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Abstract

We performed simulations to analyse the economic viability between conventional production (CP) and integrated production
(IP) regimes of marine shrimp in ponds under semi-intensive culture in Brazil. The structural and operational characteristics
of CP and the zootechnical parameters associated with shrimp production, were defined based on a systematic literature
review through the application of the PRISMA method. The structural and operational characteristics, management strategies
and zootechnical parameters of integrated production were estimated based on the principles and practices determined by
Brazilian legislation and IP international concepts applied for shrimp farming presented in the technical and scientificliterature.
Comparisons between economic and financial viability of CP and IP were performed through the diagnosis (inventory) of the
activities, processes, equipment and inputs that compose the operation of a hypothetical semi-intensive shrimp pond farm. In
addition to the cash flows prepared for the two scenarios, the net present value (NPV), gross revenue (GR), operational profit
(OP), payback (PB), benefit/cost (B/C) and internal rate of return (IRR) of the CP and IP were estimated. Implementation
of specific technical standards (STS) represented the highest costs. The NPV of the CP was USD 758,147.70 and of the IP
was USD 97,452.54. The GR was USD 545,2565.00 for CP and USD 364,422.24 for PI. The PF estimated for the CP was USD
217,300.56, whereas that for IP was USD 68,416.72. The PB was estimated for one year for both scenarios. The B/C ratio was
1.66 for CP and 1.23 for IP. The IRR values for CP and IP were 35% and 7%, respectively. IP presented lower economic and
financial indicators than those of CP. The results obtained here may be useful as a starting point for the reduction of economic
differences between conventional and integrated ventures and for the feasibility of integrated production in shrimp farming.
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Abbreviations: CP: Conventional Production; IP:
Integrated Production; NPV: Net Present Value; GR: Gross
Revenue; OP: Operational Profit; IRR: Internal Rate of Return;
STS: Specific Technical Standards; EMS: Early Mortality
Syndrome; SPF: Specific Pathogen-Free; SDC: Secretariat for
Agricultural Development and Cooperatives; BFT: Bioflocs
Technology.

Introduction

Currently, a clear imbalance exists between the main
components of the production process in conventional semi-
intensive shrimp farming in Brazil. The emphasis of Brazilian
entrepreneurs and producers, understandably, is the
economic viability of their enterprises. This viability has been
achieved with a means of evolution and a consequent mastery
of production techniques [1-3]. Another very favourable
point is that the productive sector of shrimp farming is also
significantly represented in the political arena, through
the Brazilian Association of Shrimp Producers (ABCC), an
organisation that has achieved essential achievements for
Brazilian shrimp farmers in recent years [4].

On the other hand, the economic and financial viability
of the enterprises in Brazil has been compromised by
sanitary problems that are affecting the cultivated shrimp.
Diseases such as early mortality syndrome (EMS), infectious
myonecrosis (IMNV) and the syndrome caused by the white
spot virus (WSSV) have caused significant losses to the
sector [5,6]. These diseases were responsible for reducing
national production from 69,571 tons in 2011 to 41,000 tons
in 2017 [7,8]. These losses, estimated at 40% of the total
shrimp population in tanks and ponds, generated a deficit to
the productive sector of approximately US $ 12.2 billion [9].

High bureaucracy in the environmental licensing process
Marques AR, et al. [10] and Stevanato D], et al. [11], along
with persistent and diffuse accusatory campaigns, based
on alleged or effective conflicts of a social Gorayeb A, et al.
[12] and Brannstrom C, et al. [13] or environmental nature
Tenorio GS, et al. [14] and Prestrelo L [15] have impaired the
image of the sector and limited the expansion of activity in
the country. All of this is occurring at a time when Brazilian
shrimp farming has been seeking alternatives in its conquest
of new markets, especially in the international arena ABCC
[16,17] and the activity has increasingly suffered from the
increase of customs and non-customs barriers to export [18].
These barriers include, for example, the requirements of the
European Union and the US for food properly tracked since
its origin Myhre P, et al. [19] to meet increasingly stringent
food security standards and for cultivation according to good
production practices, which, in turn, aim to minimise the
environmental and social impacts of the entire production
chain [20,21].
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Faced with this unstable and challenging scenario,
Brazilian farmers have begun to seek alternatives to increase
the efficiency of the productive process and the aspects
directly and indirectly associated with it. In recent years,
several projects have been adapted to operate in closed
systems under intensive regimes (at densities above 100
shrimp/m?2), where water is reused, to achieve a higher level
ofbiosafety [22,23]. In most of these cases, Biofloc production
systems Rego MAS, et al. [24] and Emerenciano MG, et al.
[25] or tanks and ponds built in greenhouses Medeiros
PMOC [26] are employed. The Biofloc Technology System
(BFT) is practised virtually without water renewal and with
the use of microorganisms as a source of natural food [27].
This system employs high storage densities (from 100 to 700
shrimp/m?2) and is capable of producing a high biomass of
shrimp in a small area [28]. The cultivation in greenhouses
is characterised by the use of tanks or nurseries, with areas
from 1,000 m2 to 4,000 m2, covered with flexible structures,
used mainly to raise the water temperature to 31-32 °C,
which controls the WSSV [29]. The use of tanks coated with
HDPE blankets and using densities of 170 to 250 shrimp/m?2
have also been employed [30,31]. The major disadvantage of
the adoption of greenhouses and Biofloc systems lies in the
high investment and the operating and maintenance costs
[32]. In addition, much needs to be learned about the effects
that high temperatures can have on shrimp development and
the microbial activity present in the system.

Most of the farms producing marine shrimp in Brazil,
however, still operate in conventional nurseries and have the
following general characteristics: cultivated areas greater
than 1 ha ABCC [16,17] semi-intensive production regimes
(densities between 30 and 50 shrimp/m?2), and daily water
renewal (up to 4% of the total volume), performed by
electrical or oil pumping [33]. In such cases, practices and
techniques such as the use of specific pathogen-free (SPF)
shrimp Feijé RG, et al. [34] adoption of nursery tanks and
ponds Xue S, et al. [35] and Caipang CM, et al. [36] soil digging
after each growing cycle, liming and the use of probiotics
Royo F et al. [5] are tools used as alternatives to Biofloc or
greenhouse shrimp production. Integrated Production (IP)
arises in the context of these efforts to increase efficiency and
reduce losses as an alternative to improve sanitary control,
providing greater efficiency and control over the production
process, while also meeting the demands of international
markets.

Integrated production is defined as a systemic and
voluntary regime of agricultural production, which aims to
minimise waste and impacts, whether environmental, social
or economic, while also aiming to maximise profits [37].
According to the Brazilian Ministry of Agriculture, Livestock
and Food Supply, IP is supported by seven fundamental
principles that are intrinsically related to environmental

Copyright© Cozer N, etal.

Conventional Production in Semi-Intensive Shrimp Farming of Litopenaeus vannamei in Brazil.

Int ] Oceanogr Aquac 2023, 7(4): 000287.


https://medwinpublishers.com/IJOAC/

International Journal of Oceanography & Aquaculture

quality, labour and production process management: 1)
environmental stability, 2) reduction of losses and wastes, 3)
training of all those involved in the production process, 4)
integrated management, 5) biological diversity, 6) excellence
and 7) traceability [38].

Recent experiences in Brazil as the implementation
of IP in the production of Annonaceae [39,40] peach
[41,42], papaya [43], mango [44], corn [45] and coffee [46]
have shown that gains from the adoption of IP can lead to
agribusiness growth and more significant support for quality
food production and distribution chains, increasing exports,
overcoming barriers to trade, and increasing competitiveness
and sustainability of entire productive chains [47,48].
However, still, no projects of shrimp farming are certified
for IP, nor do specific technical standards (STS) exist that
establish conformity criteria for the activity in Brazil. That is,
the general principles of integrated production are defined,
but in practice, integrated production is not yet a reality to
Brazilian shrimp farmers.

Nevertheless, based on what has occurred in other
crops, the adoption of the IP principles likely will not require
radical changes in the productive infrastructure, techniques
or cultivation methods applied to shrimp farming. The
techniques and methods are fundamentally the same as
those of CP. Adopting IP will mean doing the same things but
in a better way that is more strictly controlled, integrated
and systemic, that is, without treating each segment as
an independent part of the whole. Integrated production
requires a high degree of planning, organisation, and
rigour in the technical and operational processes of the
enterprises, and it requires standardisation, qualification
and qualification throughout the productive chain, both by
the managers, service providers and the field staff, which
puts it at a higher level of efficiency compared to CP.

However, despite being a voluntary and freely adopted
process, once a farm chooses to obtain certification, the
producer must respect and follow the STS, which must be
periodically audited at the certified rural property. In Brazil,
certification of conformity is carried out by companies
accredited by the National Institute of Metrology, Quality
and Technology (Inmetro). The management and promotion
of IP-Brazil are centralised, in the public sphere, in MAPA's
Secretariat for Agricultural Development and Cooperatives
(SDC). The same Ministry also coordinates the necessary
partnerships for administrative, financial, operational and
execution of conformity assessment.

Among the main advantages of adopting this production
regime is the capacity to minimise costs due to the losses
and wastes of elements essential to the productive process
and the inefficient use of natural resources [43]. Additionally,
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other advantages attributed to IP are related to economic
and social benefits and the minimisation of impacts caused
by potentially polluting activities to the ecosystem [49,50].
In general, this production regime seeks standardisation,
the conformity of productive processes and the fulfilment
of sanitary, technological, social and environmental
requirements [51].

The objective of this study is to analyse, conceptually
and comparatively, the economic potential of integrated
and conventional shrimp production under a semi-intensive
culture regime in Brazil.

Material and Methods

Figure 1 summarises the methodology used to obtain
the data and the scenarios, which will be presented in detail
below.

Figure 1: Synthesis of the methodology used in the present
study. PRISMA: Preferred Reporting Items for Systematic
Reviews and Meta-Analyses; CP: Conventional Production;
IP: Integrated Production; NPV: Net Present Value; GR:
Gross Revenue; OP: Operating Profit; B/C: Benefit/Cost
Ratio; IRR: Internal Rate of Return.

Structuring of Hypothetical Farms

Two cases were simulated, based on the conceptual
creation of two hypothetical shrimp farms of the same
number and pond area: a farm destined for conventional
shrimp production (CP) and others structured and operated
under an integrated production (IP) regime. Both cases
were simulated by valuing the main characteristics in
common between these farms and identifying what would
be the specific changes that would occur in the process of
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certification of an enterprise in the IP model.

The structural and operational characteristics, as well
as the zootechnical parameters associated with shrimp
production on the two farms, were defined based on a
systematic literature review and application of the PRISMA
(Preferred reporting items for systematic reviews and
meta-analyses) methodology [52,53]. Books, technical and
scientific articles, case studies, theses and dissertations, in
Portuguese and English, published before March 2023, which
presented the terms listed in Table 1 in their title, abstract or
keywords, were searched.

Terms

Dimension and shrimp farming or shrimp cultivation and
growth

Characteristics and shrimp farming or shrimp cultivation
and growth

Profiling and shrimp farming or shrimp cultivation and
growth

State of the art and shrimp farming or shrimp cultivation
and growth

Current scenario and shrimp farming or shrimp
cultivation and growth

Food management and shrimp farming or shrimp
cultivation and growth

Nutritional management and shrimp farming or shrimp
cultivation and growth

Operational management and shrimp farming or shrimp
cultivation and growth

Production and shrimp farming regime

Production and shrimp farming system

Size of production units and shrimp farming or shrimp
cultivation and growth

Stocking density and shrimp farming or shrimp
cultivation and growth

Associated infrastructure and shrimp farming or shrimp
cultivation and growth

Installations and shrimp farming or shrimp cultivation
and growth

Equipment and shrimp farming or shrimp cultivation and
growth

Preparation of nurseries and shrimp farming or shrimp
cultivation and growth

Productivity and shrimp farming or shrimp cultivation
and growth

Table 1: Termsand combinations used to obtain bibliographic
data for the characterisation of the hypothetical shrimp
farms used in this study.
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At the end of the search phase, 3,030 documents
were obtained. Of these, 357 documents were pre-
selected according to their relevance to the theme of this
study. After the elimination of duplicate documents and
those with some distinct type of bias, 265 papers were
selected for presenting concepts, results, fundamentals
and qualitative and quantitative information about semi-
intensive shrimp farming in Brazil. After the texts had been
read and the selection criteria applied to extract data using
PRISMA, 52 documents (8 books, 25 scientific articles, nine
technical articles and 10 case studies, including theses
and dissertations) were selected to obtain data for later
characterisation of hypothetical shrimp farms.

For this, the structural and operational characteristics,
the management strategies, and the mean zootechnical
parameters achieved by the Brazilian producers were
inserted in spreadsheets, summarised and used for the
establishment of two hypothetical small-scale enterprises,
which exemplified the conventional production in semi-
intensive shrimp farms in Brazil. Based on this, for
simulation purposes, the two farms were defined as having
a total area of 18 ha and 9 ha of ponds. Next, the costs of
all inputs, equipment and other items related to each step
of the production process were estimated. For this, budgets
were requested from companies specialised in aquaculture,
using standard budget techniques. The average price on the
shrimp market was estimated based on values presented by
ABCC [16,17]. All values were estimated in the dollar, being
USD 1 = R$ 5,00 [54]. The costs related to construction,
improvements and soil preparation were attributed based on
the Unit Cost of Construction CUB [55], the National System
of Research of Costs and Indices of the Civil Construction
SINAPI [56] and data from the Civil Construction Industry
Union [57]. Labour-related costs were calculated based on
law 13,152 of 07/29/2015 Brasil BC [54] and decree 9,255
of 12/29/2017 [54].

Characterisation of Semi-Intensive Shrimp
Farming Carried Out Under the Integrated
Production Regime

The differences between a CP and an IP farm are mainly
focused on operational procedures and their management
routines. However, since no STS exists for IP shrimp
certification, in Brazil or internationally, the criteria for
defining the operational parameters of the hypothetical
certified farm and the management strategies, as well as the
zootechnical parameters achieved in this farm were defined
based on the principles and practices made available in
Brazilian legislation. In particular, the Normative Instruction
27 0of 08/31/2010 MAPA [38], which establishes the general
guidelines for IP-Brazilian projects; the Conmetro Resolution
040f12/02/2002CONMETRO [58],whichprovidesguidelines
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and criteria for conformity assessment; and the Ordinance
118 of 03/06/2015 INMETRO [59] which lays down the
stages of conformity assessment, were used. The concepts
presented by Ostrensky A, etal.[60,61]inthe collectionnamed
‘Integrated Production in Brazilian Shrimp Farming, which
present biological, sanitary, legal, environmental, social and
operational aspects of shrimp culture in in a more rational
and efficient way, were used. Disbursement with labour was
calculated based on the law 13,152 of 07/29/2017 Brasil,
2017 and in Decree 9,255 of 12/29/2017 Brasil, 2017. The
economic and financial analyses were based on real business
scenarios, considering the costs to adapt the operation of
the conventional hypothetical farm to its certification under
the IP model. Expenditures with the implementation of the
STS were estimated from the Services in Innovation and
Technology - SEBRAETEC SEBRAE [62], which is based on
the International Organization for Standardization - ISO to
elaborate international standards to facilitate commercial
relations between the different countries. As IP is a still an
unprecedented regime in Brazilian shrimp farming, the
shrimp retail price obtained from the use of this production
regime in a duly certified farm was estimated based on
experiences that involved some type of prior certification,
such as those presented by De Mendonga TG, et al. [43],
Furlan EF [63] and Jonell M, et al. [64]. In these cases, an
average increase of 20% in the value of the sale price of the
certified products was verified.

Economic and Financial Indicators

The comparison of economic and financial viability
between CP and IP was made through investment analysis,
based on the methodology proposed by Peres FC, et al. [65].
The analysis consisted of the diagnosis (inventory) of the
activities, processes, equipment and inputs that compose
the operation of a semi-intensive shrimp farm. The average
prices referred to 2017 and were recorded in US dollars, with
1 USD =R$ 5,00.

First, an analysis of fixed and variable costs was
performed, based on the method proposed by Matsunaga M,
etal. [66]. For this purpose, inputs, machinery, structures and
land area used and the respective cash flows for the CP and
IP were determined, considering a 5-year analysis horizon.
The remuneration of the entrepreneur was also considered.
Depreciation expenses were calculated using Equation 1:

D:(Vi—Vf)+Vu ....................................... (D

D: Depreciation expenses (US$),

Vi: Initial or acquisition values (US$),
Vf: Residual or final values (US$), and
Vu: Remaining useful life (years).
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The useful life of buildings and benefactors, equipment
and utensils were calculated using Equation 1a:

Vu = useful life (h),
n = lifetime (years), and
a = time of use (hours/year).

Next, profitability indicators were established based
on Martin NB, et al. [67], as follows: the gross revenue (GR),
obtained through Equation 2; the operating profit (LO),
achieved through Equation 3; and the benefit/cost ratio (B /
(C), estimated by Equation 4.

GR=TPXUP eoovveoeoeeeeereeeeessesereon (2)
GR: Gross revenue (US$),
TP: Total Production (kg), and
UP: Average unit price paid to producers (US$).

OP = GR=TOC eeeeeeeereererreereennn 3)
OP: Operational profit (US$),
GR: Gross revenue (US$), and
TOC: Total Operating Cost.

B/C: Benefit/Cost ratio
Y. I: inflow sum (US$), and
Y. 0: Outflow sum (US$).

NPV, which measures the project’s absolute profitability,
was defined as the present value of the cash flows over five
years, discounting the initial value of the investment, and
was calculated using equation 5, as proposed by Peres FC,
etal. [65].

NPV:/Z1|:CF;' +(1+MAR)1J‘I,- ................................... (5)

J=1

NPV: Net Present Value (US$),

CF: Cash flow (US$),

MAR: Minimum attractiveness rate (3.5%)
j: Number of periods (year),

h: Investment period (year),

[i: Initial investment (US$).

With the horizon of analysis set at five years and while
considering the investment concentrated in year zero, the

internal rate of return (IRR) was determined using Equation
6, as proposed by Noronha JF [68].

IRR:i[FC‘.+(1+TIR)i:|—1/.IO ............................ (6)

IRR: Internal rate of return,
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i: Period of investment (year),
Ii: Initial investment (US$), and
h: Final investment period (year).

The payback (PB) was considered as the period
necessary to recover the expenditures with implementation
or adequacy of the enterprise.

Results

Hypothetical Farms

Tables 2 & 3 present the steps, processes and dimensions
of the facilities and the productive infrastructure, equipment
and materials used in used on both hypothetical farms
simulated here.

infr?s,fr‘:l(c)fure Description Specification Quantity U:;(f:;‘ll)fe CO(SltJ;;’)tal
Nursery Nurseries tanks 55m? 4 un 40 46.530.00
Ponds 10,000.00 m? 9 un 10 1,35,000.00
Water supply channel 24,000.00 m? 1un 10 14,400.00
Growth Reservoir 19,200.00 m3 1un 10 31,740.00
Drainage channel 21,160.00 m3 1un 10 15,870.00
Decantation tank 21,160.00 m3 1un 10 26,450.00
Feed deposit 100 m? 1 un 40 21,150,00
Fertiliser and agricultural correctives 100 m? 1un 40 21,150,00
Laboratory 100 m? 1 un 40 21,150,00
Administration office 100 m? 1un 40 21,150,00
Garage 100 m? 1 un 40 21,150,00
Ancillary facilities Mechanical office 100 m? 1un 40 21,150,00
Bathroom 10 m? 2 un 40 5,076,00
Locker room 10 m? 2 un 40 4,2430,00
Refectory 50 m? 1un 40 10,575,00
Secondary feed deposits 4 m? 6 un 40 5,076,00
Main access routes 7 m 9 un 30 5,240,00
Total (US$) - - 4,23,621.00

The average unit price of buildings and facilities was estimated for agricultural sheds (211,50 US$/m2). The costs of ground
tillage and soil movement were estimated at 15.000,00 US$/ha.
Table 2: Productive infrastructure projected to be coincident both in the conventional and integrated production hypothetical

shrimp farms.

in fr?s,{)reuzfure Description Specification Quantity U?;:;Lil)fe Co(slg'sl‘;)tal

Acclimatisation tank 500 L 9 un 30 357.48
Floating pump 200 m3/h 2 un 10 229.05

Radial compressor 5CV 2 un 10 2,116.21

Nursery T

Air diffusers 1/m2 486 un 5 148.62
Silicone hose 6 mm 220 m 10 134.55
Transport tank 1000 L 3un 4 293.58
Refractometer - 2un 10 116.2

Oximeter - 1un 10 825.68
pH meter - 1un 10 305.2
Nursery/growth Thermometer - 13 un 10 238.53
Secchi’s disc - 2un 10 90.52

Personal safety equipment - 10 un 10 887
General tool kit - 1un 10 2,000.00
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Net screen frames - 57 un 5 1,003.36
Bag net - 10 un 5 1,758.40
Stop-logs - 9 un 5 4,501.35
PVC 20 mm tube - 6 m 5 3.3
Optical microscope and
pNeubauer charrriber i 2 un 10 88.68
Axial flow pump - 2 un 10 14,000.00
Growth Vertical substrates - 900 m 10 704,58
Fixed feeders - 315 un 10 907,20
Kayak - 9 un 10 1,651.40
Paddle wheel aerators - 18 un 10 18,440.00
Diesel generator - 2 un 10 4.892.96
Vehicle - 1un 10 10,000.00
Tractor - 1un 10 45,000.00
Cast nets (Biometrics) - 2un 3 86.23
Harvest Slaughter boxes (500 L) - 6 un 30 357.48
Trawl nets - 2 un 3 85
Scale - 2un 10 122.32
Total (US$) - - - 1,11,344.90

*Estimation based on the quotation in stores specialising in aquaculture equipment.
Table 3: Productive equipment and material projected to be coincident both in the conventional and integrated production

hypothetical shrimp farms.

For the transformation of a conventional farm into an
IP enterprise, two types of necessary adaptations were
identified: direct and indirect adaptations.

directly related to the field audits (pre-evaluation and
complete evaluation of the project to be converted). The
estimated costs with STS implementation, monitoring,
qualification and renewal of certification are presented in

e Direct Adaptations Table 4.

This category of adaptations involves those financial costs

Adaptations Cost*(US$)
Guidance/adjustment fees
Consultant (initial evaluation) 195.72
Mapping/Diagnostics of property 137.61
Certification (Conformity Assessment) 327.32
Renewal of certification (every three years) 840.98
STS Implementation
Quality management system - QMS (ISO 9001) 1,437.31
Test and sampling plan 550.46
Environmental management system (ISO 14001) 1,761.47
Social responsibility (ISO 26000) 1,284.40
Employee education fund 12,000.00/year
Crustacean traceability system (ISO 16741)
Packing 3,933.00
Labelling 1.300,00
Barcode registration/license 846.80/year
Internet 550.00/year
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Central data storage (software/cloud) 6.567,00
Reader 91.74
Computer 1,070.30
Energy efficiency system (ISO 55001) 783
Waste management system 2,167.90
Suitability (occupational health and safety) 1,284.40
HACCP Implementation 844.04
Training of the workforce in IP 550.46
Plan for waste reduction 978.59
Total 54,705.38

*Values estimated based in the programme of the Brazilian Service for Support to Micro and Small Enterprises (SEBRAE), the
general coordination of accreditation of Inmetro and the World Standard for Good Agricultural Practices - GLOBALG.A.P.
Table 4: Direct adaptations and their costs for the implementation of Integrated Production.

e Direct Adaptations

Indirect adaptations were those related to changes in
the productive infrastructure and in the operationalisation
of the enterprise to be certified. The indirect costs involved
the acquisition of the necessary minimum equipment and
supplies, such as a water and oil separator box (USD 440.00)
and SPF post-larvae (US $ 5.73/thousand), which would
be mandatory on an IP farm. However, changes occurred
in the zootechnical parameters to be achieved or practised
by producers. For example, the stocking density showed
a reduction of 52% compared to that practised in the CP

to meet the recommended by ABCC [16,17] as a measure
of coexistence with WSSV. Therefore, the stocking density
fell from 43 PL/m2 (CP) to 20 PL/m2 (IP). In this case,
compensation, albeit partial, would come with the increase
in the sales value of shrimp produced from USD 5.77/kg
in CP to USD 7.21/kg in IP. The estimated survival would
have a 10% increase with the adoption of IP. Similarly, the
apparent feed conversion (AFC) would also have an expected
improvementofatleast 10%. The othersignificantdifferences
of zootechnical parameters between the scenarios can be
observed in Table 5.

Variables CP IP Unity
Initial density 43 20 PL/m?
Number of PL acquired 3,948.979.60 1,836.000.00 -
PL Cost 4.18 5.73 US$/thousand
Initial PL weight 0.02 0.02 g
Survival 68 78 %
Final number of shrimp 2,631.600.00 1,404.000.00 -
Final weight 0.012 0.012 kg
Final biomass 31,500.00 16,848.00 kg
Productivity 3,500.00 1,872.00 kg/ha
Apparent feed conversion 1.5 1.4 -
Duration of each cycle 90 90 Days
Wholesale price 5.77 7.21 US$/kg

Table 5: Zootechnical and economic variables related to the cultivation of Litopenaeus vannamei in semi-intensive regime under

conventional (CP) and integrated production (IP).

CP And IP Economic and Financial Indicators
o Estimating Cash Flow

Cash flow was estimated for the CP scenario, as
presented in Table 6 and another was estimated for the farm
operated under the IP regime (Table 7). Both cash flows

Cozer N, et al. Comparative Analysis of the Economic Viability between Integrated and

were simulated based on a 5-year analysis horizon, during
which the farms were able to operate without the need for
significant structural reforms of benefactors (sheds, supply
and disposal channels, ponds, tanks, etc.).
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When comparing cash flows, the principal disbursements
for the shrimp production under both CP and IP are related
to the acquisition of feed and PL. Items such as pro-labore,
maintenance of improvements and fertilisers and correctives
are also highlighted by their high cost in both scenarios
evaluated.

Regarding the conversion of a conventional to an
integrated farm, the main costs are related to the direct
adaptations. In the IP regime, special attention is devoted
to the creation of a system for recording activities and
productive results, to enable the implementation of a

traceability system. The provision of resources for the
training of all those involved in the production process is
necessary, whether linked to the operation or management
of the enterprise for the implementation of a social
and environmental responsibility programme or waste
management programme, or to increase in productive
efficiency, through a plan for energy efficiency and reduction
of wastes. These investments resulted in a difference of less
than USD 111,465.64 for the balance of the IP relative to
CP at the end of the five years analysed. Nevertheless, the
accumulated net balances of both CP and IP were positive
over time.

Year
0 1 2 3 4 5
Inflow (US$) - 5,45,265.00 5,45,265.00 5,45,265.00 5,45,265.00 9,63,437.54
Annual shrimp sale - 5,45,265.00 5,45,265.00 5,45,265.00 5,45,265.00 5,45,265.00
Land value (year 5) - - - - - 41,284.80
Value (()}f’:::l;a;’actors i i i i i 3,16,888.42
Ceipment ears) | - : : : : 59,999:32
Investments (US$) 5,76,250.68 3,27,964.44 3,27,521.89 3,27,521.89 3,27,964.44 3,27,521.89
Land value (year 0) 41,284.80 - - - - -
Value ([)}f]::rng;’actors 423,621.00 i i i i i
et meivenond | 1aisman | - - - -
Outflow (US$)
Operating license - 442.55 - - 442.55 -
Post-larva (thousand) - 48,529.80 48,529.80 48,529.80 48,529.80 48,529.80
Transport - 6,885.00 6,885.00 6,885.00 6,885.00 6,885.00
Electricity - 15,041.70 15,041.70 15,041.70 15,041.70 15,041.70
Urea - 422.82 422.82 422.82 422.82 422.82
Triple superphosphate - 25.52 25.52 25.52 25.52 25.52
Na_SiO, - 0.48 0.48 0.48 0.48 0.48
CaCo, - 1,816.50 1,816.50 1,816.50 1,816.50 1,816.50
Vitamin B - 792 792 792 792 792
Feed - 86,020.61 86,020.61 86,020.61 86,020.61 86,020.61
Artemia - 1,713.76 1,713.76 1,713.76 1,713.76 1,713.76
Fuels and lubricants - 9,000.44 9,000.44 9,000.44 9,000.44 9,000.44
]z;fl;tlé?}ézg)r - 21,005.70 21,005.70 21,005.70 21,005.70 21,005.70
;ﬁg;g;rr;gt - 7,293.50 7,293.50 7,293.50 7,293.50 7,293.50
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Alkalinity kit - 42876 428.76 428.76 428.76 428.76
Nitrite kit - 428.76 428.76 428.76 428.76 428.76
Ammonia kit - 761.94 761.94 761.94 761.94 761.94
Complete chemical soil - 517.59 517.59 517.59 517.59 517.59
analysis
Physical soil analysis - 207.09 207.09 207.09 207.09 207.09
Pro-labore - 44,037.00 44,037.00 44,037.00 44,037.00 44,037.00
Maintenance of
machinery and ; 12,533.25 12,533.25 12,533.25 12,533.25 12,533.25
equipment
Maintenance of ; 39,714.45 39,714.45 39,714.45 39,714.45 39,714.45
Improvements
Rural territorial ; 1,230.52 1,230.52 1,230.52 1,230.52 1,230.52
property tax
Balance (US$) -5,76,250.68 | 2,17,300.56 | 2,17,743.11 | 2,17,74311 | 2,17,30056 | 6,35,915.65

Table 6: Cash flow containing the inflows, outflows, and estimated balances for the operation of the hypothetical conventional

shrimp farm.

Year
0 1 2 3 4 5
Inflow (US$) - 3,64,422.24 3,64,422.24 3,64,422.24 3,64,422.24 8,06,869.32
Annual shrimp sale - 3,64,422.24 3,64,422.24 3,64,422.24 3,64,422.24 3,64,422.24
Land value (year 5) - - - - - 41,284.80
Value of benefactors i i i i i 3,27.463.42
(year 5)
Value .of machinery and i i i i i 73,698.86
equipment (year 5)
Investments (US$) - 3,08,005.52 2,94,419.31 2,94,419.31 2,97,131.08 2,94,419.31
Land value (year 0) 41,284.80 - - - - -
Value of benefactors 4,34,196.00 i i i i i
(year 0)
Value .of machinery and 1,25,044.42 i i i i i
equipment (year 0)
Traceability system (ISO
22005) 844.04 - - - - -
Crustaceans traceability
system (ISO 16741) 14,358.84 ) ) i i i
Obtaining the barcode 846 - - - - -
Wrapping machine 3,933.00 - - - - -
Labelling machine 1,597.50 - - - - -
Central data storage
(software/cloud) 6,567.00 i ) ) ) i
Reader 91.74 - - - - -
Computer 1,070.30 - - - - -

Cozer N, et al. Comparative Analysis of the Economic Viability between Integrated and
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Outflow (US$)
Operating license 442.55 - - 442.55 -
Post-larva (thousand) 26,460.00 26,460.00 26,460.00 26,460.00 26,460.00
Transport 6,885.00 6,885.00 6,885.00 6,885.00 6,885.00
Electricity 15,041.70 15,041.70 15,041.70 15,041.70 15,041.70
Urea 422.82 422.82 422.82 422.82 422.82
Triple superphosphate 25.52 25.52 25.52 25.52 25.52
Na2Si03 0.48 0.48 0.48 0.48 0.48
CaCoO3 1,816.50 1,816.50 1,816.50 1,816.50 1,816.50
Vitamin B 792 792 792 792 792
Feed 60,214.43 60,214.43 60,214.43 60,214.43 60,214.43
Artemia 891.16 891.16 891.16 891.16 891.16
Fuels and lubricants 9,000.44 9,000.44 9,000.44 9,000.44 9,000.44
D(Lr;‘;ll(;;ggsr 24,005.70 21,005.70 21,005.70 21,005.70 21,005.70
Temporary employment 7,293.50 7,293.50 7,293.50 7,293.50 7,293.50
Alkalinity kit 428.76 428.76 428.76 428.76 428.76
Nitrite kit 428.76 428.76 428.76 428.76 428.76
Ammonia kit 761.94 761.94 761.94 761.94 761.94
Complete chemical soil 517.59 517.59 517.59 517.59 517.59
analysis
Physical soil analysis 207.09 207.09 207.09 207.09 207.09
Pro-labore 44,037.00 44,037.00 44,037.00 44,037.00 44,037.00
Maintenance of
machinery and 12,533.25 12,533.25 12,533.25 12,533.25 12,533.25
equipment
ﬁ“rﬁg‘rtoe‘lam“gt‘;f 39,714.45 39,714.45 39,714.45 39,714.45 39,714.45
Rural te”itf;;al property 1,230.52 1,230.52 1,230.52 1,230.52 1,230.52
oo e e | - - -
Mapping/diagnostics of 137.61 i i i i
property
Ce”iﬁ:zzie";;g:;tf)ormity 327.32 . . 327.32 .
et s | - - -
Test and sampling plan 550.46 - - 550.46 -
Environmental
management system (ISO 1,761.47 - - - -
14001)
Social reszp605105(i)l;ility (I1so 1,284.40 ) i i i
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Employee education fund - 12,000.00 12,000.00 12,000.00 12,000.00 12,000.00
Energy efficiency system i 783 i i i i
(ISO 55001)
Waste management i 2167.90 i i i i
system
Suitability (occupational
health and safety) 1,284.40
HACCP Implementation - 844.04 - - - -
Training ofthe workforce i 550.46 i i 550.46 i
in [P
Plan for waste reduction - 978.59 - - - -
Renewal of certification - 840.98 - - 840.98 -
Internet - 550.44 550.44 550.44 550.44 550.44
Packing - 2,198.77 2,198.77 2,198.77 2,198.77 2,198.77
Barcode registration/ : 846.8 846.8 846.8 846.8 846.8
license
Balance (US$) -6,29,833.64 68,416.72 82,002.93 82,002.93 79,291.16 5,24,450.01

Table 7: Cash flow containing the inflows, outflows, and estimated balances for the operation of the hypothetical integrated

shrimp farm.

¢ Main Financial Results Achieved Through PC and IP

Table 8 shows the values of NPV, GR, OPF, PB, B/C and
IRR obtained in the two hypothetical shrimp farms. The
estimated NPV for CP (USD 758,147.70) was much higher
than that of IP (USD 97,452.54). The same happened for GR
and OP. However, notably, both scenarios evaluated presented
positive revenue and profit during the analysed analysis
horizon. The internal rate of return that cancels the NPV was
35% for CP and 7% for IP. The time for the return of capital
(PB) was one year in both cases. More specifically, positive
financial results started to happen after three productive
cycles, which are equivalent to approximately one year of
production. The B/C ratio was 1.66 for CP and 1.23 for IP. In
other words, each dollar of cost generates $ 1.66 of revenue
in the CP and $ 1.23 in the IP.

Financial Indicators CP IP
Net present value - NPV (US$) | 7,58,147.70 | 97,452.54
Gross revenue - GR (US$) 5,45,265.00 | 3,64,422.24
Operating profit - OP (US$) | 2,17,300.56 | 68,416.72
Payback - PB (years) 1 1
Cost/benefit - C/B 1.66 1.23
Internal return rate - IRR 35% 7%

Table 8: Net present value (NPV), internal return rate (IRR),
operating profit (OP), Payback (PB) and Benefit/Cost (B/C)
ratio in shrimp farming farms managed under conventional
(CP) and integrated production (IP).

Cozer N, et al. Comparative Analysis of the Economic Viability between Integrated and

Discussion

According to the calculations presented, the main cost
component for shrimp production in Brazil is associated with
the acquisition of feed, which accounts for 43.3% in CP and
39.6% in IP. To some extent, this finding agrees with what
was observed by Kubitza F [69], which states, however, that
feed costs could reach up to 70% of the total costs of shrimp
production, depending on the case. However, our data are
closer to those obtained by Coelho MA [70] who, when
analysing the relationship among costs, volume produced
and profit margins in small-sized shrimp farms (up to 10 ha)
in Brazil, concluded that the most substantial disbursements
were observed in relation to the acquisition of feed (38%)
and PLs (30%), pro-labore payment (32%) and maintenance
of benefactors (16%). These data indicate that the success
or failure of any shrimp farming enterprise goes through
adequate food and nutritional management.

The expenses with PL accounted for 17.5% of the
production costs in the CP and 24.3% in the IP hypothetical
shrimp farm. This proportional increase observed in IP
is related to the fact that certification would require the
purchase of SPF post-larvae originating from certified
laboratories Ostrensky A, et al. [60] which would represent
an extra cost of atleast USD 1.55 per thousand of PL acquired.
Valderrama D, et al. [71] evaluating the investment and risks
of shrimp farming in Honduras, reported an increase of
USD 2.00 per thousand of PL purchased from such certified
laboratories. However, this higher cost is expected to be

Copyright© Cozer N, etal.

Conventional Production in Semi-Intensive Shrimp Farming of Litopenaeus vannamei in Brazil.

Int ] Oceanogr Aquac 2023, 7(4): 000287.


https://medwinpublishers.com/IJOAC/

International Journal of Oceanography & Aquaculture

compensated for a lower occurrence of diseases and higher
resistance of shrimp to diseases and, consequently, a higher
final survival rate [72].

Another essential component of shrimp production costs
in Brazil is the payment of pro-labore, accounting for 22% of
disbursements in the CP and 29% in the IP. The maintenance
of improvements occupied a prominent position, with 19%
in CP and 25% in IP. In a farm that is to be certified with the
IP-Brazil seal, some additional investments will need to be
made for a CP project. In the case of the hypothetical farm
simulated here, the direct adjustments (related to field
audits) implied resulted in disbursements of USD 42,705,38
(representing 15% of the total annual costs of the enterprise).
In this case, the most significant extra cost component was
the traceability system, which represented the equivalent of
33% of the adequacy costs for conversion of the enterprise
into the IP.

In a study conducted by Van Senten ], et al. [73] which
evaluated the effects of certification on 10 live bait farms in the
US, the cost with direct adjustments reached USD 150,000.00
per farm, which represented an additional production cost
equivalent to US $ 7,400.00/ha, corresponding to 25% of
the total annual costs of each venture. Abate TG, et al. [74]
developed a literature review focusing on aquaculture
regularisations and certifications and concluded that
the regulatory environment might present excessive and
unsustainable costs for aquaculturists. An alternative to
minimise such costs with IP certification is the possibility of
group certification through associations or cooperatives [43].

Based on the cash flows, the leading economic and
financial indicators of the two projects were estimated.
Regarding the NPV, both projects present long-term
economic viability, since they present positive NPV (CP = USD
758,147.70; IP = USD 97,452.54). Positive NPV indicates that
the productive structure of both CP and IP, represented by
their capital stock, are being remunerated above the interest
rate and, thus, generating profits [22]. When performing
an investment analysis on 20 shrimp farms up to 10 ha in
Northeast Brazil, Coelho VF, et al. [75] obtained an average
NPV of USD 949,757.71, considerably higher than those
calculated in the present study for both CP and IP. In contrast,
Da Silva SLG, et al. [76] also found an NPV of USD 65,732.09
when conducting an investment analysis in a small-sizes
shrimp farming venture (6.09 ha) in the Northeast region
of Brazil. According to Peres FC, et al. [65] the differences in
NPV values may be related to the different periods (horizon
of analysis) established and the different disbursement items
inserted in the analysis.

Indicators such as the GR and PB of the CP were also
higher than those simulated in the IP. These indicators are

Cozer N, et al. Comparative Analysis of the Economic Viability between Integrated and

useful in assessing whether sales efforts are translated into
results for the company or whether a change in strategy is
necessary Brabo MF, et al. [77] and Da Silveira Siqueira IL, et
al. [78] for example, by adapting the company to the issues
related to seasonality (of production or consumption). With
GR and OP, identifying the periods in which sales increase
and that production would also need to increase is possible
[79]. Such indicators are also important for sales planning, as
well as being essential for the company if it plans to purchase
raw materials (such as PL, feed, ice) and contracting specific
services (such as transportation). Since GR and OP are
related to the marked volumes of the product during a given
accounting period, and as an IP-based enterprise tends to
produce a smaller amount of shrimp per unit of cultivated
area than that of a CP farm, the results obtained in the present
study were already expected. What is essential, at a time
when IP in shrimp farming is still something only conceptual,
is that the analyses have shown that an integrated enterprise
would be potentially profitable and viable.

Regarding PB, in both ventures analysed, the return
on invested capital occurred in the first year. According to
Bhandari KP, et al. [80] the best scenario or project is the
one that presents the lowest PB. Thus, under the conditions
presented in this article, both CP and IP proved to be viable
alternatives for the cultivation of shrimp in Brazil. Brito S,
et al. [81] evaluated the economic and financial feasibility of
adaptations in two shrimp farms, with 3 and 10 ha of semi-
intensive shrimp ponds, located in the Brazilian Northeast,
to meet the requirements of ISO 9000 and ISO 14000. For
the venture with 3 ha, the PB was estimated to occur in 0,85
years. For the enterprise with 10 ha, the PB was calculated to
occur in 2 years. Similarly, Rego MAS, et al. [24] evaluated the
financial viability of the insertion of Bioflocs technology (BFT)
in a conventional shrimp farm in the State of Pernambuco,
Brazil, and observed a PB of 0.83 years for the conventional
shrimp farm and 3.96 years for the BFT farm.

The benefit-cost ratio (B/C) was estimated at 1.66 for CP
and 1.23 for IP, which means that, for each dollar invested,
CP would generate USD 1.66 of revenue and IP USD 1,23.
The B/C ratio for both scenarios, when evaluated practically
and within the limits identified by Da Silva LAC, et al. [82]
analysed the average viability of shrimp farming in the state
of Cear3, Brazil, and varied from 1.62 to 1.30. In a comparison,
to understand the meaning of these values, Caldasso LP, et al.
[83] assessed the viability of sole (Solea vulgaris) fishing in
the South of Brazil and found a negative benefit-cost ratio of
USD 0.48.

The IRR is a relative measure—expressed as a
percentage—which, according to Peres FC, et al. [65] shows
how much a given investment yields during the fixed analysis
horizon. The estimated IRR for the CP was 35%, whereas it
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was 7% for the IP. In both cases, the calculated IRR is higher
than the interest rate considered (3.5%) herein, and both
simulated scenarios would be economically feasible in the
long term. The viability of the CP would only be compromised
ifthe interestrate were higher than 35%. In turn, the IP would
become impracticable if the rate of interest considered was
higher than 7%. However, this value is currently close to the
interest rate equivalent to the referential rate of the Special
Settlement and Custody System (known as the ‘Brazilian
basic interest rate’) for federal securities. The interest rate
practised in Brazil is considered one of the highest in the
world, which certainly discourages productive investments.
Rego MAS, et al. [24] evaluated the financial feasibility of
the insertion of the BFT in a conventional shrimp farm in
the state of Pernambuco, Brazil, and found a favourable
IRR for both systems. However, as in this study, where the
PC presented an IRR 5 times higher than that of the IP, the
cited authors calculated that the IRR of the CP was 4.5 times
greater than that obtained with the BFT.

Figure 2 represents, in a schematic way, the imbalances
currently existing between the different thematic areas that
make up the productive sector of Brazilian shrimp farming
and the necessary balance between them, which could be
achieved through IP. Therefore, the economic and technical
aspects stand out prominently in national shrimp farming, to
the detriment of sanitary (or biosafety), environmental and
social aspects.

Figure 2: Schematic comparison between the equilibrium
of the areas composing Conventional Production - CP (real)
and Integrated Production - IP (hypothetical) in Brazilian
shrimp farming. Areas with the most significant force
(larger slices) and areas of greatest threat (smaller slices)
are identified for the CP. In the IP, the balanced distribution
(slices of the same size) indicates a more sustainable
activity.
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In economic and financial studies, the risks,
uncertainties, and future benefits of a particular project
should also be considered before an investment is chosen
for capital investment [84,85]. In this sense, when compared
with CP, IP almost certainly will help in reducing the risks
and uncertainties associated with the cultivation of marine
shrimp in Brazil. For example, in food production in general
(and shrimp farming doesnottend tobe different), traceability
Bezerra AC, et al. [86] and the control and standardisation
of data and the productive, administrative and management
processes that exist throughout the production chain tend to
become a rule and not the exception [75]. Such procedures
facilitate proof of origin of products, the identification of
problems, correction of misused techniques, prevention
of risks, and a reduction in the losses and wastes that may
occur throughout the production process [87].

The regularization of the enterprise is another of the
direct benefits that could arise from the adoption of IP. As
discussed, the difficulties for environmental licensing, which
is one of the major challenges faced by most producers, is
considered a limiting factor for the development of shrimp
farming in Brazil [37]. The difficulties faced and the slowness
of the environmental licensing process mean that most
shrimp farms in Brazil are not licensed, which results in the
inability of producers and entrepreneurs to access financial
credits [4]. Since IP is supported by principles intrinsically
related to environmental care, labour and management
quality, its adoption would certainly bring efficiency to the
environmental licensing process [11]. With this, the risks
with fines and embargos of the enterprises can be minimised
and even avoided. Additionally, the social and environmental
gains provided by IP should be emphasised. By demanding
the radical reduction and rational use of pesticides and
fertilisers, IP reduces the exposure of the environment and
people to pollutants. The construction of facilities for the
correct storage of agrochemicals avoids environmental
accidents and improves the ergonomic conditions of labour
activity.

Notably, in the simulation carried out, social investments
were proposed, such as the schooling of employees, and in
provision of facilities that aim to improve working conditions,
such as canteens, adequate toilets and safety equipment
(PPE). All this contributes not only to reducing the risks of
pesticide intoxication and loss of workers to occupational
diseases but also creates more favourable conditions to the
work itself and greater identification of the worker with the
company.

Another point to be considered is that the current model
of conventional shrimp production in Brazil is sustained
by the robustness of the economic indexes of the activity.
However, in this model, under which entrepreneurs face ever
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more difficult control and mitigation of successively more
severe disease events, the lack of environmental regulation,
the high level of informality, and the impossibility of access
to credit lines are unlikely to be sustainable in the medium
and long term. Therefore, although the IP presents lower
economic and financial indicators than those of the CP, the
results obtained in this study do not indicate that it is not
feasible; in contrast, they indicate a path to be traced and
perfected. In this sense, the results may be useful as a starting
point for the reduction of economic differences between
conventional and integrated projects and for the feasibility
of integrated production in shrimp farming.
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