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ABSTRACT

This study aimed to investigate the cost and benefit as well as other economic analysis of
Nile tilapia culture in the biofloc system. The data derived from the selected study area where
was the initial farm rearing in biofloc system in Chiang Mai province, Thailand. The study
revealed that the 50 fingerings m= were released in sphere-shape polyethylene ponds (9 m of
diameter x 1.20 m height), and raised for 5 months to reach the harvest size (500-600 g). The
fish yield was about 1,500 kg/pond or 25 kg m. Total production cost was 101,988 Baht,
divided into total fixed cost 13,656 Baht/pond (13.39%) and total variable cost 88,333
Baht/pond (86.61%). Fish feed cost was the highest at price (58.34%). The fish price was
determined at 85 Baht/kg, 15% increasing from Nile tilapia common culture. Because they
were cultured in the chemical and antibiotic-free system that produced the income to 121,125
Baht/pond and would receive net profit at 19,137 Baht/pond on average from 1,425 kg/pond
with 95% of survival rate. Total income was 484,500 Baht/crop and total net profit was
76,549 Baht/crop. In other words, the net profit per kg was 13 Baht. The benefit and cost
ratio (B/C ratio) was 1.19, and the net present value (NPV) assessment was 1.43 million Baht,
which means worthiness to invest. The expected returns of this project or Internal rate of
return; IRR was 45%, which was a greater ratio than the minimum expected returns (15% of
the interest rate of return calculation). The payback period was 7.14 years, which indicated
that the investors had to run this business for 7 years and one and a half months to recover
their investment money. Consequently, the business has a favorable prospect, and the biofloc
system for the culture of tilapia is applicable for fish farmers.

1. Introduction

Nile tilapia is an important aquatic animal species in terms of
economic and domestic consumption in Thailand and has been
widely cultured over 40 years. Thailand is one of the top 10 global
tilapia producers that has contributed production to the world. In
the year 2018, 8,344.20 Tonnes of Nile tilapia and its processed
products were exported, accounting for 299.70 million Baht or 9.67
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million USD (Noorit, 2018). There are many patterns of Nile tilapia
culture, such as in an earthen pond, cage, or concrete pond. Each
pattern has been evolved in order to develop and tried to solve the
former patterns. For example, intensive culture was developed
because more production per area is needed. However, a high
density of cultured organisms could create various problems; for
instance, waste treatment, environmental degradation, fish stress
and health must take into consideration. Also, fish diseases spread
quickly. As a result, the sustainable Biofloc technology was created
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to solve this problem by improving water quality through the
addition of extra carbon to the aquaculture system, through an
external carbon source or elevated carbon content of the feed (Crab
et al., 2012). Biofloc technology is based on pond management
using minimal water exchange and subsequent development of
dense microbial populations.

The microbes are managed through the adjustment of the
carbon:nitrogen (C:N) ratio to control inorganic nitrogen
concentrations in the water (Avnimelech, 2011). The biofloc
system was considered a sustainable and environmentally friendly
aquaculture system since nutrients could be continuously recycled
and reused. The biofloc has two major roles, including the
maintenance of water quality by uptaking of nitrogen compounds
generating “in situ” microbial protein and the increased culture
feasibility by reducing feed conversion ratio or a decreasing of feed
costs (Emerenciano et al., 2013). Nowadays, biofloc technology in
aquaculture in Thailand has not been used widely, only found in
some commercial shrimp farms because some other farmers have
not been assured in the effectiveness of the microorganism
uptaking mechanism (Kaenthong, 2019).

The selected study site name “King Fish Group” located in San
Pa Tong District, Chiang Mai province, was the initial fish farm in
Thailand, which has applied biofloc technology to Nile Tilapia
culture since 2015. The farm owner intended to develop Nile
Tilapia culture toward premium graded fish for exports, especially
cultured in the organic system. Moreover, they aimed to be the role
model fish farming with biofloc technology. This study purposed
to investigate the cost and benefit, also other economic analyses
such as payback period, net present value and internal rate of
returns. The results of this could be used as a guideline for farmers
or investors who were interested in this tilapia production business.

2. Methodology

The methodology adopted in this study is illustrated in Fig. 1.
This study performed the cost and benefit analysis of Nile tilapia
culture using biofloc technology, the environmentally-friendly
system at “King Fish Group” fish farm.

Study Area Selection
“King Fish Group” fish farm

Secondary data
(relevant available literature )

Primary data
(by field interview)

Data analysis
Cost and benefit analysis

Total fixed cost (TFC)

Total variable cost (TVC) Investment Assessment:

Payback period (PB)
Non cash cost

Cash cost Net present value (NPV)
Depreciating cost Internal rate of return (IRR)
(by straight line method)

Business Development Strategy for
Fish Farmers

Fig. 1. A flowchart of the methodology.
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The farm was located in Tungtom subdistrict, San Pa Tong
District, Chiang Mai Province, Thailand. This farm has run the
business on fish culture for many years and was the initial farm
which has been applied the biofloc technology into their fish
culture.

This study was done based on data and information on
aquaculture management and production from the “King Fish
Group” fish farm in Tungtom subdistrict study area, San Pa Tong
District, Chiang Mai Province, Thailand. The primary data
collection process was structured by an interview survey from a
purposive-selection study area that was undertaken in this study.
Therefore, data collected comprising primary and secondary data.
Primary data obtained from farm owners by interview and
questionnaires as well as direct observation related to the culture
system, tilapia production, operational cost, profit, distribution and
marketing. However, secondary data in the forms of the annual
report, literature review from textbooks, academic papers and the
statistics and other document related. Furthermore, the secondary
data procedure obtained from the also were used. In addition, the
fisheries office, through its extension staff, offer support to ensure
that all the farmers follow similar aquaculture production practices
throughout the region.

Cost and benefit investigation method was adopted from
Charoenjiratrakul (1994)’s cost and benefit analysis method.
Several essential factors were studied including total fixed cost
(TFC), total variable cost (TVC). Besides the cost was divided into
non cash cost, cash cost and the depreciating cost was calculated as
straight line method. Moreover, the investment assessment was
estimated. It including payback period (PB), net present value
(NPV) and the internal rate of return (IRR) was analyzed.

3. Results and Discussion
3.1. Nile tilapia culture in biofloc system in the study area

From the interview, we found that there were 13 ponds in the
1.20 hectares (or 11,200 m? or 7 Rai in Thai measurement) area of
this farm, including the 9 large sphere-shaped Polyethylene ponds
(15 m of diameter x 1.20 m.) and 4 small sphere-shaped
Polyethylene ponds (9 m of diameter x 1.20 m). Only 4 small ponds
were raised for this study. The stocking density was 50 fingerlings
m3, the initial size of fish (100 g/fingerling) were stocked and
raised for 5 months to the market size about 500-600 g. The
production from a big pond was about 6,000-7,000 kg and was
1,500 kg for a small pond. This fish production was sold in two
ways, including; at the gate-pond (30%) and at the market (70%)
in Lamphun and Chiang Mai provinces at a price 70 and 75
Baht/kg, respectively.

However, in this study, the organic culture system was applied
to investigate how adequate and worthiness of this pattern to
produce the premium grade of Nile tilapia for exports and domestic
consumption for the consumers who realize in their health and
desire good, safety, and non-toxic products. The result stated that
there was a struggle in the process from good aquaculture practice
(GAP) towards organic standard certified to follow the Organic
Agriculture Certification Thailand (ACT), which gained legal
status with the registration of Foundation of Organic Agriculture
Certification Thailand or IFOAM.

The limitation was the too high densities are not acceptable



because it possibly causes the fish stress and injury in the pond.
The stock density has been controlled to not over 1,800 kg/Rai or
1,125 g m2 for Nile tilapia culture in the pond (Organic Agriculture
Certification Thailand, 2020). In other word, in case of to raise to
marketable size (500 g.), the stock density must be only 2 fish m™.,
That was impossible in a commercial way to raise in an organic
system and receive the fish product only 67.50 kg in 60 m? pond.
Then, the benefit and cost estimation would be found that it was a
considerable loss. So changing from an organic culture system to a
food safety system was the preferable way in terms of investment
worthiness. The Nile tilapia culture in biofloc system for safety
food in this study means raising organic fingerlings in the
chemicals and antibiotics-free system with the organic fish feeding.

3.2. Benefit and cost analysis of Nile tilapia culture in biofloc
system

This benefit and cost analyzed based on four 9-m diameter
sphere shape ponds x 1.20 m height, 60 m® water volume. Total
production cost was 101,988 Baht, divided into total fixed cost
13,656 Baht/pond (13.39% of total production cost) and total
variable cost 88,333 Baht/pond (86.61% of total production cost)
(Fig. 2). Fish feed cost was the highest cost (58.34%), which
similarly to other traditional cultures, but the number of feeding
cost ratios on the biofloc system was less than others, 58%. In
contrast, the fish feed cost of Nile tilapia cage culture in Moon
river in Ubonrachthani province, in the Tapee river, Suratthani
province was 76.30 and 74.80%, respectively (Suparat, 2001;
Komanpririn, and Charernjiratragul, 2008). The fingerlings cost
was 14.71% and the feeding ratio was 3% of fish weight (Fig. 2
and 3).

Fixed cost
13%

Vatiable cost
87%

Fig. 2. Fixed cost and variable cost in Nile tilapia culture in
biofloc system.

In this study, the organic 100 g-size of fingerlings were
released in a biofloc pond, which generated a relatively higher
cost but greater survival rate and more shortened time than a
smaller size of fingerling. Stock density was 50 fingerlings m- or
3,000 fingerlings 60 m water volume. Feeding cost in biofloc
system was less percentage than the ones applying for cage or
earthen pond culture because there was a minimize water
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exchange and water usage through maintaining adequate water
quality in a biofloc system while producing low-cost biofloc rich
in protein, which in turn can serve as a feed for aquatic organisms
(Crab et al., 2010).

.. Opportunity fixed cost
Pond depreciation 1%
Opportunity variable cost — §%
2%

Opportunity land rent cost
2%

Equipment fixing

Logistic 2%,
1%
Fuellelectricity cost
2%

Material for biofloc
3%
labors
% Fish feed
58%

Fingerlings

15%

Fig. 3. Details of cost in Nile tilapia culture in biofloc system.

Fish production from non-chemical and non-antibiotic culture
could be sold at a higher price. Thiammueang (2019) studied on
the consumer’s attitude in safety and organic fish in Chiangmai
province and found that more than a half of the sample of
consumers (65%) has the willingness to pay a higher price for
organic fish but not over 20% compare with fish price from the
common system since the consumer could afford for premium
goods and for their better health. They would like to avoid
consuming chemical residue products.

In this study, the fish price was determined at 85 Baht/kg, a 15%
increasing from Nile tilapia common culture that produced the
income to 121,125 Baht/pond and minus all the costs a farmer
would receive net profit at 19,137/pond in average from 1,425
ka/pond with 95% survival rate. So after 5 months of the culture
period, the farmer would gain a total income of 484,500 Baht/crop
and a total net profit was 76,549 Baht/crop. In other words, the net
profit per kg was 13 Baht. The benefit and cost ratio (B/C ratio)
was 1.19 and the net present value (NPV) assessment was 1.43
million Baht.

This NPV was the positive indicated that the Nile tilapia culture
in biofloc system investment was worthiness. If the NPV is minus
means that the business is not worthiness. The expected returns of
this project or Internal rate of return; IRR was 45%, which was a
greater ratio than the minimum expected returns (15% of the
interest rate of return calculation). The payback period was 7.14
years, which indicated that the investors had to run this business
for 7 years and one and a half month, they would recover their
investment money (Table 1).

From the worthiness of investment in this Nile tilapia culture in
biofloc system analysis, all of the value of net profit, benefit and
cost ratio, NPV, IRR were positive value but the payback period
was over 7 years that because at the initial investment, especially,
the pond frame which made by steel bar and modeled the pond with
high-quality polyethylene. In case of cost reduction, the farmer
could apply a fiberglass pond or other kinds of the pond, which is
lower cost instead of a PE pond.
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Table 1

Cost and benefits structure of Nile tilapia culture in biofloc system.

Cost type Cash cost Non-cash cost Total Percentage

Variable cost 86,718 1,615 88,333 86.61
- Fish feed 59,500 - 59,500 58.34
- Fingerlings 15,000 - 15,000 14.71
- labors 4,308 - 4,308 4.22
- Fuel/electricity cost 2,127 - 2,127 2.09
- Equipment fixing 2,000 - 2,000 1.96
- Logistic 880 - 880 0.86
- Materials for biofloc 2,903 - 2,903 2.85
- Opportunity variable cost - 1615 1,615 1.58

Fixed cost 10,990 2,666 13,656 13.39
- Pond depreciation 8,360 - 8,360 8.20
- Machine depreciation 2,380 - 2,380 2.33
- Opportunity fixed cost - 916 916 0.90
- Opportunity land rent cost - 1,750 1,750 1.72

Total cost 101,988 100

Average production (kg/pond) 1,425

Fish price (Baht/kg) 85

Benefit (Baht/pond) 121,125

Number of ponds 4

Net profit (Baht/pond) 19,137

Total benefit (Baht/crop) 484,500

Net profit (Baht/crop) 76,549

Net profit per kg (Baht) 13

Benefit/cost ratio 119

Net present value, NPV (Baht) 1,426,302

Internal rate of returns (IRR) 45%

Payback period (years) 7.14

4. Conclusion and suggestions

Biofloc technology is the new alternative techniques that have
been applied to aquaculture, replacing a conventional culture
system such as an earthen pond or cage culture. It is able to
produce more production due to a higher stocking density. This
biofloc system is more efficient and convenient for commercial
farming. However, too much stock density is prohibited in an
organic system raising following the standard of Organic
Agriculture Certification Thailand to avoid the fish stress and
injury. These showed that rearing with biofloc technology in
standard organic system was unlikely suitable in a commercial
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way. From this benefit and cost study, we found that feeding cost
was the highest ratio. However, the feeding cost from the biofloc
system was less ration than the traditional cultures since biofloc
has been showed an adequate protein, lipid, carbohydrate and ash
content of biofloc could be used as a fish feed. Meanwhile,
increasing water turbidity was the disadvantage of the biofloc
system, so sediment disposing of was frequently needed.
Nowadays, it can be seen that the consumer’s behavior in food
and beverages had changed in terms of personal satisfaction, taste
and awareness in their society because they realized about
sustainable environmental and their health (DITP, 2018).
Therefore, to encourage a fish culture in the biofloc system was



another way for farmers in order to produce the chemical and
antibiotic-free fish to the market transform to the consumer
demands.

Nomenclature and abbreviation

GAP Good Aquaculture Practice

TFC Total Fixed Cost

TVC Total Variable Cost

PB Payback Period

NPV Net Present Value

IRR Internal Rate of Return

ACT Organic Agriculture Certification Thailand

DITP Department of International Trade Promotion

IFOAM International Federation of Organic Agriculture
Movements
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