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INTRODUCAO GERAL

Atualmente, a sustentabilidade dos processos de producdo de alimentos
vem sendo debatida, especialmente no ambito ambiental. Na aquicultura, existe
essa preocupacao sobre as praticas sustentaveis para producdo de organismo
aquaticos, e como deve ser medida a sustentabilidade desta atividade. A
aquicultura é um dos setores produtores de alimentos que mais cresce no mundo
(DAVID et al., 2017a, 2017b; ENGLE, 2019). No Brasil, existe uma expectativa de
crescimento da producdo de peixes de 104% até 2025, atingindo 1.145.000
toneladas de peso vivo (FAO, 2016). Sdo Paulo é um dos estados de maior
destaque no pais, sendo o segundo maior produtor de peixes (PEIXE BR, 2019).
Neste cenério, a tildpia do Nilo (Oreochromis niloticus) é a principal espécie
produzida, representando quase 95% de todos 0s peixes cultivados no estado de
Séo Paulo (PEIXE BR, 2019).

A aquicultura ambientalmente sustentavel € baseada no uso racional dos
recursos naturais no processo de produgdo (GONCALVES, 2017). A principal
caracteristica da producdo sustentavel € assumir que a natureza € finita. Além
disso, cada geracéo deve deixar uma heranca de recursos naturais equivalentes
ou superiores ao que eles receberam para a proxima geracao (KIMPARA et al.,
2012; VALENTI et al., 2018). No entanto, as externalidades ambientais geradas
pelo ecossistema da aquicultura sdo uma preocupacdo para alcancar o
desenvolvimento sustentavel da atividade. Externalidades ambientais sdo os
impactos da producdo sobre terceiros que nao estédo diretamente envolvidos com
a atividade, podendo ser positivas ou negativas (MOTTA, 1997). Os seres
humanos ndo consomem todo o organismo cultivado. As partes restantes se
tornam residuos e sao descartadas. Assim, grande parte da energia e material
qgue é fornecida aos organismos cultivados estd incorporada nesses residuos
(BUENO et al., 2017; VALENTI et al., 2018). Também ha parte dos materiais e
energia que nao sdo incorporados pelo organismo. Um dos principais materiais é
a racéao utilizada. Esses materiais, que ndo séo incorporados, sdo absorvidos pela
biota natural associada a cultura, acumulada no sistema como sedimento ou

dispersa no ambiente circundante (DAVID et al., 2017a, 2017b). Portanto, o n&o
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gerenciamento dessas externalidades pode comprometer a sustentabilidade
ambiental dos ambientes aquéticos.

Medir a sustentabilidade dos sistemas utilizados, das técnicas de manejo
aplicados, e das novas tecnologias que estdo sendo geradas sdo essenciais para
alcancar uma aquicultura ambientalmente sustentavel (KIMPARA et al., 2012).
Nesse contexto, varios pesquisadores (ODUM, 1986, SCIENCEMAN, 1987;
REES & WACKERNAGEL, 1996; PAPATRYPHON, 2004; ADGER, 2000;
WARHURST, 2002; BOYD et al., 2007; VALENTI et al., 2018) tém apresentado
diferentes métodos para avaliar a sustentabilidade como: analise do ciclo de vida,
andlise emergética, pegada ecoldgica, indicadores de sustentabilidade e anélise
de resiliéncia, que sdo os métodos mais usados para medir a sustentabilidade da
aquicultura (KIMPARA et al., 2012). Dentre esses, destaca-se o método de grupo
de indicadores de sustentabilidade, formulado especificamente para a aquicultura
(VALENTI et al., 2018).

Os indicadores de sustentabilidade ambiental (ISA) podem ser utilizados no
gerenciamento de externalidades ambientais (VALENTI et al., 2018). Os
indicadores fornecem valores que simplificam um fendmeno mais complexo e
resumem as caracteristicas de um sistema de maneira simplificada. Esses séo
combinados em um indice que pode ser usado na comparacdo de diferentes
sistemas ou no mesmo sistema ao longo do tempo (VALENTI et al., 2018). Essa
ferramenta permite fazer projecbes de curto prazo, apresenta novas solugcdes
para resolver os problemas atuais e ajuda a melhorar a sustentabilidade da
aquicultura (NESS et al., 2007; PROENCA, 2013).

No entanto, é necessario adaptar e padronizar essa ferramenta, 0s
indicadores de sustentabilidade, para diferentes modalidades e situagbes da
aquicultura. A padronizacdo permitira realizar uma comparacdo e gerar um
produto, que seja aplicavel e auxilie os tomadores de decisdo. Isto pode ser
realizado por meio do processo de benchmarking, o qual consiste em comparar o
desempenho de uma organizacdo com outros grupos ou padrfes aceitaveis
(GIACOMINI, 2008; MCDOUGAL, 2012). Essa funcédo serve para identificar os
pontos fortes e fracos de uma operacdo, melhorando resultados ou desempenho

de forma incremental ao longo do tempo (MCDOUGAL, 2012).
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Portanto, estudos que permitem avaliar o benchmarking da
sustentabilidade ambiental, utilizando informagbes obtidas por meio dos ISA,
podem auxiliar os gestores na avaliacdo de diferentes cenarios para calcular a
eficiéncia da producado. Diante do exposto, 0 objetivo deste trabalho consistiu na
aplicacao dos ISA para avaliar o benchmarking de sustentabilidade ambiental de
fazendas comerciais com diferentes escalas de produgéo de tilapia do Nilo
(Oreochromis niloticus), criadas em barragens e reservatorios no estado de Sao

Paulo.

Dessa forma, a abordagem do benchmarking ambiental se tornar4d um
padrdo que podera orientar gerentes, produtores e agéncias ambientais no
planejamento e gestdo de empresas aquicolas, visando o desenvolvimento de

uma aquicultura sustentavel e responsavel.

Essa dissertacao foi redigida sob a forma de artigo cientifico. As citacfes e
referéncias foram formatadas de acordo com as normas do periédico Ecological

Indicators, ao qual pretendemos submeté-lo apds a defesa.
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RESUMO

O benchmarking € um processo que permite comparar empresas e Seus
processos visando identificar oportunidades de melhoria e estratégias para atingir
determinado objetivo. Neste contexto, foi aplicado indicadores de sustentabilidade
ambiental (ISA) para avaliar o benchmarking ambiental de fazendas comerciais
com diferentes escalas de producdo da tilapia do Nilo (Oreochromis niloticus),
criadas em represas e reservatérios nas regibes do Vale do Ribeira e
Paranapanema, estado de S&o Paulo. O estudo foi realizado em quatro
pisciculturas (A, B, C e D) com escalas de producéo de 9,5 a 150 toneladas por
ano. Foram monitorados trés lotes em cada fazenda, durante um ciclo de
producdo, com duracBes variando entre 189 a 263 dias, totalizando doze
unidades amostrais de O. niloticus. Durante o cultivo, foram coletadas amostras
de agua, sedimentos, peixes, racdes e gases de efeito estufa que foram utilizadas
para calcular os ISA. Estes foram divididos em cinco critérios: uso de recursos
naturais; eficiéncia no uso de recursos; liberacdo de poluentes e subprodutos nédo
utilizados no meio ambiente; poluentes acumulados no fundo do corpo d'agua;
conservacao da diversidade genética e da biodiversidade. Cada ISA foi convertido
em uma escala de performance. Os dados dos ISA junto com dados da literatura
foram usados para desenvolver um valor de “referéncia” para cada ISA,
permitindo a realizacdo do benchmarking ambiental. As propriedades que
alcancaram os melhores indices de sustentabilidade ambiental foram as fazendas
B e C (82), o pior indice foi a fazenda D (70) e a fazenda A obteve o indice 76. A
fazenda C foi influenciada pelo uso de energia, nitrogénio, fosforo e carbono, que
foi em média 17% menor em relagdo as outras fazendas, e pela maior eficiéncia
no uso de nitrogénio e fésforo (32,7% e 23,6%, respectivamente). A fazenda B foi
influenciada pelo menor acumulo de fosforo e matéria organica (1 e 90 kgft,
respectivamente). A fazenda D foi influenciada pelos altos niveis de fésforo e
matéria organica acumulados (10 e 723 kg/t, respectivamente). O uso do ISA foi
adequado para realizar o benchmarking ambiental e permitiu atingir um valor de
referéncia para os principais ISA. O benchmarking demonstrou ser eficiente com a
utilizacdo dos ISA para alcangar uma aquicultura mais sustentavel.

PALAVRAS-CHAVE: aquicultura, benchmarking, indicadores ambientais, tanque-
rede, sustentabilidade ambiental.
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ABSTRACT

Benchmarking is a process that allows comparing companies and their processes
to identify improvement opportunities and strategies to achieve a certain goal. In
this context, environmental sustainability indicators (ESI) were applied to assess
the environmental benchmarking of commercial farms with different Nile tilapia
(Oreochromis niloticus) production scales, created in dams and reservoirs in the
“Vale do Ribeira” and Paranapanema regions, state of Sdo Paulo. The study was
conducted in four fish farms (A, B, C and D) with production scales from 9.5 to 150
tons per year. Three batches were monitored on each farm during a production
cycle, with durations ranging from 189 to 263 days, totaling twelve sample units of
O. niloticus. During cultivation, samples of water, sediment, fish, feed and
greenhouse gases were collected and used to calculate the ESI. These indicators
were divided into five criteria: the use of natural resources; efficiency in the use of
resources; release of pollutants and unused by-products to the environment;
pollutants accumulated on the bottom of the water body; conservation of genetic
diversity and biodiversity. Each indicator was converted into a performance scale.
Data of ESI obtained from each evaluated farm and the literature review were
used to develop a “standard” value, allowing performing the environmental
benchmarking of the farms. The farms that achieved the best environmentally
sustainable indexes were farms B and C (82), the worst was farm D (70), and farm
A achieved the index 76. Farm C was influenced by the use of energy, nitrogen,
phosphorus, and carbon, which was on average 17% lower than the other farms,
and by the highest efficiency in the use of nitrogen and phosphorus (32.7% and
23.6%, respectively). Farm B was influenced by the lowest accumulation of
phosphorus and organic matter (1 and 90 kg/t, respectively). Farm D was
influenced by the high levels of accumulated phosphorus and organic matter (10
and 723 kglt, respectively). The use of ESI was adequate and effective to apply
the environmental benchmarking and allowed to achieve a reference value for the
main ESI of Nile tilapia farms in reservoirs and dams. The environmental
sustainability index and benchmarking have proven to be the way to use ESI to
achieve more sustainable aquaculture.

KEY-WORDS: aquaculture, benchmarking, environmental indicators, net-cage,
environmental sustainability.
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1.INTRODUCTION

Nowadays, there is an on-going and considerable debate over
environmental sustainability, mainly related to food production. On aquaculture,
there is also this concern over what environmental sustainable and responsible
managed aquaculture is, and how it should be measured. Aquaculture is one of
the fastest-growing food-producing sectors in the world (DAVID et al., 2017a,
2017b; ENGLE, 2019). In Brazil, there is an expectation of growth in fish
production of 104% up to 2025, reaching 1,145,000 tonnes live weight (FAO,
2016). The state of Sdo Paulo is highlighted for being the second-largest fish
producer in the country (PEIXE BR, 2019). Nile tilapia (Oreochromis niloticus) is
the main species produced, representing almost 95% of all fish cultivated in the
state (PEIXE BR, 2019).

Environmentally sustainable aquaculture is based on the rational use of
natural resources in the production process (GONCALVES, 2017). The main
characteristic of sustainable production is to assume that nature is finite. Besides,
each generation should leave an inheritance of natural resources equivalent to or
greater than the one that they received for the next (KIMPARA et al.,, 2012;
VALENTI et al.,, 2018). However, the environmental externalities generated by
aguaculture ecosystem are a concern for achieving sustainable development of
the activity. Environmental externalities are the positives and/or negatives impacts
of production on third parties that are not directly involved with the activity
(MOTTA, 1997). Humans don’'t consume the whole farmed organisms. The
remaining parts become waste and are discarded. Much of the energy and
material that are provided are not incorporated by the reared organism and are
embodied in these wastes (BUENO et al., 2017; VALENTI et al., 2018). One of the
main materials used is the feed, which is not fully incorporated by the farmed
organism and is absorbed by the natural biota associated with the culture,
accumulated at the system as sediment, or dispersed to the surrounding
environment (DAVID et al., 2017a, 2017b). Therefore, failure to manage these
externalities can compromise the environmental sustainability of aquatic

environments.
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Measuring the sustainability of the systems used, of the management
techniques applied, and of the new technologies that are being generated are
essential to achieve environmentally sustainable aquaculture (KIMPARA et al.,
2012). In this context, several researchers (ADGER, 2000; BOYD et al., 2007;
ODUM, 1986, 1988; PAPATRYPHON, 2004; REES & WACKERNAGEL, 1996;
SCIENCEMAN, 1987; VALENTI et al.,, 2018; WARHURST, 2002) are using
different methods to evaluate the sustainability. Life-cycle assessment, emergy
analysis, ecological footprint, sustainability indicators, and resilience analysis are
the most used methods to measure aquaculture sustainability (KIMPARA et al.,
2012). Among them, the group of sustainability indicators was formulated

specifically for the aquaculture systems (VALENTI et al., 2018).

Environmental sustainability indicators (ESI) can also be used in the
management of environmental externalities (VALENTI et al., 2018). Indicators
provide values that simplify a more complex phenomenon and summarize
characteristics of a system in a simplified way. These indicators are combined into
an index that can be used in the comparison of different systems or the same
system over time (VALENTI, 2008; VALENTI et al., 2018). This tool allows making
short-term projections, introduces new solutions to solve current problems and
helps to upgrade the aquaculture sustainability (NESS et al., 2007; PROENCA,
2013).

However, it is necessary to adapt and standardize this tool, i.e.
sustainability indicators, for different aquaculture modalities and situations.
Standardization is going to allow the comparison and the generation of a product,
which is applicable and helps the decision-makers. This can be accomplished
through benchmarking. Benchmarking is the act of comparing an organization's
performance to other groups or acceptable standards (GIACOMINI, 2008;
MCDOUGAL, 2012). This function serves to identify the strengths and
weaknesses within an operation, improving results or performance incrementally
over time (MCDOUGAL, 2012).

Thus, studies that allow environmental sustainability benchmarking, using
information obtained through ESI, can assist managers with the evaluation of
different scenarios to appraise the production efficiency. In light of the above facts,
the objective of this work was to apply environmental sustainability indicators to

10
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evaluate the environmental sustainability benchmarking of commercial farms with
different production scales of Nile tilapia (Oreochromis niloticus), raised in dams
and reservoirs in the state of Sdo Paulo. In this way, benchmarking will become a
standard that can guide managers, producers, and environmental agencies on
planning and aquaculture enterprise management, aiming for the development of

sustainable and responsible aquaculture.
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5.CONCLUSIONS

Through the environmental sustainability index was possible to conclude
that the farms B (medium-scale) and C (small-scale) were the most
environmentally sustainable. The use of indicators and index are adequate and
effective to evaluate the environmental sustainability benchmarking in aquaculture.
The main aspects of the system were detected, identified and quantified. It was
possible to achieve a reference value for the main environmental sustainability
indicators of cultures of Nile tilapia in reservoirs and dams. With the demand for
methods to monitor and measure the sustainability of aquaculture in reservoirs,
mainly related to environmental impacts, this tool shows great potential to meet
this demand. Environmental benchmarking is a way to develop a process of
constant improvement. In this way, the farms can learn with what has been done

and reduce the impacts on the environment.

The environmental sustainability index and benchmarking have proven to
be the way to use ESI to achieve more sustainable aquaculture. It can be an
important management tool for aquaculture certification programs due to the
development of reference values for the indicators. The application of this tool can
improve the safety of the growth of aquaculture, once that it establishes a
continuous improvement of the production with the decrease of the environmental
impact. This decrease creates the prosperity of the enterprise, once that the use of

the main limiting factor (natural resource) becomes increasingly efficient.

However, reliable and systematic reference indicators are required for the
application of benchmarking tools. It is necessary to increase the number of
enterprises that were used to achieve these averages for each indicator. In this
way, the numbers obtained are going to become more reliable to the reality of
production in Brazil or worldwide. Nevertheless, the methods to collect this data
need to be enhanced so that they can be more accessible, and also more efficient
and able to apply more constantly. The use of monitoring sensors can be an
alternative to improve the use of this tool by creating big data to improve the
accuracy of the indicator reference values. But the cost of sensors may be a

limiting factor for their use. Studies to develop more effective techniques of data
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collection and processing of this data need to be developed, to make
benchmarking more accurate and achieve the best performance of this tool.
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