-V )

The Contribution Margin Ratio is the percentage of Contribution over
Total Revenue, which can be calculated from the unit contribution over
unit price or total contribution over Total Revenue:

cC P-V _ Total marginal contribution

—x 100 = x 100
P P Total revenue

Marginal contribution in kg: This gives the kg required to cover the
operational costs and profit equals zero.

(8)

Marginal Contribution (kg) 9
Marginal Contribution (L.E.)

~ Cost per (kg) production (L.E.)

2.2.2.2 Breakeven analysis

Breakeven analysis informs producers about the price they need to
receive for their product in order to cover all costs of production. It also
indicate to the producer, the kilogram of fish, and price for the fish
needed to cover the variable, fixed, and total costs of production.

The breakeven cost/price is the price at which the product must be sold in
order for profit to be zero. It is also the sales level at which the accruing
revenue is exactly equal to the cost of making the output.

Total cost of production

. o 10
reakeven point Produced quantity (kg) o

The breakeven per unit yield represents the number of units, or kilograms
needed to be sold in order to break even.
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] ) Total cost of production
Breakeven point /unit kg = Unit price per kg (11)

2.2.2.3 Sensitivity Analysis.

Sensitivity analysis was conducted to test the effect of some variables on
the profitability of the production and to know the areas where an
improvement in performance may have a positive impact on the
economic performance of the RAS (Losordo & Westerman, 1994). The
simplest form of sensitivity analysis (one-way sensitivity analysis) was
employed. This was done by varying one variable by a (+/-) percentage
and the impact on the financial performance of the production was
examined. The analysis was then repeated for the other variables identified
in the operational costs.

The identified cost variables were varied by +/- 10% since such
variations usually occur in commercial productions (De lonnoet al.,
2006).

2.3. Financial Evaluation.

An Excel program was developed and used to estimate initial investment,
operating costs, and annual returns for the system under study.
Production costs and sale price are based on the experiences over the past
14 years at EI-Nenaeia fish farm.

2.3.1. Initial Investment.

The initial investment (Table 1) includes the total value of a land and
effluent pond, building, equipment, construction labor, annual
depreciation on building and equipment and interest rate on operating
capital.

Table (1): Initial Investment

Initial investment
Land L.E. 120,000.00
Effluent pond L.E. 60,000.00
Equipment L.E.1,300,000.00
Building L.E. 550,000.00
Construction labor and overhead L.E. 100,000.00
Total initial investment L.E.2,130,000.00
Annual depreciation on building L.E. 171,500.00
Interest rate on operating capital | 9%
Interest rate on building and equipment 10%
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2.3.2. Operating costs and returns.
Table (2),includes the variable costs, fixed costs, sale price, system
parameters, water volume (m?®), size harvested, survival rate, survival rate
and feed cost per kg. It is to be mentioned that, these parameters (tables 1
and 2) are calculated in tables (5 and 6) as set in the program.
Table (2): Operating costs system parameters.

Item Unit or Description Value
Variable Costs:
Liquid oxygen L.E. per cubic meter -
Energy L.E. per kW h 0.20
Bicarbonate L.E. per kg 3.00
Fingerlings L.E. per fingerling 0.12
Chemicals L.E. per cycle 720.00
Maintenance L.E. per month 3,800.00
Labor: management L.E. per month 6,000.00
Labor: transfer & harvest L.E. per hour 50.00
Fixed Costs:
Liquid oxygen tank rental L.E. per month -
Electrical demand charge L.E. per month -
Building overhead L.E. per month 900.00
Average overall sale price L.E. per kg 12.00
System Parameters
Annual production kg 200,000
Average size at harvest kg 0.5
Number of production units number 11
Days per production unit days 30.5
kW h per kg of production kWh kg™ 3.00
System volts volts 230
Transfer/harvest labor hours per cycle 64

3. Economical Results.

Data in tables 1, 2 and 3 are used to calculate the information were
presented in tables 4, 5 and 6. Data in tables 4, 5 and 6 show the
operational parameters of the system.
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tem Quarantine Nursery Nursery Growout Growout Growout Growout Growout Growout Growout Growout Average
Stage Tank 1 Tank 2 Tank 1 Tank 2 Tank 3 Tank 4 Tank 5 Tank 6 Tank 7 Tank 8
Water volume, m3 6 15 15 100 100 100 100 100 100 100 100
Size stocked 1 15 15 60 60 135 135 250 250 385 385
Size harvested 15 60 60 135 135 250 250 385 385 500 500
Survival rate 0.95 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.90
Feed cost, per kg 5.50 4.50 4.50 3.80 3.80 3.80 3.80 3.80 3.80 3.80 3.80
Feed conversion 1.00 1.10 1.10 1.30 1.30 1.60 1.60 1.60 1.60 1.60 1.60 1.50
Table (4): Inputs per production unit.
Input Use Qupamive | turery | ey | o | et | o | ot | G | oot | oo | S|ty |7
Beginning number of 36,997 | 17,574 | 17,574 17,397 17,397 17,223 17,223 17,050 17,050 16,879 16,879 36,997 | 442,752
‘ICE;:(“ling number of fish 35,147 | 17,397 | 17,397 17,223 17,223 17,050 17,050 16,879 16,879 16,710 16,710 35,147 | 420,612
Beginning biomass, kg 37 264 264 1,044 1,044 2,325 2,325 4,263 4,263 6,498 6,498 37 443
Ending biomass, kg 527 1,044 1,044 2,325 2,325 4,263 4,263 6,498 6,498 8,355 8,355 16,710 | 199,972
Maximum standing 87.87 69.59 69.59 23.25 23.25 42.63 42.63 64.98 64.98 83.55 83.55 | --- -
;eed useclj’ﬂkaﬂ- 490 858 858 1,666 1,666 3,100 3,100 3,577 3,577 2,971 2,971 24,834 | 297,190
kW h used 1,471 2,341 2,341 3,844 3,844 5,812 5,812 6,708 6,708 5,570 5,570 50,019 | 598,588
Oxygen used, m* 182 319 319 618 618 1,150 1,150 1,328 1,328 1,102 1,102 2,055 24,597
Bicarbonate used, kg 19 33 33 65 65 121 121 140 140 116 116 969 11,590
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Total per
Quarantine Nursery Nursery Growout Growout Growout Growout Growout Growout Growout Growout
Input Use harvested | Annual Total
Tank Tank 1 Tank 2 Tank 1 Tank 2 Tank 3 Tank 4 Tank 5 Tank 6 Tank 7 Tank 8
cohort
i . 4,440 4,440 53,130
Fingerlings
Feed 2,696 3,862 3,862 6,330 6,330 | 11,779 | 11,779 | 13,594 | 13,594 | 11,288 | 11,288 | 96,403 | 1,153,674
Energy 294 468 468 769 769 1,162 1,162 1,342 1,342 1,114 1,114 10,004 119,718
0 0 0 0 0 0 0 0 0 0 0 0 0
Oxygen
. 57 100 100 195 195 363 363 419 419 348 348 2,906 34,771
Bicarbonate
Total of above costsfor | 7487 | 4431 | 4431 | 7,293 | 7,293 | 13,304 | 13,304 | 15354 | 15354 | 12,750 | 12,750 | 113,752 | 1,361,293
this production unit
Cumulative cost for 7,487 8,174 | 8,174 | 15467 | 15467 | 15467 | 15467 | 15467 | 15467 | 15467 | 15467 | 147,575 | 1,766,067
cycle
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Items Unit cost/unit quantity/ harvest LE L.E. /year L.E per % of
cycle /harvest kg of fish total
Variable Cost -
fingerlings each 0.12 36,997.07 4,439.65 53,130.23 0.27 2.85%
feed kg 3.88 24,833.69 96,402.92 | 1,153,674.24 5.77 61.83%
energy kWh 0.20 50,019.01 10,003.80 119,717.63 0.60 6.42%
oxygen Cubic meter 0.00 92.17 0.00 0.00 0.00 0.00%
bicarbonate kg 3.00 968.51 2,905.54 34,771.24 0.17 1.86%
chemicals L.E. /harvest cycle 721.97 1.00 721.97 8,640.00 0.04 0.46%
maintenance L.E. /harvest cycle 3,810.41 1.00 3,810.41 45,600.00 0.23 2.44%
labor: management L.E. /harvest cycle 6,016.44 1.00 6,016.44 72,000.00 0.36 3.86%
labor: transfer & harvest L.E. /harvest cycle 50.00 64.00 3,200.00 38,295.08 0.19 2.05%
interest on variable costs L.E. 0.09 65,970.19 5,457.45 65,310.49 0.33 3.50%
Subtotal, Variable Cost 132,958.18 | 1,591,138.90 7.96 85.27%
Fixed ]Cost
oxygen tank rental L.E. 0.00 0.00 0.00 0.00%
electrical demand charge L.E. 0.00 0.00 0.00 0.00%
building overhead L.E. 902.47 10,800.00 0.05 0.58%
interest on bldg. & equip. L.E. 7,729.45 92,500.00 0.46 4.96%
depreciation on bldg. & equip. L.E. 14,330.82 171,500.00 0.86 9.19%
Subtotal, Fixed Cost 22,962.74 274,800.00 1.37 14.73%
Total é:osts 155,920.92 | 1,865,938.90 9.33 100%
Returr;s above Variable Costs 67,561.82 808,526.67 4.04
Returns above Total Costs 44,599.08 533,726.67 2.67
Breakz]even point price L.E./kg ( above Variable Costs) 7.96
Breakeven point price L.E./kg ( above Total Costs) 9.33
Breakeven point unit kg /year | 155494.91
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3.1 Total costs, returns and breakeven point.

From table (6) the total cost per kg produced, per cycle and per year were
9.33, 155,921 and 1,865,939 L.E., respectively. Returns above variable
costs were 4.04, 67,562 and 808,527 L.E. and above total costs were
2.67, 44,599 and 533,727 L.E. for the same previous order, respectively.
Breakeven point price over variable and fixed cost and breakeven point
unit were 7.96 L.E kg', 9.33 L.E. kg’ and 155,495 kgyear™,
respectively. These results show the economic feasibility of the system.

3.2 Outcomes/Incomes.
Table (7) shows the percentage of outcome to income, which was 1.24.

Table (7) Percentage of outcomes to incomes.

v Outcome Cash | Income Cash Net Present Value (NPV) at 10%
ear Flow Flow Income Outcome
1 2,453,183.00 200,000.00 2,230,166.36 181,818.18
2 1,591,138.90 |  2,399,665.57 |  1,314,990.83 1,983,194.69
3 1,591,138.90 2,399,665.57 1,195,446.21 1,802,904.26
4 1,591,138.90 2,399,665.57 1,086,769.28 1,639,003.88
5 1,591,138.90 2,399,665.57 987,972.07 1,490,003.52
6 1,591,138.90 2,399,665.57 898,156.43 1,354,548.66
7 1,591,138.90 2,399,665.57 816,505.84 1,231,407.87
8 1,591,138.90 2,399,665.57 742,278.04 1,119,461.70
9 1,591,138.90 2,399,665.57 674,798.22 1,017,692.45
10 1,591,138.90 3,229,665.57 613,452.93 1,245,175.89
10,560,536.20 13,065,211.10
Outcome/Income 1.24

3.3 Internal Return Rate (IRR).
Table (8) shows the internal return rate (IRR), which was 34%.

3.4 Payback Period.
Table (9) shows that the payback period is 3.79 years.

3.5 Sensitivity Analysis
A variation of +/-10% was used to analyze the capital variables and
revenues, respectively. Table (10) shows the effect of increasing in the
outcome cash flow by +10% on internal return rate (IRR), which was
23%.Table (11) shows the effect of decreasing income cash flow by -
10% on internal return rate (IRR), which was 22%. Table (12) shows the
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effect of increasing outcome cash flow and decreasing income cash flow
about +10%, which was 11%.

Table (8) Internal Return Rate (IRR).

Year Outcome Cash Flow Income Cash Flow Net Cash Flow
1 2,453,183.00 200,000.00 -2,253,183.00
2 1,591,138.90 2,399,665.57 808,526.67
3 1,591,138.90 2,399,665.57 808,526.67
4 1,591,138.90 2,399,665.57 808,526.67
5 1,591,138.90 2,399,665.57 808,526.67
6 1,591,138.90 2,399,665.57 808,526.67
7 1,591,138.90 2,399,665.57 808,526.67
8 1,591,138.90 2,399,665.57 808,526.67
9 1,591,138.90 2,399,665.57 808,526.67
10 1,591,138.90 3,229,665.57 1,638,526.67
IRR 0.34

Table (9) Payback Period.

Year Yearly Revenue Accumulation
Revenue
1 -2,253,183 (2¢253,183)
2 808,527 (1<444,656)
3 808,527 (+636,130)
4 808,527 172,397
5 808,527 <980,924
6 808,527 1.789,450
7 808,527 2:597,977
8 808,527 3:406,504
9 808,527 4¢215,030
10 1,638,527 5.853,557

Table (10):Effect of increasing in the outcome cash flow by +10% on
internal return rate (IRR).

Year Outcome Cash Flow+10% Income Cash Flow Net Cash Flow
1 2,698,501.30 200,000.00 -2,498,501.30
2 1,750,252.79 2,399,665.57 649,412.78
3 1,750,252.79 2,399,665.57 649,412.78
4 1,750,252.79 2,399,665.57 649,412.78
5 1,750,252.79 2,399,665.57 649,412.78
6 1,750,252.79 2,399,665.57 649,412.78
7 1,750,252.79 2,399,665.57 649,412.78
8 1,750,252.79 2,399,665.57 649,412.78
9 1,750,252.79 2,399,665.57 649,412.78
10 1,750,252.79 3,229,665.57 1,479,412.78

IRR 0.23
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return rate (IRR).

Year Outcome Cash Income Cash Flow-10% Net Cash
1 2,453,183.00 180,000.00 -2,273,183.00
2 1,591,138.90 2,159,699.02 568,560.12
3 1,591,138.90 2,159,699.02 568,560.12
4 1,591,138.90 2,159,699.02 568,560.12
5 1,591,138.90 2,159,699.02 568,560.12
6 1,591,138.90 2,159,699.02 568,560.12
7 1,591,138.90 2,159,699.02 568,560.12
8 1,591,138.90 2,159,699.02 568,560.12
9 1,591,138.90 2,159,699.02 568,560.12
10 1,591,138.90 2,906,699.02 1,315,560.12
IRR 0.22

Table (12):Effect of increasing outcome cash flow and decreasing
income cash flow about +10% on internal return rate (IRR).

Year | Outcome Cash Flow+10% | Income Cash Flow-10% | Net Cash Flow
1 2,698,501.30 180,000.00 -2,518,501.30
2 1,750,252.79 2,159,699.02 409,446.23
3 1,750,252.79 2,159,699.02 409,446.23
4 1,750,252.79 2,159,699.02 409,446.23
5 1,750,252.79 2,159,699.02 409,446.23
6 1,750,252.79 2,159,699.02 409,446.23
7 1,750,252.79 2,159,699.02 409,446.23
8 1,750,252.79 2,159,699.02 409,446.23
9 1,750,252.79 2,159,699.02 409,446.23
10 1,750,252.79 2,906,699.02 1,156,446.23

IRR 0.11
CONCLUSION

According to the obtained results, it could be concluded that to produce
one kg of fish, it would cost 9.33 LE, while will profit 2.67 LE which
represents 28.6%. The results should that, above variable and total cost
were 4.04 LE and 2.67 LE, respectively. Incomes/outcomes was 1.24,
IRR recorded 0.34. The payback period was 3.79 years. The results
showed that, the operational cost involving the system production was

suited and economically viable.
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