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Uncertainties related to the future behavior of projected cash flows cause doubts when choosing investments.
Therefore, it is essential to provide information that assist the entrepreneur in decision-making. This study
aimed to evaluate the financial indicators and verify the risk of biofloc technology (BFT) and conventional system
employed in a shrimp farm in the state of Pernambuco, Brazil. We used the simulation by theMonte Carlo meth-
od as a probabilistic analysis of the net present value (NPV) and internal rate of return (IRR). The input variables
consideredwere retail price (US$/kg), feed price (US$/kg), labor value (US$), productivity (kg/ha/year), produc-
tion cycle period (days) and feed conversion rate (FCR). The cash flows have been designed for 10 years to the
discount rates of 10, 13 and 16%. The BFT system showed greater sensitivity to changes in rates, reducing signif-
icantly the NPVwhen interest rates increased. Risk was only observed in the BFT system, with up to 15% of prob-
ability when subjected to the discount rate of 16%. Both shrimp production systems represent a significant
investment alternative for the rural sector in northeastern Brazil, because even from the perspective of riskman-
agement, the IRR has 90% probability of ranging from 7.66% to 59.40% for the BFT, and from 67.96% to 201.03% for
the conventional systems.
Statement of relevance: Brazilian shrimp producers are looking for new technologies to improve their productive
performance and to avoid problems related to diseases in conventional pond culture system. They are interested
in the biofloc technology (BFT) system, but there are many doubts about financial issues related to this technol-
ogy. However, few studies evaluate the economic aspects of the different culture systems used in this activity,
hampering the decision-making by the producer. Our study verified the viability of the BFT system, as well as
the conventional system employed in the northeast Brazilian shrimp farms, but both systems were impacted
along the time by productive aspects and changes in the prices of the main inputs used in the production.

© 2016 Elsevier B.V. All rights reserved.
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1. Introduction

Brazil is the eighth largest producer of farmed shrimp in the world,
with 74,415 tons produced in 2012, being second in Latin America
(FAO, 2014). However, the conventional culture of the marine shrimp
Litopenaeus vannamei, characterized by using large areas, low stocking
densities, poor technological support and constant water flow, is still
widely used in Brazil. However, no progress has been observed in the
shrimp production in the country in recent years, and many adversities
related to the operationalization of the conventional model have been
reported (Abreu et al., 2011; Maia et al., 2011).
o), sabbag@agr.feis.unesp.br
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Brazilian shrimp producers are becoming interested in closed culti-
vation systems that are able to withstand higher stocking densities,
such as the biofloc technology (BFT) system. They are motivated by
the need for development of shrimp farming industry, justified by in-
creases in demand and product selling price, and the constant concern
for biosafety (Abreu et al., 2011; Hargreaves, 2006). The BFT system,
characterized by the formation of microbial aggregates called bioflocs,
is advantageous over the conventional system in relation to their pro-
duction and biosafety (Avnimelech, 2012; Crab et al., 2012;
Hargreaves, 2013).

Investments in production intensification and new technologies
contribute to an increased productivity in shrimp farming. However,
few studies evaluate the economic aspects of the different culture sys-
tems used in this activity, hampering the decision-making by the pro-
ducer (Muangkeow et al., 2007; Silva et al., 2012; Hanson et al., 2013;
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Gonzalez-Romero et al., 2014). Commonly used techniques to evaluate
an investment project and establish parameters of feasibility are the
payback period (PP), internal rate of return (IRR) and net present
value (NPV). However, are rare in the literature information related to
the risks of the various production systems (Bruni et al., 1998).

The impossibility of predicting local and economic conditions relat-
ed to the project influences the decision-making about the investments,
and it is therefore important to consider certain degree of risk and un-
certainty. Because it is impossible to get all the important information
to implement an activity, it is difficult to eliminate the risk, which is in-
herent in the project itself. While risk identification is based on the
knowledge of the possible future behavior of themain variables that af-
fect the project and their probability of occurrence, uncertainty occurs
when the possible future states of these variables are not known
(Woiler and Mathias, 1996). We can turn some uncertainties into risk
through the simulation process, identifying the future possibilities of
the key project variables (Casarotto Filho and Kopittke, 2000).

One of the techniques used for risk analysis is the simulation by the
Monte Carlo method, which verifies the probability of each system be-
coming unviable in the face of operational aspects and price oscillations
in themarket. By using thismethod, the probabilistic (stochastic) distri-
bution of the indicator used is generated, determining its probability of
standing below an expected value (Costa and Azevedo, 1996).

Even with advantages related to productivity and biosafety, high in-
vestments in the BFT system entails uncertainties regarding the acquisi-
tion of this technology by entrepreneurs of shrimp farming. These
doubts relatemainly to the risks linked to the insertion of this new tech-
nology. Considering the need for information that helps entrepreneurs
in decision-making, this study aimed to evaluate the financial indicators
and check the risk of BFT and conventional systems used in a shrimp
farm in northeastern Brazil.
Table 1
Means of zootechnical indexes (±standard deviation) for two shrimp production systems
(BFT and conventional) evaluated in northeastern Brazil.

Variables BFT Conventional

Density (shrimp/m2) 113 ± 7.2 20 ± 1.8
Survival (%) 58 ± 19.6 73 ± 4.6
Final mean weight (grams) 11.9 ± 3.6 10.4 ± 0.2
Productivity (kg/ha/cycle) 7775 ± 1955.7 1537 ± 185.2
FCR (feed/biomass) 1.84 ± 0.3 1.40 ± 0.1
2. Materials and methods

The study was conducted in a commercial farm in the state of Per-
nambuco, Brazil. Information regarding the investment, operating
costs and revenues of the BFT systemwere obtained from the construc-
tion and operationalization of three ponds (625 m2 each) covered with
high-density polyethylene (HDPE). The data related to the conventional
system were obtained from the production history of three semi-
excavated ponds (2.86 ha each) and from information about the values
of new equipment and maintenance of existing structures on the farm.
Prices1 for the project items and inputs refer to the year 2014.

Both the BFT and the conventional systems were stocked with PL10
(post-larvae with ten days after mysis metamorphosis) of Litopenaeus
vannamei from a commercial hatchery. Shrimp of both systems were
fed commercial diet (Presence, Camanutri 32% and 40% crude protein,
São Paulo-Brazil) according to the different stages of their development,
with the amount being adjusted after biometrics, and the use of food
trays and feed table (Jory et al., 2001).

Sugarcanemolasseswere used as a carbon source to the formation of
bioflocs in the BFT system, maintaining the carbon/nitrogen ratio of
20:1 in the culture medium (Avnimelech, 1999; Ebeling et al., 2006).
In order to promote constant aeration, as well as horizontal and vertical
movement of thewater, a paddlewheel aerator (2 HP) was used in each
pond of the BFT system, providing 32 HP per hectare (Hargreaves,
2013). The conventional system did not require mechanical aeration,
since it had low stocking densities, and the electricity was used only in
water catchment.

For the analysis, we calculated the average of the zootechnical index-
es of production obtained during the year 2014, corresponding to 9 and
12 harvests in the BFT and conventional systems, respectively. The zoo-
technical indexes of production systems used to build the cash flow
1 Reference value (November/2014 - US$ 1.00 = R$ 2.49).
spreadsheets and risk analysis are shown in Table 1. In order to stan-
dardize the comparison between the systems, the area of production
considered was 1 ha of waterline, that is, 16 ponds of 625 m2 in BFT
and 10,000 m2 in conventional system.

Investment risks in both shrimp farming systemswere evaluated by
the indicators net present value (NPV) and internal rate of return (IRR).
NPV is defined as the sum of the present values of cash flows minus the
initial investment value. According to this indicator, the project is only
considered viable when the NPV is positive. Discount rates used were
10, 13 and 16% per year, the first one referring to the Special System
for Settlement and Custody (SELIC) of 2014, considered the benchmark
interest rate of the Brazilian economy, whose value reflects the profit-
ability average of productive activities in the economy (IRSB, 2015).

NPV was calculated according to the following formula:

NPV ¼
Xn
t¼0

PV= 1þ rð Þt
" #

−I

NPV=net present value; PV= cashflow value (difference between
inflows and outflows); n = number of flows; r = discount rate (above
savings account opportunity cost); t = analysis period (i = 1, 2, 3,…);
I = investment value.

From the cash flows for a horizon of 10 years, the internal rate of re-
turn (IRR) was determined, by definition, as the indicator that makes
the net present value of the flow equal to zero (Noronha, 1981). As
criteria for the viability of theproject, the IRRmust be equal to or greater
than theminimum rate of attractiveness (MRA), stipulated in this study
to 10% per year (SELIC). The IRR does not depend on the discount rate
chosen, being influenced only by the variation of costs and benefits
(Di Trapani et al., 2014). However, this viability indicator shows some
weaknesses, as when comparing large and small projects, because it
can make small projects appear more attractive, whereas large projects
may be more attractive with NPV (Kelleher and MacCormack, 2004).

IRR was obtained according to the following expression:

0 ¼ FV0 þ FV1= 1þ rð Þ1
h i

þ ½FV2= 1þ rð Þ2 þ FV3= 1þ rð Þ3
h i

þ…þ FVn= 1þ rð Þn� �n o
−I

FV=net cashflows (0, 1, 2, 3,…, n); r= discount rate (correspond-
ing to IRR).

To know the importance of each input and each variable on the eco-
nomic performance of the systems, and then select items with greater
influence, we used the sensitivity analysis. All items included in cash
flow were checked individually, using a 10% change in value, always
in unfavorable direction for the results of the systems. Thus, it was pos-
sible to observe the items with the greatest impact on the indicators of
economic viability, NPV and IRR.

The investment project evaluations are frequently linked to the de-
terministic analysis, simplifying, and often under or overestimating
the random behavior of the cash flow information, resulting in uncer-
tainty. Thus, the stochastic assessment through the use of probabilistic
models such as the Monte Carlo method is important, because it allows
the display of multiple scenarios and their probabilities from random
numbers generation, adding relevant information to the process of
Production cycle (days) 98 ± 13.2 90 ± 0.5
Retail price (US$/kg) 5.91 ± 0.9 5.77 ± 0.6



Table 2
NPV (US$), considering discount rates of 10, 13 and 16% per year, used in two shrimp pro-
duction systems (BFT and conventional) in northeastern Brazil, in 2014.

Production systems Discount rate (%)

10 13 16

BFT 142,004.42 108,063.14 80,042.74
Conventional 105,115.23 91,097.13 79,524.40
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decision-making in risk situations (Sabbag and Costa, 2015; Simões and
Gouvea, 2015).

From the results obtained in the sensitivity analysis, we used a sim-
ulation technique by Monte Carlo method to assess the risk of the sys-
tems. The triangular distribution was adopted for this technique, using
the minimum, maximum and mean (most likely) values registered in
the system operation for each input (Sabbag and Costa, 2015; Simões
and Gouvea, 2015). By using the software SimulAr (version 2.6) in
Microsoft Office Excel® platform, 20,000 iterations2 were performed
among the chosen input variables and different cash flows were gener-
ated, fromwhich different results were obtained for the viability indica-
tors (NPV and IRR). After obtaining the frequency distribution of the
aforementioned indicators, it was possible to assess the likelihood of
success or failure of the system.

The following input variables were used in the simulation by Monte
Carlomethod, identified in the sensitivity analysis: retail price (US$/kg),
feed price (US$/kg), labor value (US$) productivity (kg/ha/year), pro-
duction cycle period (days) and feed conversion ratio (FCR). To define
the variables of price behavior in the region,we estimated theminimum
andmaximumamount of eachfinancial item input, considering the var-
iation of 10%, less or more, in average values recorded during the year
2014. As for the operational items, the best and worst results recorded
in the productions were considered as minimum and maximum for
each variable.

In short, the risk analysis was based on the elaboration of scenarios
produced by Monte Carlo method. Thus, it was possible to stipulate
the range of values (random) to which each variable independently
could join, considering their respective defined parameters and
distributions.
Table 3
Probability (%) of BFT and conventional systems to present negative NPV considering dis-
count rates of 10, 13 and 16% per year in northeastern Brazil, in 2014.

Production systems Discount rate (%)

10 13 16
3. Results

For a deterministic assessment, both the BFT and the conventional
systems showed positive NPV at predetermined discount rates,
confirming their viability even at elevated rates of attractiveness for
the activity (Table 2). The BFT system showed greater proportional re-
duction in the NPV with an increase in the discount rate, which means
a greater sensitivity to rising interest rates.

In relation to the results of the probabilistic risk analysis (Monte
Carlo method) for each studied production system, only BFT was at
risk of becoming unviable (Table 3). This probability increased 122%
when the discount rate ranged from 10% to 16% per year.

The conventional system had a smaller amplitude in the NPV varia-
tion at a discount rate of 10% (SELIC), ranging fromUS$ 12,421.29 toUS$
228,830.92 (Fig. 1). As for the BFT, the NPV ranged from −US$
114,828.51 to US$ 645,705.62, proving to be highly impacted by chang-
es in the financial and operational items employed in the Monte Carlo
method. The mean values and standard deviations of NPV (10% per
year) obtained on risk analysis were respectively US$ 173,963.45 and
US$ 126,794.78 for the BFT, and US$ 104,096.39 and US$ 36,477.51 for
the conventional system, and these results are directly related to the
technological level of the system. In this sense, there is a 90% probability
of the NPV (10% per year) changing between -US$ 14,582.73 and US$
398,212.85 with the use of the BFT system, and between US$
47,334.94 and US$ 167,975.50 using the conventional system.

The Fig. 1 shows a considerable risk degree considered inherent in
the technological standards present in the BFT system, expressed by
the probability of 6.8% of activity failure.

According to the production obtained in 2014, IRR was greater than
MRA for both systems, corresponding to 29.44% in the BFT and 131.86%
in the conventional systems, both being viable. However, when
assessing the IRR through Monte Carlo method, the probability of BFT
and conventional systems presenting an IRR b 10% was 6.84% and
2 Number of repetitions.
0.00%, respectively (Fig. 2). The IRR, according to risk analysis, has a
90% chance to vary between 7.66% to 59.40% for the BFT system, and
67.96% to 201.03% for the conventional system. The average IRR obtain-
ed byMonte Carlomethodwas equal to 32.60% in the risk analysis of the
BFT system, whereas this indicator was 130.68% in the conventional
system.

4. Discussion

The sharp reduction of the NPV in the BFT system by increasing the
discount rate is due to the high cost of operation compared to the con-
ventional system, because it uses more inputs by area and skilled
labor demand. From this observation, it is concluded that the higher
the discount rate, the less attractive will be the BFT system compared
to the conventional. Moreover, it is possible to reduce the production
cost with an expansion of the system for more appropriate scales
(Buarque, 1991; Peres et al., 2004).

The BFT system has presented risks of becoming unviable, with
probabilities of 6.80, 10.00 and 15.10%, when subjected to discount
rates of 10, 13 and 16%, respectively. The conventional system obtained
lower return at rates below 16%, although there was no risk of
compromising this activity. This fact is attributed to a lower capital ex-
penditure for the purchase of inputs and hiring labor, whose price vari-
ation involves high risk (Peres et al., 2004).

Silva et al. (2012) evaluated the economic performance of a conven-
tional system of shrimp farming in the state of Rio Grande do Norte,
Brazil. In 2009, the probability of 12.8% of the NPV (12% of interest)
being negative was observed, even with favorable results of the NPV
and IRR (US$ 86,322.86 and 60%, respectively). However, at that time,
the retail price of the shrimp was US$ 3.13/kg and the number of cy-
cles/year was 2.5, which explains the occurrence of risk in the scenario
presented.

According to Gitman (1997) and Bruni et al. (1998), the risk is di-
rectly related to the standard deviation, i.e. with themeasure of variabil-
ity of the returns related to their mean value. The risk involved in the
acquisition of an asset is higher with the increase of the standard devi-
ation of the expected value of the returns. The variability of NPV results
obtained by Monte Carlo method was higher in the BFT (standard devi-
ation of US$ 126,794.78), as well as the risk, corroborating the above
noted by those authors.

By analyzing other agricultural activities in Brazil, asmilk production
in the state of Rio de Janeiro, with projected cash flow for a 20-year ho-
rizon, there was a risk of 39% of the system being unable to remunerate
the capital invested at thediscount rate of 6% per year, interest similar to
the savings accounts in the period (Haddade et al., 2005). Nonetheless,
Peres et al. (2008) observed risks ranging from 4.93% to 71.69%, at the
discount rate of 10%, for different milk production systems in São
Paulo state. From these observations, it is possible to associate the risk
BFT 6.8 10.0 15.1
Conventional 0.0 0.0 0.0



Fig. 1.Curves of ascendant cumulative probability of net present value (NPV) simulated by
Monte Carlo method for BFT and conventional systems (discount rate of 10% per year),
evaluated in a farm in the state of Pernambuco, Brazil, in 2014.
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factors related to the characteristics of each production system, as well
as local issues in the area where the activity is likely to be installed.

A high IRR in the conventional systemwas observed in shrimp farm-
ing by Silva and Bezerra (2004), when evaluated an investment in a
shrimp farm of 10 ha in the state of Ceará, Brazil, with a 10-year cash
flow and IRR equal to 103.65%. The high value of this rate leads to the
conclusion that it is preferable to invest in this activity, although there
are some problems related to this system incapable of being measured
by risk analysis, as the case of the possibility of shrimp contamination
by pathogens. Severe disease outbreaks in farmed shrimp have been re-
corded in many regions of Brazil, being difficult to predict their expan-
sion, as well as the contamination by new pathogens (Costa et al.,
2009). Other uncertainties are related to climatic factors, as some pro-
duction systems are susceptible to the surrounding environment, and
disasters might occur, such as the floods recorded in 2008 and 2009 in
the state of Rio Grande do Norte, that destroyed 2700 ha of nurseries
shrimp farming (Abreu et al., 2011).

Even with risk in the BFT system, the IRR mean results in this study
are favorable to both systems evaluated, as they are higher than the re-
munerations observed in investments available in the market, such as
savings accounts with earnings that stood at around 6% per year over
the same period (CBB, 2015). Considering each cash flow obtained
through the Monte Carlo method, as a result of a number of risk factors
such as prevailing prices and productivity, the rural shrimp farmer will
need to improve its business management, bargain prices and improve
Fig. 2. Curves of ascendant cumulative probability of the internal rate of return (IRR)
simulated by Monte Carlo method for the BFT and conventional systems, evaluated in a
farm in the state of Pernambuco, Brazil, in 2014.
productive management in order to adopt the BFT production system
and replace the conventional system.

5. Conclusion

Under the different scenarios evaluated in the present study, the BFT
culture system of L. vannamei showed risk due to its high sensitivity to
changes in costs and revenues in northeast Brazil. However, BFT and
conventional systems represent important investment alternatives for
the Brazilian rural sector, as they have probability of high financial
returns.
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