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RESUMO 

O rápido crescimento da aquicultura pode acompanhar muitos problemas 

econômicos, sociais e ambientais. Nesse sentido, muitos sistemas, modelos e 

técnicas de produção têm sido criados e utilizados para gerenciar o uso dos 

recursos, diminuir os impactos negativos e tornar a aquicultura uma atividade 

mais sustentável. No entanto, não se sabe quais desses métodos é realmente 

sustentável. Sendo assim, o objetivo desse trabalho foi fazer uma revisão sobre o 

uso da síntese emergética para mensurar a sustentabilidade na produção 

aquícola. Além de aplicar este método para identificar as contribuições advindas 

da natureza e da economia no sistema de produção de tilápias em tanques-rede; 

e avaliar se o uso do perifíton como alimento complementar e a redução da 

densidade de estocagem melhoram os indicadores de sustentabilidade deste 

sistema. Para isso, foram avaliados e comparados um sistema com densidade de 

estocagem de 80 kg.m-3, 100% de alimentação, sem substrato e sem perifíton; um 

segundo sistema que utilizou a mesma densidade de estocagem de 80kg.m-3, 

50% de alimentação, com substrato e perifíton; e um terceiro com menor 

densidade de estocagem (40 kg.m-3), 50% de alimentação, com substrato e 

perifíton. Para avaliação emergética foram calculados a renovabilidade, 

transformidade, razão de rendimento emergético, razão de investimento 

emergético, razão de carga ambiental, razão de troca emergética e índice de 

sustentabilidade emergética. A diminuição da densidade de estocagem de peixes 

e da quantidade de ração, aliadas ao uso de perifíton, melhoraram todos os 

indicadores de sustentabilidade avaliados. Apesar dessa melhora, a redução na 

densidade demonstrou baixa produtividade. O estudo mostra que técnicas que 

visem aumentar o uso de recursos renováveis e diminuir os da economia devem 

ser incentivadas na produção de tilápias em tanque-rede, tornando evidente a 

necessidade de políticas públicas que incentivem o uso de sistemas sustentáveis.  

PALAVRAS-CHAVE: emergia, perifíton, densidade, ração, sustentabilidade. 



Mestrando Luiz Henrique Castro David  Orientadora Fabiana Garcia Scaloppi 

 

 

 

7 
CAUNESP 

 

 

 

ABSTRACT 

The rapid growth of aquaculture may be accompanied by several economic, social 

and environmental problems. In this sense, many production systems, models and 

techniques have been created and used to manage the use of resources, reduce 

negative environmental impacts, thus making aquaculture a more sustainable 

activity. However, it is not known which production systems and management 

practices are truly sustainable, even though the development and application of 

these technologies are fundamental for the sustainability of the activity. Therefore, 

the objective of this study was to review the emergy synthesis to measure 

sustainability in aquaculture production. Despite applying the emergy analysis to 

identify the contributions of nature and economy in a tilapia cage farming and 

evaluating if the periphyton exploitation as a complementary food source and a 

way of reducing stocking densities improves the sustainability indicators of this 

system. For this purpose, a system with a 80 kg m-3, 100% of feed, without 

substrate and without periphyton was compared with two other systems: one with 

the same stocking density of 80 kg m-3 and 50% of feed with substrate and 

periphyton and a second one with a lower stocking density (40 kg m-3) and 50% of 

feed, substrate and periphyton. For the emergy synthesis, the following variables 

were calculated: renewability, transformity, emergy yield ratio, emergy investment 

ratio, environmental loading ratio, emergy exchange ratio and emergy 

sustainability index. Reduced stocking densities and feed supply, together with the 

use of periphyton, improved all the evaluated sustainability indicators. Despite this 

improvement, reduced densities did not demonstrate ecosystem efficiency, due to 

low productivity rates. This study showed that techniques that aim to increase the 

use of renewable resources and reduce economy ones, must be encouraged in 

tilapia productions in cages, making the need of public policies evident, which 

motivate producers that adopt more sustainable production systems. 

KEYWORDS: emergy, periphyton, density, feed, sustainability.
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1. Introduction 1 

Consumption of aquatic food has increased in recent years, driven by population 2 

growth and increased preference for healthy animal protein sources (Moura et al., 3 

2016). However, fisheries continue providing constant amount of fish and have failed in 4 

supply the growing human demand. This scenario has resulted in a rapid growth of 5 

aquaculture, making this activity the fastest growing agricultural practice in the last 6 

decades (FAO, 2016). In addition to this increase, there are many concerns about the 7 

future of aquaculture production, especially in regarding to the negative environmental 8 

impacts that this activity may cause (Henriksson et al., 2017; Nhu et al., 2016). 9 

Depending on the aquaculture system adopted, the cultivation of aquatic organisms can 10 

use natural resources irresponsibly and interfere in the maintenance of biodiversity, 11 

through eutrophication of water bodies, pollution by drug residues and dissemination of 12 

diseases in the natural environment (Asche et al., 2009; Ottinger et al., 2016; Fry et al., 13 

2016). On the other hand, aquaculture can also generate impacts that can positively 14 

affect the environment, e.g. ecosystem services promoted by aquaculture (Aubin et al., 15 

2014). Ecosystem services are made available when the productive process is used to 16 

improve the ecosystem, for example, the bivalve farming that improve water quality or 17 

the application of wetlands for effluent treatment (Travaini-Lima and Sipaúba-Tavares, 18 

2012; McDonough et al., 2014; Lemasson et al., 2017; Han et al., 2017). 19 

The monetary valuation of the impacts generated by aquaculture is included in 20 

the concept of externalities (Aubin et al., 2014). Externalities can be defined as the 21 

positive or negative effects of a decision on those who have not taken part of the 22 

decision. In aquaculture, positive externalities can be considered when people 23 

involuntarily benefit of the activity, such by jobs generation and financial market 24 

movement (Aubin et al., 2014). Negative externalities include water pollution and loss 25 

of biodiversity, for example (Aubin et al., 2014; Walton et al., 2015; Villasante et al., 26 

2015). In this sense, public and private institutions are trying to promote and develop 27 

sustainability of aquaculture, ensuring the maximization of positive externalities 28 

(Alexander et al., 2016) and reducing the negative impacts of the activity. 29 

Many definitions for sustainability are found in the literature (Glavic and 30 

Lukman, 2007; Ahi and Searcy, 2013). For Johnston et al. (2007) and Valenti et al. 31 

(2011), the sustainability can be defined as the management of natural, financial, 32 

technological and institutional resources, in order to ensure the welfare and supply the 33 



Mestrando Luiz Henrique Castro David  Orientadora Fabiana Garcia Scaloppi 

 

CAUNESP 
11 

needs of present and future generations. Some aquaculture systems, models and 1 

production techniques have been created and used to manage the use of resources and 2 

reduce negative impacts on the environment (Boyd et al., 2007). However, many of 3 

these initiatives are not based on the concept of sustainability, but on the adoption of 4 

specific actions to improve the efficiency of the systems and legalize the production 5 

models, such as Best Management Practices (BMP). The use of these practices leads 6 

aquaculture to sustainability, but both should not be confused. Some BMPs, such as the 7 

reduction on the need for water or medicines, cannot make the production sustainable, 8 

especially if is necessary a higher input of non-renewable resources to achieve these 9 

desirable results (Read and Fernandes, 2003; Valenti et al., 2010). 10 

The application of BMPs in production systems is essential to the aquaculture 11 

development, however not yet known which of these practices lead the aquaculture to 12 

sustainability (Valenti et al., 2011). This is because sustainability theme in aquaculture 13 

is recent and there are few research groups dedicated to applying methods of 14 

sustainability analysis in their studies (Hau and Bakshi, 2004; Chen et al., 2017), even 15 

though assessment methods are essential to indicate actions that will make aquaculture a 16 

sustainable activity (Valenti et al., 2011; Kimpara et al., 2012). The low use of these 17 

methods and the disorderly growth of the activity generate many incorrect management 18 

and inefficient environmental protection laws, which do not contribute to the effective 19 

development of aquaculture (Boyd, 2003).  20 

Studies that measure the sustainability of aquaculture production are essential to 21 

generate more efficient and ecological systems and consequently new technologies 22 

(Valenti et al., 2010; Garcia and Kimpara, 2012). In this sense, there are methods that 23 

can be applied to show the strengths and weaknesses of each system, besides indicating 24 

strategies of how to improve them (Fezzardi et al., 2013). Among the methods 25 

available, the emergy synthesis (Odum, 1996) stands out to be a flexible and 26 

scientifically robust method. This method can be applied in aquaculture to provide 27 

concrete information for decision-making and guide the activity to sustainability (Garcia 28 

et al., 2014). In this sense, it is necessary to know the overview of applicability of 29 

emergy synthesis in aquaculture, to direct future studies and propose practical strategies 30 

for the sustainable development of aquaculture. Thus, the aim of this review was to 31 

characterize the emergy synthesis and to discuss the main applications and potentialities 32 

of its use in aquaculture systems. 33 



Mestrando Luiz Henrique Castro David Orientadora Fabiana Garcia Scaloppi 

CAUNESP 
29 

6. Conclusion1 

The set of information provided by ES supplies technical-scientific subsidies to2 

ensure the planning and adoption of more sustainable production systems in order to 3 

ensure the success of long-term activity. The results of using ES to assess aquaculture 4 

sustainability indicate the need to increase the use of renewable resources using natural 5 

food and integrated production system. In addition, the results of this method allow 6 

discussions about public policies for aquaculture and the valuation of natural resources. 7 

These strategies can be part of sustainability guidelines in fish production, because they 8 

promote the welfare of the community, the environment and the local economy.  9 

10 
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