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Purpose. The purpose of the article is to analyse the growth, economic
significance, and practical effectiveness of Biofloc Technology
in the regional economy of Bangladesh, assessing its
contribution to fish production, employment generation, and
sustainable aquaculture development.

Method. The study applies a descriptive research design supported by
secondary data analysis. Economic indicators, cost—benefit
assessments, and production efficiency data were examined
to compare traditional pond aquaculture with Biofloc-based
systems. Comparative evaluation of protein retention,
stocking density performance, feed utilisation, and microbial
activity was used to assess technological effectiveness.

Findings. The results demonstrate that Biofloc Technology significantly
increases production efficiency while reducing feed costs,
space requirements, and dependence on traditional pond
systems. Evidence shows higher survival rates, increased
biomass output, improved nitrogen utilisation, and enhanced
economic returns. The technology supports youth
entrepreneurship, reduces unemployment, and promotes
more resilient and sustainable aquaculture in Bangladesh.

Theoretical implications. The study strengthens theoretical perspectives
on sustainable aquaculture and microbial-based nutrient
recycling systems. It confirms that Biofloc Technology aligns
with circular-economy principles through “upcycling” waste
nitrogen into high-value microbial protein, contributing to
ecological sustainability and resource-efficient production
models.

Practical implications. The findings support the adoption of Biofloc
Technology as a cost-effective and highly productive
aquaculture method suitable for regions with limited land
and water resources. Policy makers and stakeholders may
utilise the results to promote entrepreneurship, youth
employment, small-scale fish farming, and national strategies
oriented toward food security and economic growth.

Paper type. Empirical research article.

Meta pocniaXKeHHA. AHani3 3pOCTaHHA, €KOHOMIYHOI 3HauyLWocTi Ta
npakTM4Hoi edekTmBHoCTI TexHosorii Biofloc y perioHanbHin
eKOHOoMiILi baHrnagew, a TakoX OLUiHIOBaHHA ii BHECKy Yy
36iNblIEHHA PUBHOT NPOAYKLIi, CTBOPEHHA PoboUMX MicLb Ta
PO3BUTOK CTANOrO aKBaKy/IbTYPHOrO CEKTOPY.

MeTog gocnipyKeHHsA. Y poboTi 3aCTOCOBAHO OMMCOBUIA AOCAIAHULBbKUN
nigxig, 3 BWKOPUCTAHHAM aHanisy BTOPWMHHUX AAHUX.
lNpoBeneHO OLiHIOBAaHHA €KOHOMIYHMX MOKAa3HWKIB, aHani3
BUTPAT i BWUrof, a TaKOX MOPIBHAHHA edeKTUBHOCTI
BMPOBHMLTBA MiXK TPAAULINHUM CTaBKOBUM PUBHMLTBOM Ta
cuctemammn  Ha ocHosi  TexHosnorii  Biofloc. [JopaTkoso
NpoaHani3oBaHO MOKA3HWMKU YTPUMaHHA 6inka, rycrtotu
NnocazKu, BUKOPUCTAHHA KOPMiB Ta MiKPOBHOT aKTUBHOCTI.

Pesynbtatn pocnigkeHHa. OTpumaHi  pesynbTaTv  cBigyaTtb, WO
TexHonoria  Biofloc icToTHO nigsuwye edekTMBHICTL
BUPOOHMLTBA, 3HWXKYE BMTPATM Ha KOPMM Ta CKOPOYYE
notpeby y BEAMKMX NoOWax Ans pubopo3BeseHHSA.
MigTBepAKeHO BMLWi PiBHI  BUMKMBAHOCTI, 36iNblIeHHA
6iomacu, NoNiNwWeHHA BMKOPWCTAHHA a30Ty Ta 3POCTaHHA
EKOHOMIYHOi  Bigaayi. TexHonoriaA  CNpUAE  PO3BUTKY
MOJIOAIYKHOTO MiANPUEMHULTBA, 3MEHLEeHHI0 6e3pobiTTa Ta
dopmyBaHHI0 6iibL CTiKOT Ta NPOAYKTUBHOI aKBaKyNbTypU B
BaHrnagew.

TeopeTuyHa UiHHICTb gocniaXKeHHA. [JocnigKeHHA NigCUNIOE TEOPETUYHI
3acafiM CTaNoro PO3BUTKY aKBaKy/AbTypu Ta MIKPOBHMX
CMCTEM MOBTOPHOIO BUKOPWUCTAHHA MOXWMBHUX PEYOBUH.

MokasaHo, wWwo TexHonoria Biofloc y3rogyetbca 3
npuvHUMNammn LMPKYyNAPHOT EKOHOMIKM, OCKiNbKKN
TpaHchOpMye a30TOBMICTKI  BiAXoAM Yy  BUCOKOLIHHWUIA
MiKpOBHUI  6iNOK, CNpUAOYM  EKOMOTiYHIN CTiMKoCTi Ta
pecypcoedeKTUBHOCTI.

MpaKTMyHa LiHHiCTb BOCNiAYKEHHA. MpakTUYHi pesynbTatn
nigTBEPAXYIOTb  AOUINBHICTL  YNPOBAAMXEHHA  TEeXHOAOrii
Biofloc AK ManoBuTpaTHOro Ta BWMCOKOMPOAYKTUBHOIO

MeToAy aKBaKynbTypu, ocobamso y perioHax i3 gediuntom
3eMe/IbHUX Ta BOAHMX pecypciB. OTpUMaHIi AaHi MOXyTb byTn
BUKOPUCTAHI AEep)KaBHUMW OpraHamu Ta 3auikaBneHUMU
CTOpOHamu ana CTUMY/IOBAHHA niaNPUEMHULTBA,
PO3LMPEHHA 3aNHATOCTI MONIOAI, MIATPUMKM ManUX PUBHUX

rocnofapcts i peanisauii cTpaTteriin, cnpamMoBaHMX Ha
3MiLUHEeHHA NpoAoBOMbYMOI  6e3nekn Ta  eKoHOMiYHe
3pOCTaHHA.

Tun cratTi. EMnipnyHa gocnigHuLbKa cTaTTA.

Key words: Biofloc, unemployment, economy, growth, effectiveness.

Introduction

Knroyoei cniosa: bBiopnok, 6e3pobitTa, eKOHOMIKa, 3pOCTaHHsA, ePEKTUBHICTb.

With almost seven billion people on earth, the demand for aquatic food continues to increase and
hence, the expansion and intensification of aquaculture production are highly required. Ifremer was
responsible for inventing this technology. The prime goal of aquaculture expansion must be to
produce more aquaculture products without significantly increasing the usage of the basic natural
resources of water and land (Avnimelech, 2009). The second goal is to develop sustainable
aquaculture systems that will not damage the environment (Naylor et al., 2000). The third goal is to
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build systems that provide an equitable cost/benefit ratio to support economic and social
sustainability (Avnimelech, 2009). All these three prerequisites for sustainable aquaculture
development can be met by Biofloc technology.

Biofloc technology was first developed in the early 1970s at Ifremer-COP (French Research
Institute for Exploitation of the Sea, Oceanic Center of the Pacific) with different penaeid species
including P. monodon, Fenneropenaeus merguiensis, L. vannamei and L. stylirostris. During the
1980s and the beginning of the 1990s, research continued in Israel and the USA. In 1988, the
Sopomer farm in Tahiti (French Polynesia) also implemented the technology. Nowadays, BFT has
been successfully expanded in large-scale shrimp farming in Asia, Latin and Central America, as well
as in small-scale greenhouses in the USA, South Korea, Brazil, Italy, China, and others. This Biofloc
Technology is a very new concept in Bangladesh. Biofloc technology is a technique for enhancing
water quality in aquaculture through balancing carbon and nitrogen in the system. Basically, it was
developed to control overproduction. This technology is also called a waste treatment system. The
technology has recently gained attention as a sustainable method to control water quality, with the
added value of producing proteinaceous feed, and Biofloc systems were also developed to prevent
the introduction of disease to a farm from incoming water. If carbon and nitrogen are well balanced
in the solution, ammonium in addition to organic nitrogenous waste will be converted into bacterial
biomass (Schneider et al., 2005). By adding carbohydrates to the pond, heterotrophic bacterial
growth is stimulated and nitrogen uptake through the production of microbial proteins takes place
(Avnimelech, 1999). This enhanced nitrogen uptake by bacterial growth decreases the ammonium
concentration more rapidly than nitrification (Hargreaves, 2006).

So, biofloc technology is not only effective in treating wastewater but also provides nutrition
to the aquatic animal. This technology has made fishery production more efficient and less time-
consuming, and by applying this technology the fishery industry will boom in the future as producers
will get more output at lower cost. Export will increase, as well as economic growth will accelerate
in the country.

Feed plus
carbon (C/N
ratio 15-20:1)

Biofloc (SCP, algae,
detritus, protists etc)

Carbonsource

Inorganic Nitrogen

Culture unit (+aeration and mixing)
Figure 1 — Biofloc Technology Process in Bangaldesh

Literature Review

Biofloc technology makes it possible to minimize water exchange and water usage in aquaculture
systems by maintaining adequate water quality within the culture unit, while producing low-cost
bioflocs rich in protein, which in turn can serve as feed for aquatic organisms (Crab, 2010; Crab et
al., 2007, 2009, 2010a). Compared to conventional water treatment technologies used in
aquaculture, Biofloc technology provides a more economical alternative (a decrease of water
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treatment expenses by approximately 30%), and additionally, a potential gain on feed expenses (the
efficiency of protein utilization is twice as high in Biofloc technology systems when compared to
conventional ponds), making it a low-cost sustainable component for future aquaculture
development (Avnimelech, 2009; De Schryver et al., 2008). Conventional technologies to manage
and remove nitrogen compounds are based on either earthen treatment systems or a combination
of solids-removal and nitrification reactors (Crab et al., 2007).

The strength of Biofloc technology lies in its ‘cradle-to-cradle’ concept as described by
McDonough and Braungart (2002), in which the term “waste” in fact does not exist. Translated into
Biofloc terms, waste nitrogen generated by uneaten feed and excreta from the cultured organisms
is converted into proteinaceous feed available for those same organisms. Instead of “downcycling,”
a phenomenon often found in conventional recycling attempts, the technique actually “upcycles”
by closing the nutrient loop. Hence, water exchange can be decreased without deterioration of
water quality and, consequently, the total amount of nutrients discharged into adjacent water
bodies may be reduced (Lezama-Cervantes & Paniagua-Michel, 10). In this context, Biofloc
technology can also be used in the specific case of maintaining appropriate water temperature,
good water quality, and high fish survival in low- or no-water-exchange greenhouse ponds, helping
to overcome periods of lower temperature during winter. Indeed, fish survival levels in
overwintering tilapia cultured in greenhouse ponds with Biofloc technology were excellent, being
97 + 6% for 100 g fish and 80 + 4% for 50 g fish (Crab et al., 2009).

The key to minimizing possible negative impacts of climate change on aquaculture and
maximizing opportunities will be understanding and promoting a wide range of inventive adaptive
technologies, such as Biofloc technology combined with greenhouse ponds.

Economic Viability — Cost reduction and profit calculation comparing traditional pond fish
farming and Biofloc technology

First, it is necessary to identify which fish species are eligible for Biofloc technology: shrimp,
tilapia, catfishes such as Pungas, Magur, Shing, Pabda, Koi, sea bass, salmon, cod, groupers, soles,
small indigenous species (e.g., Bele), crabs, lobsters, mussels, clams, etc. To provide a clearer
understanding, the following table presents an economic analysis of culturing tilapia, comparing
pond fish farming and Biofloc technology in terms of costs and profits.

Table 1 — Economic Cost—Benefit Analysis of Biofloc Technology

Investment (BDT) CF WB BFT RWB
Pond Preparation 67,500 67,500 67,500 67,500
Cost of Fingerlings 750.00 750.00 750.00 750.00
Feed Cost 3,240.00 1,261.00 1,625.00 —
Operational Cost 304.30 155.88 500.00 183.18
Total Cost 4,361.80 2,234.40 1,317.50 2,625.70
Production (kg/treatment) 92.340 75.600 62.20 72.600
Gross Income from Sale 5,540.40 4,536.00 3,732.00 4,356.00
Net Profit while Starting/6 1,178.60 2,301.60 2,414.50 1,730.30
Months
Net Profit/Harvest/6 Months 48,510.0 94,749.2 99,453.3 71,230.7

Source: Economic analysis of over-wintered culture of mono-sex tilapia in ponds for 6 months’ experimentation
(Hossain, M.A., A.A. Hossain & N. Sultana, 2005).

Here, the sale price of tilapia = Taka 120.00/kg; operational cost was considered as 7.5% of
total cost.
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[Abbreviations: CF = Commercial Feed; WB = Wheat Bran; BFT = Biofloc Technology; RWB = Rice
and Wheat Bran.]

From this table, it can be observed that production was the highest in the CF group receiving
commercial tilapia feed, but the highest net profit was obtained in the BFT system due to the
contribution of periphyton. Some profits were also recorded in the WB and RWB treatments;
however, these values were lower than those of BFT, and economically farmers may not receive
significant benefits from WB and RWB.

Therefore, the results of the present study suggest that it is possible to successfully culture
monosex GIFT tilapia using BFT, and that the culture of monosex tilapia with periphyton is more
economical and beneficial compared to wheat bran and even commercial tilapia feed under the
farming conditions of Bangladesh (Hossain, M.A., A.A. Hossain & N. Sultana, 2005). According to the
Department of Fisheries in Bangladesh, the average per-hectare fish production from ponds is 4,851
kilograms, which means around 20 kilograms per decimal. In contrast, in this experiment they
obtained 600 kilograms from half a decimal, which clearly demonstrates the remarkable growth
performance and harvest rate associated with Biofloc technology. Entrepreneurs report that this is
30 percent higher than the usual production from ponds using traditional fish-farming practices.
Technology itself is a remarkable tool (Sykh Siraj, 2019).

Figure 2 — Fish Production in Biofloc Technology

Research Methodology

There are mainly three types of research: exploratory research, descriptive research, and causal
research. To complete my research paper on “Impacts of Biofloc Technology on the Economy in
Bangladesh — A precise discussion on how Biofloc technology has developed our fisheries sector,
reduced unemployment, and increased our economic growth rate because of its cost-effective
nature”, | have conducted this study using the descriptive research method. By following the
descriptive research method, | have attempted to examine the existing present scenario of Biofloc
technology in Bangladesh, and | have also tried to evaluate its economic implications by identifying
the unemployment rate, conducting cost—profit calculations, and analyzing the practical use of
Biofloc technology in our fisheries sector.

There are two types of data sources: (1) primary sources and (2) secondary sources. In any
kind of research paper, it is generally necessary to use both primary and secondary data sources.
They differ from each other in several essential ways.
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1 How Biofloc Technology Works
Heterotrophic bacteria feed on organic matter. Basically, the process follows this reaction:
CeH1206 + 60, - 6CO, + energy

Probiotics
Feeds Carbon source l

Fresh/seawater

Inoculum

|

Bioflocs technology

C/N ratio

Temperature

Culture organism

Water quality Pathogens
Bioflocs - Species
- Nutritional value - Survival
- Micronutrients - Growth
- Microbial - Condition factor
community
(Crab, 2010)

Figure 3 — The working process of Biofloc Technology

But bacteria are made of protein, so they need nitrogen. They use the chemical energy in
organic substrates and consume oxygen (although there are anaerobic bacteria). Then
heterotrophic bacterial growth is stimulated, and nitrogen uptake occurs through the production of
microbial proteins. If carbon and nitrogen are well balanced in the solution, ammonium together
with organic nitrogenous waste will be converted into bacterial biomass.

The bacteria then absorb nitrogen from the water and help maintain water quality. Microbial
activity degrades waste, partly into CO, and approximately 59% into microbial biomass. Normally,
there is not enough nitrogen in ponds for new cell production. However, carbon-rich and protein-
poor materials (carbohydrates, CH compounds) such as starch or cellulose (flour, molasses, cassava)
can be added. The additional purpose is to keep the C/N ratio higher than 10. The bacteria form an
important part of the food chain. We can manipulate microbial activity to control nitrogen levels in
the pond, and they also seem to improve disease protection.

2 Effectiveness of Biofloc Technology in the Bangladesh Economy

BFT has several benefits compared to semi-intensive ponds and Recirculating Aquaculture
Systems (RAS). It can improve biosecurity, feed conversion ratio, water-use efficiency, land-use
efficiency, water quality, and reduce sensitivity to light fluctuations. However, there are also some
disadvantages: it requires high energy for mixing and aeration, it has a reduced response time
because water respiration rates are elevated, it requires alkalinity supplementation, and it can cause
an increase in nitrate levels within the system.

Use of 30% protein feed resulted in 55 tons/ha in 51 days; use of 20% protein feed resulted in
76 tons/ha in 51 days — a 31% reduction in feed cost. Use of 40% protein feed produced 448 kg/ha in
94 days; use of 25% protein feed plus tapioca flour produced 644 kg/ha in 94 days, increasing nitrogen
retention from 20% to 45%. Supplementation of 30% protein feed with molasses had no effect on
growth. At a C/N ratio of 10, production reached 445 kg/ha in 120 days; at a C/N ratio of 20 (by addition
of tapioca starch), production reached 583 kg/ha in 120 days. Feeding 35% protein feed resulted in 21
tons/ha in 84 days. Addition of starch and labeled 15N showed that 25% of feed protein could be
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replaced with Biofloc-derived protein. Feed plus wheat flour resulted in 31 tons/ha in 84 days, while
35% protein feed plus wheat flour produced 30 tons/ha in 84 days. Normal feed produced 3.1 tons/ha
in 35 days. Biofloc incorporation in feed at 7.8% resulted in 4.7 tons/ha in 35 days, and 15.6%
incorporation produced 4.6 tons/ha in 35 days. Increasing the C/N ratio by carbohydrate addition
enhanced shrimp production, increasing nitrogen retention from added feed by 13%.

Glycerol-grown Biofloc controlled quorum-sensing-regulated bioluminescence in Vibrio
harveyi, demonstrating the probiotic effect of Biofloc. PL-15 grown for 45 days in BFT systems with
and without artificial substrate at higher stocking densities showed higher weight in substrate-
added treatments (0.40 g) without affecting water quality. Inclusion of whole shrimp floc and floc
fractions in formulated diets improved shrimp growth rates without affecting survival. Ammonia
reduction through improving the C/N ratio by addition of tapioca flour resulted in higher growth
rates at C/N ratios of 10 and 20, with ratios of 20 and 30 being even more effective.

Regarding finfish species, Biofloc Technology was effective in combinations with tilapia,
producing good vyields. Maize was used as the carbohydrate source. Bioflocs developed using
different carbohydrate sources (glycerol, acetate, and glucose) were also used as feed. Glycerol-
based Bioflocs had higher protein content and resulted in higher prawn survival. The study
concluded that the selection of carbohydrate sources determines floc quality.

BFT application at different stocking densities showed that 200 BFT produced the highest
survival rate (60%), with the condition index remaining the same across all BFT tanks (18/20). The
lowest RNA/DNA ratio was reported at 200 BFT. The influence of BFT on prawn growth at 32%, 28%,
and 24% protein levels indicated that the highest growth rate occurred at 24% protein.

Application of BFT in mixed culture and optimization of bioflocculation at different hydrogen
ion concentrations showed that pH 7.5 produced good flocculation both qualitatively and
quantitatively. Major carps exhibited higher prawn growth rates when 100% Catla was added to
treatments. BFT increased weight by 50% and biomass by 80% in early post-larval stages compared
to conventional clear-water systems.

Application in nursery rearing systems improved survival rates ranging from 55.9% to 100%,
achieving 97% and 100% survival in some cases. BFT systems with and without pelletized feed
addition performed better than conventional clear-water systems. Juveniles fed with 35% CP
pelletized feed grew significantly better under BFT conditions than in clear water. BFT helped reduce
feed conversion ratio (FCR) and feed cost. Heterotrophic bacterial-based systems showed no
negative influence on growth or FCR values with 30% and 45% crude protein diets and 39% and 43%
CP in diets.

Evaluating the performance of various locally available carbohydrate sources as
bioflocculating agents showed that tapioca flour was the most effective. Addition of tapioca flour
increased larval survival rates.

Conclusion

Biofloc technology is not new to the world. It was invented in the 1970s at Ifremer-COP (French Research
Institute for the Exploitation of the Sea, Oceanic Center of the Pacific). However, in Bangladesh it is
relatively new. People have been using this technology for almost four years, and most of them are
responding positively. This is because it allows higher production compared to traditional pond fish
culture, which the majority of people in Bangladesh rely on. For a certain amount of fish, the pond-
culture system requires 5 to 10 times more space than a biofloc tank. According to comparative
assessments, biofloc technology is a more cost-effective process. Since it requires less space and lower
investment, anyone—especially young people—can start fish farming using this technology. They
cannot afford the consequences of unemployment, so this method is particularly beneficial for them.
Bangladeshi people are regionally more dependent on fish. Here, individuals need
approximately 200 grams of protein per day, which is most commonly obtained from fish. However,
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only 6% to 7% of the required protein intake is fulfilled on average by fish consumption. Therefore,
demand for fish consistently exceeds production, as is the case in many parts of the world. Given this
high demand, fish-culture businesses can be operated more effectively, and biofloc technology offers a
modern and efficient method of fish farming where physical labor is minimal, with the focus shifting to
care and maintenance. This will directly contribute to GDP growth and strengthen the economy. It will
undoubtedly reduce unemployment and encourage greater youth participation in the fisheries sector
by providing an accessible, low-investment, and profitable entrepreneurial opportunity. As more
individuals adopt Biofloc technology, overall fish production will continue to rise, helping to meet
national nutritional needs while simultaneously promoting sustainable economic development.
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