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Preface 
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capitalism. (Pesqueux, 2009, p.2) 
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students. Lastly but not least, I would like to thank my family that has always 

been there for me and of course GOD. Only our faith to GOD can lead us in 

the right path. 

 

 

                                                              Christos Chrysochoou, 
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Abstract  

To be able to satisfy current society’s needs without compromising future 

generations to satisfy their needs, is the key to sustainability. Many old 

practices and methods have had negative impact on the environment, 

including food production & cultivation activities with aquaculture being one 

of them. A growing population and environmental pollution, demand new 

technologies to be developed, to ensure food supply but also not to harm the 

environment at the same time. Such technologies have been developed the last 

decades allowing for indoor farming of aquaculture species including shrimp. 

Shrimps are popular all over the world and their demand is continuously 

increasing. This thesis focuses on two different technologies that primarily aim 

to grow shrimps in the most effective way with reduced demand of natural 

and chemical resources considering sustainability. One technology is Biofloc, 

and the other is the Recirculated Aquaculture System (RAS). A multicriteria 

Decision Analysis (MCDA) will take place in this thesis to compare the two 

alternative technologies based on a few criteria. The criteria used, derive from 

two categories, operational and environmental, and this thesis aims to 

understand the pros and cons of each technology with respect to sustainability.  
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1 Introduction 

Aquaculture is defined as the farming of aquatic animals which includes fish and 

crustaceans among other as well aquatic plants such as algae. Aquaculture could 

refer to freshwater, sea water, brackish water, and inland saline water farming. In 

2018, the global aquaculture market reached market high of 114.5 million tonnes of 

production in live-weight volume equal to $263.6 Billion USD dollars. Asia 

produced about 84.6% of the total global production (Food and Agriculture 

Organization of the United States, 2022). 

Fish is vital component of a nutritious diet in many countries around the globe. Fish 

and associated food products are considered as healthy, compared to other foods 

with less environmental impact. Fish industry provided around 3.3 billion people 

with 20% of their average per capita intake of animal protein. In 2017, fish supplied 

about 17% of total animal protein and 7% of all proteins worldwide. About 35% of 

fisheries and aquaculture production is either wasted or lost (The Fish Site, 2022). 

Aquaculture in EU supplies apx 20% of fish and shellfish demand in the EU and 

employees about 70,000 people among 15,000 enterprises. Of that, 45% refers to 

shellfish, 30% refers to marine fish and 20% refers to freshwater aquaculture 

(European Commission Oceans and Fisheries, 2022). 

There are different systems and methods of aquaculture that have been used from 

human activities to produce sea food. The most commons ones include Flow-

Through Systems (inland farming), Open cage systems (Mariculture), Pond 

Systems, Raceways and Suspended Aquaculture among others. There are also 

various negative environmental impacts among different aquaculture methods such 

as nutrient build up which is mainly common in open-water aquaculture activities 

(mariculture), transmission of disease, antibiotics contamination, energy use in feed 

production, use of freshwater resources, acidification of soils, pollution of drinking 

water and introduction of invasive species among others (Wreglesworth, 2022). 
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1.1 Aquaculture in Europe 

Aquaculture production in Europe is primarily sourced by marine activities and 

contributes to about 3% of the global production (European Environmental Agency, 

2021). The aquaculture production in Europe has been increasing since 1990’s due 

to the growth of marine production since freshwater-inland productions has not 

seen any major increase. The major contributor of the marine production is because 

of the salmon farming in Norway. The period between 2002 and 2015, marine 

aquaculture has increased by 60%. Aquaculture in EU is focused on Norway farming 

focusing on salmon, mussels, sea bream, sea bass and trout amongst others. The 

major contributors in the European aquaculture production are Norway with 

around 46%, and with France, Italy, Spain, Turkey, and Greece. These countries 

are contributing together about 90% of the total European aquaculture production. 

Norway is focused on Atlantic salmon and Turkey on inland trout and marine 

seabass. The high marine production indicates the potential environmental impact of 

marine aquaculture activities that may directly affect the surrounding ecosystems. 

Fish aquaculture can have negative impact to the ecosystem for various reasons such 

as chemical use that can have several consequences such as reducing phytoplankton 

availability to fish (European Environmental Agency, 2021). 

1.2 Environmental Impact in Aquaculture Production 

Aquaculture activities have the reputation of creating various environmental, social, 

and economic problems as result of human practices. The main negative impacts are 

presented below (Martinez-Porchas & Martinez-Cordova, 2012). 

Mangrove forest are vital component of the ecosystem providing the majority of the 

organic matter to the coastal zone. They also play the role of nurseries for several 

aquatic species as well as nesting areas for birds and reptiles and different other 

species. Mangrove forests protect coastal erosion, assist local fisheries, promote 

marine productivity and offer different ecosystem services that protect the 

environment. Only between 1980 and 2000, the mangrove area has decreased from 

20 million hectares to below 15 million. The annual deforestation rate between 

1980 to 1990 was 1.7% and from 1990 to 2000 about 1%. Scientists claim that 

aquaculture is the main reason of the deforestation of millions of mangrove forests in 

Thailand, Indonesia, Ecuador, and Madagascar ((Martinez-Porchas & Martinez-

Cordova, 2012). Between 1975 and 1993, the development of shrimp farms in 

Thailand vanished the mangrove area from 312,700 hectares to 168,683 hectares. 

Philippines diverted 205,523 hectares of mangrove forest to aquaculture farms, 

Indonesia 211,000 hectares, Vietnam about 102,000 hectares, Bangladesh 65,000 

hectares and Ecuador 21,600 hectares (Martinez-Porchas & Martinez-Cordova, 

2012).  
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Aquaculture farms are abandoned by multiple problems leaving poor conditions on 

the soil including high acidity. These soils can’t be utilized for agricultural activities 

and remain unused for longer time. The use of chemicals also contribute negatively 

to the soil and change its physicochemical properties aggravating the problem 

further (Martinez-Porchas & Martinez-Cordova, 2012). 

Non consumed feed, overfertilization and degradation of dead organisms in 

aquaculture farms can cause the phenomenon of eutrophication or organic 

enrichment of water. Only 20 to 50% of the distributed total nitrogen to the 

cultured animals is taken up as biomass, where the rest is integrated into the water 

ways or soil. The extra nitrogen will sooner or later continue its way to the 

receiving water bodies and ecosystems creating different problems such as 

phytoplankton and toxic algae blooms but also malodors. How big or small the 

environmental impact will be, it depends on various reasons such as the density of 

microorganisms (intensification) of the system that is strictly connected to the 

feedstock supply. A good indicating factor of the feeding efficiency that shows the 

retention of nutrients such as carbon and nitrogen in the form of biomass is the feed 

conversion rate (FCR). Shrimp farms that grow for example Penaeus monodon 

cultures have reported the FCR varies between 1-2.5. This difference will be 

reflected in the quantity of organic load discharged into the natural environment 

where nitrogen and phosphorus quantities will be exposed into various water 

bodies. These variations occur between 500 to 1625kg for the organic matter, 26 to 

117kg for nitrogen and 13 to 38kg respectively, for each ton of harvested shrimp. 

The expected average FCR in global scale for shrimp is 1.8, so for an annual 

production of 5 million tons, 5.5 million tons of organic matter, 0.36 million tons 

of nitrogen and 0.125 million tons of phosphorous are discharged back to the natural 

ecosystem per annum. This data is focused on shrimp production which represents 

8% of the total annual global production. High concentrations of certain chemical 

compounds such as N, P, C as result of fertilization and mineralization of organic 

matter among others. However, the biggest concern is the presence of ammonia 

which can become toxic under circumstances (Martinez-Porchas & Martinez-

Cordova, 2012). 

Another biological contamination example is the introduction of exotic species on 

the native populations that compete for food with domestic species and spread 

diseases (Martinez-Porchas & Martinez-Cordova, 2012). 
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1.3 Sustainability in Aquaculture Production  

Sustainable aquaculture is defined as the farming of fish species or seafood for 

commercial purposes aiming to profit and has either positive or zero negative impact 

to natural environment and ecosystems where in the meantime, it supports the local 

community. The aquaculture industry is one of the most growing industries of food 

products in the world (Burger, 2022). Due to its environmental impact, aquaculture 

sector market has attracted environmental groups and organizations that focus on 

finding sustainable solutions. For that reason, the United Nations Food and 

Agriculture Organization (FAO) has constructed the “FAO Code of Conduct for 

Responsible Fisheries” trying to establish sustainable guidelines for fisheries and 

aquaculture practices. Some environmental groups have worked with scientists and 

researchers to define properly the “sustainable aquaculture” (Burger, 2022). 

According to them, it is important the use of plant-based feeds instead of wild 

fishes. Sustainable aquaculture assumes no negative effects on wildlife and does not 

allow genetically modifies fish or feed. Sustainability also includes low risk of 

outbreaks and disease transmissions, does not utilize mangrove forests or other 

natural resources, and does not threat human health (Burger, 2022). 

Aquaculture is expected to dominate the seafood industry by 2030. Global seafood 

demand expands but wild fisheries reach their limits. Fish farming under 

responsibility circumstances can feed the global population that is expected to reach 

around 9 billion by 2050 (The World Bank, 2014). However, for an aquaculture 

farm to be sustainable there are some criteria that must be fulfilled, and these are 

presented below. 

Environmental sustainability: Aquaculture activities should not interrupt the natural 

environment and ecosystem or result to biodiversity loss. 

Economic sustainability: Aquaculture enterprise must be a profitable business. 

Social sustainability: Aquaculture enterprise must be responsible, support and 

contribute to the local community. 

Obviously, a sustainable aquaculture is a dynamic process as it depends on three 

aspects at the same time. However, the sustainability of an aquaculture farm strictly 

depends on species, location, knowledge, and technology among others (The World 

Bank, 2014). 
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According to the Ocean Foundation, sustainable aquaculture could be the solution 

to a growing human population. Today, 42% of the global seafood consumption is 

coming from farms, however there are significant “bad” and unsustainable practices 

taking place in the aquaculture industry. For example, overfishing or catching wild 

fish to feed farmed fish is a common unwanted practice. Another example of the 

need of sustainable measures on aquaculture, is the fact that contributes waste to the 

ocean and hence it is responsible for environmental pollution. Also, global wild 

caught seafood availability declines and approximately 170 billion pounds of wild 

fish and shellfish is caught on an annual base. So, aquaculture becomes a vital 

component to the global food security and its sustainability is very important.  

In terms of sustainability for aquaculture farming, there are various methods that are 

common. These methods include closed-system technologies, re-circulating tanks, 

raceways, and flow-through systems. In such systems different types of seafood can 

be produced and the key idea is to treat the water prior to its discharge (if any) back 

to the environment (The Ocean Foundation, 2022). 

Many suggestions and policies have been developed to promote sustainability in the 

aquaculture industry. The main goal with sustainability focuses on the right selection 

of species and farming locations, installation, and integration of hi-tech systems, 

improve feeding methods, integration of state-of-the-art bioremediation systems, 

compliance with sustainability guidelines and research & development (R&D). 

Aquaculture industry have created different environmental problems, but with the 

suggestion presented above, it is expected to improve the industry and provide a 

sustainable approach on aquaculture activities (Martinez-Porchas & Martinez-

Cordova, 2012).  

1.4 Land-Based Aquaculture Farming 

Through years of field research and extensive studies, scientists realized that in 

open-water aquaculture farms there is pollution generated impacting the 

environment but also spreading diseases among the farmed fish and to wildlife 

(Kliger, 2022). It has been shown that 80% of the open-water salmon Atlantic farms 

have been infected from Piscine Reovirus (PRV) (Kliger, 2022). Hence there has 

been a push to find alternative practices that mitigate the environmental impact and 

provide overall sustainable seafood production. These companies use flow through 

systems applying various technologies that utilize the available space in the land 

instead of the open water and use tanks to grow fish. Such a technology is the land 

Recirculated Aquaculture Systems (RAS) which filters and reuses the water from the 

fish tanks reducing drastically the water demand and consumption. RAS technology 

is considered as one of the key technologies helping the transition from open water 

to land based fish farms (Kliger 2022). 
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One very important difference between open water fish farming and land-based fish 

farming is that antibiotics is not required as everything occurs in controlled 

environment, but also the fact that the effluent water is not discharged untreated to 

a water body. The wastewater generated could be re-used, cleaned, and discharged 

following by-law and other environmental regulations when using RAS. Another 

interesting fact with land-based farms is that there is the potential for carbon sink 

production, and to use the organic waste as biomass for generating heat and 

electricity using an anaerobic digestion process (Moioli, 2020). 

The two most common closed loop systems are Biofloc, and RAS aiming to improve 

the water quality and reduce water consumption using circulation and filtering 

equipment. In Biofloc technology, it is possible to improve water quality while also 

supplying additional feed. However, carbohydrates are supplied externally to form 

organic solids that can be then eaten up by the shrimps. On the other hand, RAS is a 

hi-tech filtering system treating the water so it can be re-cycled and used again back 

in the system (Boston Consulting Group, 2019, pp.25-27). 

1.5 Multi Criteria Decision Analysis 

Multi-criteria decision analysis (MCDA) is a research area that includes the analysis 

of different available options under various circumstances on a research topic. This 

analysis allows the decision maker to perform an analysis based on preferences and 

conclude the best option. In this thesis MCDA is utilized to compare two alternative 

shrimp cultivation methods based on certain criteria (Baran-Kooiker et al., 2018). 

1.6 Master Thesis Case Study 

The main concept with this thesis is to understand and compare the two main 

methods of land-based indoor shrimp (aquaculture) production and conclude the 

most sustainable method according to certain operational and environmental criteria 

with respect to sustainability. The aquaculture refers to shrimp production of 

Litopenaeus vannamei (Pacific white shrimp), a cultivation in controlled 

environment and two methods are being compared: the Biofloc system and RAS 

system. 

1.7 Goals 

The goal of the thesis is to learn and understand the two most common land based 

indoor aquaculture methods in terms of operational and environmental impact. 

Sustainability is the new way of doing things and it is required to be integrated in 

people’s practices. This thesis uses operational and environmental criteria to 

compare these two methods inspired by sustainability to provide useful information 

and conclude to the best sustainable practice.  
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1.8 Limitations 

It has been challenging to gather information in terms of aquaculture operations, 

technology and analyze resources. One reason is due to different definition of the 

same meaning that create obstacles and the other is because in general the 

aquaculture industry follows practices based on experience and not necessarily 

always following recommendations from scientific studies. 
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2 Background 

Pacific white shrimp (Litopenaeus vannamei) belongs the Penaediae family and is 

also known as whiteleg shrimp or vannamei shrimp or Penaeus vannamei. This 

particular species originates from Southern America and its cultivation expanded 

worldwide and mainly in Asia in 1990’s and is the most common species cultivated. 

Pacific white shrimp is popular in Europe and its competitors are the black tiger 

shrimp, the Argentinian red shrimp among others (Ministry of foreign affairs, 2021) 

Nowadays about 80% of the global farmed shrimp production is coming from two 

particular species, the Pacific white shrimp (Litopenaeus vannamei) and the Giant 

tiger prawn (Penaeus monodon) and 55% of global shrimp production is coming 

from farms (WWF, 2022). 

According to the Euroshrimp Forum the main species farmed is the white tiger 

shrimp but there are other species produced in Europe such as Blue Shrimp 

(Litopenaeus stylirostris) and the Kuruma Shrimp (Marsupenaeus japonicus). There 

are 13 countries in Europe that together are producing 447 tons of shrimp per 

annum, but perhaps the production is more since some data is missing. 100 tons are 

produced in the UK, Germany 94 tons, Austria 68 tons, Switzerland 65 tons, 

Bulgaria 22 tons, Belgium and France 20 tons, Slovakia 4 tons and finally Latvia and 

Norway 2 ton. Lithuania and Sweden statistics are missing and not included in the 

European production. Of the 447 tons produced per annum in Europe, 250 tons 

(56%) are produced in farms that use RAS, 160 tons (37.5%) in farms that use 

Biofloc, 20% is produced in Aquaponics and the rest (8%) is where BioRAS is used 

(last 1% is N/A). This production power in Europe is an effort of 24 farms to 

ethically grow fresh shrimp with respect to sustainability and the majority of them 

started during the last 10-15 years (Euroshrimp, 2021). 

In the US, in 2018, the most popular cultivated shrimp species was the pacific white 

shrimp with an annual growth of 8.8%. That highlights the importance of securing 

the food sources via farming. The growth has put pressure in the market to promote 

intensive farming however, and conventional farming practices with high water 

demand could contribute to disease outbreaks. Hence there is a trend to focus on 

controlled environment intensive farm system with higher efficiency and effective 

biosecurity. Such systems refer to Biofloc technology (BFT) or RAS (Emerenciano 

et. al., 2021) 

Intensive outdoor (land based) shrimp production systems demand huge volumes of 

fresh water for their operations and generate a lot of pollution. In such outdoors 

systems when the harvest cycle is completed then the system is drained, discharging 

lots of wastewater and organic waste into nature including any chemicals, fertilizers 

antibiotics etc. Hence more farms intent to switch to closed loop systems. 
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There are several advantages using closed loop systems. The main key benefits are 

the significant reduced water demand with the potential of zero exchange water, 

and the other is the prevention of untreated wastewater to be discharged into 

environment. Additionally, such systems can improve the overall performance and 

efficiency of the system, increase productivity, and reduce the usage of external 

supplements such as chemicals, feeds etc. that subsequently reduces operational 

costs. However, RAS systems need additional capital costs for biofilters or other hi-

tech water recirculation systems but allow higher yield production per m3 (Boston 

Consulting Group, 2019, pp.25-27). 

2.1 Industrial Aquaculture  

Biofloc Technology (BFT) started developing to avoid all the problems that intensive 

land based outdoor systems created while at the same time could maintain 

consistency. Moreover, BFT provides nutrient optimization by suppling 

approximately 20% of the protein needed by shrimp due to the natural floc created 

in the water system. These natural flocs (bioflocs/biota) are aggregated 

microorganisms that provide vitamins, bioactive compounds and beneficial bacteria 

and probiotics that are vital for the shrimps. Under ideal circumstances, BFT 

enhances the immune system of the shrimps and provides an improved physiological 

status compared to shrimps produced in conventional systems. There is 20 years of 

evolution for the BFT and it has been the foundation to develop other microbial 

based systems such as semi Biofloc, hybrid RAS, and Integrated systems (shrimp and 

fish) among others. However, the operation of any closed loop system is obviously 

influenced from local rules, regulations, costs etc. (Emerenciano et. al., 2021). 

RAS key characteristic is the treatment of wastewater generated due to shrimp 

culture. This treatment processes consists of three steps. Step 1is filtration (physical 

and mechanical). For the mechanical filtration, protein skimmers are used to 

remove the particulate organic matter and activated carbon filters to remove any 

toxic compounds but also biofiltration equipment to remove ammonia and 

associated compounds. Step 2 consists of disinfection, to kill any pathogens and step 

3 is oxygenation of the water prior to entering again into the rearing basin. The key 

advantage of RAS systems is the ability to maintain sufficient water quality for long 

time. This comes however with a high operation cost due to electricity demand, 

hence it can be less attractive to farmers. 
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The main difference with Biofloc Systems or Zero Waste Discharge (ZWD) systems 

is that the water is getting essentially treated using microorganisms. Thus, microbial 

population is managing the water quality in the nutrient cycle for water purification, 

bacterial control, and feed supplement. Some of the microorganisms used include 

Bacillus megaterium to improve ammonification generated from the organic matter 

accumulation, nitrification bacteria converting ammonia to nitrate and microalgae 

Chaetoceros muelleri to uptake the N2 gas as result of denitrification of ammonia but 

also enhance DO levels in the water (Kassem, et. al., 2021, p.3) 

2.2 Biofloc Technology (BFT) 

BFT systems or Zero Waste Discharge (ZWD) system originally developed around 

1970’s by the French Research Institute located in Tahiti, French Polynesia (Ray, et. 

al., 2017). Two decades later, these systems expanded across the USA for 

commercially purposes. Collaborations took place between farms the private 

companies in the U.S. to produce shrimps. However, there was not enough 

knowledge on these systems and that lead to different problems and nutrient 

imbalance being one of them. Toxic conditions, excess suspended solids production, 

low alkalinity and CN ratio management were some obstacles at the time. 

However, over time, such challenges were overcome since solutions were found 

including aeration equipment, monitoring, controls etc. Regardless of the method 

or strategy followed, waste management is still a challenge in closed loop systems 

(Martinez-Porchas & Martinez-Cordova, 2012). 

BFT requires highly efficient microbial management as the science of forming bio 

floc is the most important with this method. Bioflocs include microbiota, mycobiota 

and phytobiota among others and farmers try to understand and learn more about 

their properties and characteristics. There can be various biological obstacles that 

create headaches in BFT including biofouling. This process is defined as the symbiotic 

relationship among the microbial community (Martinez-Porchas & Martinez-

Cordova, 2012). 

In Biofloc systems bacteria existing convert ammonia to nitrate trough nitrification 

and are cultivated in the rearing tank. These bacteria form the suspended colonies in 

the water named as bioflocs. The Biofloc creation is vital and is used as external feed 

source which decreases the feed conversion rate (FCR) of the feeds resulting in 

reduced costs. Also, the Bioflocs eliminate the need of biofilter that is used in RAS, 

reducing the costs, and saving space (Rode, 2014). 
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2.2.1 Biofloc Management 

The Biofloc forming in the rearing tank is a dynamic living system as living 

organisms exist and interact with each other. Biofloc consist mainly of heterotrophic 

bacteria that aim to reduce and degrade nitrogenous metabolic waste that are 

generated from the shrimp waste and feeding. Heterotrophic bacteria consume 

ammonia and produce protein that can be eaten up by shrimps (Rode, 2014). 

Heterotrophic bacteria consume oxygen as well to perform their processes. Such 

processes include nitrification. When heterotrophic population increases, oxygen 

demand also increases in shrimp system, thus oxygen must continuously be supplied 

either through aeration or other methods.  

Mixing process is also important as without it, heterotrophic bacteria colonies will 

stop be in suspension losing their ability to nitrify ammonia.  

High Biofloc respiration rates results high generation of carbon dioxide 

concentration in the water which can decrease using aeration. Furthermore, large 

Biofloc populations as results of high feed volumes could be fatal to shrimps. 

Concentrations of total suspended solids (TSS) above 500mg/l can stress the 

shrimps. However, managing TSS is not complicated as foam fractionation or 

settling tanks or clarifiers could be used to do so. Another successful method is to 

recirculate the water back to rearing tanks every 3-4 days. The clarifiers have 

enough size to accommodate 1-5% of total flow rate resulting in hydraulic retention 

time of 20-30mins.  

When removing TSS from the system, alkalinity drops as well as nitrite reduces.  

Some alkalinity is used by heterotrophic bacteria but can be increased by using 

sodium bicarbonate. Scientists suggest alkalinity to exceed 150mg/l and be 

monitored twice a week (Rode, 2014). Alkalinity also contributes to keep pH levels 

above 7.0 and it takes 0.25 kg of bicarbonate for each kg of feedstock. Alkalinity 

increases when organic sediment goes anaerobic or anoxic. When anaerobic 

denitrification is taking place nitrates convert to nitrogen gas. Anerobic conditions 

favor occasionally nutrients and organic waste management, but anaerobic digestion 

can cause negative impact such as H2S formation than can be fatal to living animals 

(Rode, 2014). 
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2.3 RAS (Clear Water – CW) 

RAS is advanced filtering systems aiming to treat the water so it can be used again in 

the system and reduce the need of new water by creating a closed loop system. 

These systems promote the water reuse but also avoid untreated wastewater to be 

released into the natural environment. Under circumstances no need of new water 

can be achieved. Additionally, such closed loop systems can enhance the production 

and efficiency of the shrimp farm as result of decreased demand in resources 

including chemicals feed and fertilizers allowing also for profit. RAS can use regular 

biofiltering equipment or more advanced water recirculating equipment, which will 

result in different investment regarding the efficiency of the system and operating 

costs but also environmental impact. Usually, RAS is expensive and requires floor 

space and high investments (Boston Consulting Group, 2019, pp. 26-27). 

 

Using RAS allows to control water quality to desired levels but also to meet 

environmental targets. However, designing on a RAS system can vary but there is 

no system that addresses all challenges. For example, budget influences directly the 

RAS design (Tidwell, 2012). 

2.3.1 CW- RAS Management 

Maintenance of the water quality is required with such systems to mitigate any risks 

that prevent the proper growth of the shrimps. Shrimps produce organic material 

containing nitrogen and RAS aims to remove it. The RAS aims to remove ammonia 

and organic matter to ensure the water quality needed for shrimps to thrive. RAS 

consists usually of a rearing tank, sedimentation tank, and clarifiers to remove the 

organic matters using drum filters and foam separation equipment. Biofiltration is 

used to remove ammonia but also disinfection units. Moreover, denitrification 

equipment, aeration units, wastewater treatment and recirculation pumps are also 

required including CO2 removal unit and monitoring equipment (see figure 1) 

(Takeuchi, 2017). 
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Figure 1. Schematic diagram of equipment and its function in RAS: 1, rearing tank; 2, sedimentation 
tank; 3, physical filter unit; 4, degasifier; 5, biofilter unit; 6, disinfection unit; 7, denitrification 
unit; 8, oxygen supply unit; 9, waste treatment unit (Takeuchi, 2017, p.7). 
 

One of the most vital factors operating a RAS system is the ammonium nitrogen 

concentration. Ammonium nitrogen removal is a must requirement with water 

remediation because ammonia and associated compounds can be very toxic and 

lethal to aquatic life (Takeuchi, 2017, p.29). 

2.4 RAS VS Biofloc 

Indoor shrimp producers utilize two technologies, RAS and Biofloc. The harvest 

rates in RAS in the US are usually between 4-7 kg per m3 per cycle and during 

nursery step about 2000-3000 post larvae are stocked per m3. Once the animals are 

exceeding 1 gram in weight, they move to the grow-out step where 250 post-larvae 

(PL) are stocked per m3. In that step, 80% survival is a descent target although some 

scientists integrated 400 LP per m3achieving 70% survival rate and feed conversion 

rate of 1.11 to 1. On one hand Biofloc systems can provide higher yields and better 

FCR under certain circumstances. On the other hand, RAS can be more energy 

efficient, simpler to manage and has constant good water quality. However, RAS has 

been weak in terms of biosecurity as it depends on equipment which means in case 

of mechanical failure different problems can be created. 

Some concerns questions rise while considering starting an indoor land-based farm. 

These questions include the following independent of the shrimp cultivation 

method. How to secure the feed logistics and the price, how to bring post-larvae, how often 

and at what price? How to ensure electrical supply and at low costs? How to manage the waste? 

(Lutz, 2020). 
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Energy efficient regenerative blowers and nonstop electrical supply are required for 

both RAS and Biofloc systems. Aeration is a key factor that should always be 

maintained at 5ppm of DO, where 200 lpm of air for each kg of feed should be 

supplied. A temperature at 27°C is a good balance between heating costs, animal 

growth with minimized stress (Lutz, 2020). Ground coupled heat pumps or water 

heater with closed PEX loops are required to secure sufficient circulation of the 

warmwater via submerged hoses. Another good recommendation is to consider the 

balance between 20pp of salinity, satisfied water quality, and shrimp health and 

operating costs. Salinity can be created by using a mix of various components or 

pre- packaged mixes (Lutz, 2020). 

Biofloc is an intensive farming where bacteria are responsible to breakdown waste, 

maintain the water quality level but also supply the shrimps with nutrients. Both 

Biofloc and RAS can be combined, creating a hybrid, which is at an early stage yet. 

In a case study in Indonesia, 500PL-m3 was stocked, yielding 2.7 kg-per cubic 

meter? m3 at 60 days including FCR about 1.1 and survival rate of 78% with 

approximately weight of 7gr per shrimp. At 84 days the yield reached 4.2kg/m3 

with FCR 1.54, survival rate of 70% and approximately weight of 12.06 gr 

(Suantika, et. al., 2018, p.12) 

In Biofloc systems, typically 250-500 PL-m3 are stocked, with survival rate of 80-

90% and FCR about 1.2-1.8 in 80 days rearing time. The final production is 

between 5-9 kg/m3 with final weight about 20 gr per shrimp (Rode, 2014). 

Wastewater treatment is required for RAS systems but not for Biofloc systems to 

deal with the organic accumulation (Zulkarnain, et. al., 2020) 

Ammonia which is toxic to shrimps has higher concentration in RAS systems (0.3 

mg TAN L−1) compared to Biofloc systems (0.1 mg TAN L−1) and growth rate is 

1.4 g/week and 1.5g/week respectively (Ray, et. al., 2017). 

2.5 Sustainable Aquaculture 

Nowadays, there is an increasing demand for sustainability that in turn leads to a 

new need for ethically sourced food with respect to the environment. Lately, the 

global food market has witnessed buyers willing to pay more for sustainable food. 

This might have started as a trend, but it has developed as a movement. A survey 

took place a few years ago were 3000 customers participated. The results showed 

that approximately 70% of them were interested to know how and where the food 

is coming from and how it was produced. Big retail companies and food stores 

including seafood and shrimp, are developing policies to incorporate sustainability 

into their suppliers (Boston Consulting Group, 2019, p.7). 
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The most common definition of sustainability derives from the UN World 

Commission on Environment and Development and states that “sustainable 

development is development that meets the needs of the present without 

compromising the ability of future generations to meet their own needs.” UCLA 

Sustainability. (2022) 

The principles of sustainability are the baselines of what sustainability speaks for; 

hence it consists of three pillars: the economy, society, and the environment 

(Beattie, 2021). 

2.6 Defining Sustainability in Aquaculture 

Unfortunately, sustainability is a vague meaning and hence it is lacking consistency. 

One consequence is that buyers buy products and services that are not actually 

sustainable (Boston Consulting Group, 2019, p.7). 

Aquaculture is the rapidest growing food production technology and its growth 

started 50 years ago. Due to its environmental impact, aquaculture industry 

attracted attention to integrate technologies that can protect the environment. Even 

though aquaculture has received a lot of recognition its implementation of 

sustainability has been insufficient and problematic since the definitions is not clear. 

Practically, environmental sustainability focuses on choosing the best technology 

between different available options. Ideally the concept of sustainability in 

aquaculture is all about the best technology that can increase productivity while 

reducing the environmental consequences at the same time (Boyd, et. al., 2020. pp. 

570-580) 

The key idea with the sustainability is to use the natural and chemical resources like 

energy, water, feed, and fertilizers in the most efficient way. Reducing the demand 

on these resources is very important to protect the environment. On one hand, the 

concept of sustainability is subjective since it explains that things should be done in a 

such a way to ensure that next generations can also have access to natural resources. 

On the other hand, sustainable aquaculture is widely used from stakeholders 

involved in the industry. Their policy, however, on ethics and practices are not 

necessary aligned fully with sustainability’s guidelines and principles. The aim of 

sustainable aquaculture is to continuously provide humans with fish and seafood 

products without harming the natural ecosystem or any other negative impact. 

However, sustainability’s pillars are generic, and understanding it is vital but also 

difficult at the same time (Boyd, et. al., 2020. p. 581) 
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2.6.1 Sustainability Parameters for Technology Selection 

The common property of intensive aquaculture production operations is the 

generation of inorganic nitrogen in the water. This is mainly caused due to feedstock 

used for shrimps (and fish) that is very rich in protein (about 20-45%). The protein 

nitrogen covers about 75% of the feed supplied to the shrimps and is spread in the 

water for two reasons. One reason is as unconsumed food from shrimps that will 

eventually been degraded by the microbial community and the other is as product of 

different metabolic pathways. The nitrogen in water is dissolved as total ammonia 

nitrogen (TAN) and eventually turns into un-ionized NH3 and ionized NH4. NH4 

(ammonia) is highly toxic to any living animal, including shrimps, and in low 

concentration will still create various problems such as slow shrimp growth. Hence, 

the target is to keep the ammonia concentration low, the closer to 0 mg/l the better 

(Tidwell, 2012. p. 290). In Biofloc the ammonia concentration is usually about 

0.1mg/l and in RAS systems around 0.3mg/l (Ray, et. al., 2017). 

Wastewater treatment is required in some aquaculture operations depending on the 

aquaculture system. Wastewater treatment depends 100% on electricity supply and 

hence becomes energy dependent. Typically, the energy requirements for a 

wastewater treatment plant is usually between 0.30 kWh/ m3 and 0.65 kWh/ m3, 

with the highest value being met when nitrification is applied (Energy Consumption 

and Internal Distribution in Greece, p2). European Union promotes prevention as 

key to sustainability meaning that it is preferred to avoid an action rather manage it 

(see figure 2) (European Commission, 2022). 
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Figure 2. Shows the prevention pyramid promoted by the EU. The prevention pyramid of Johan 

Declerck is an instrument that can be used to orient and achieve insights into how to optimise one’s 

policy for the prevention of radicalisation. It consists of five levels. Each level is as important as the 

one that lies above. The five levels can be divided into two parts. Prevention focuses on the broad 

wellbeing of people and broader society (levels 0, 1 and 2, being the environment, living circumstances 

and general prevention). The upper levels (3 and 4) are the more urgent, problem-oriented and are 

geared towards immediate preventive measures. Every level in the pyramid is essential to secure an 

effective policy to prevent radicalisation (European Commission, 2022). 

 

According to Zulkarnain (et. al 2020) wastewater treatment is required in RAS 
systems but not in Biofloc systems (Zulkarnain, et. al., 2020). 
 

Shrimps are being farmed at high stocking density rates in intensive farms. Stocking 
density is considered as one of the most critical factors in shrimp cultivation as too 
high stocking density could influence the growth and survival of the shrimps because 
of the stress produced by the high shrimp population stocked (Gao, et. al., 2017, 
p.877). Biofloc system have a typical stocking density between 250-500 shrimps per 
m3 (Rode, 2014) and around 400 shrimps per m3 in RAS systems. 
 

Shrimp survival rate is considered an important factor in shrimp aquaculture 

operations as it indicates the potential volume of shrimp that will be eventually 

harvested as a percentage of what is expected at the end of the cycle (Duraiappah, 

et. al., 2000. p.5). In Biofloc typical survival rate is about 70% (Ray, et. al., 2017) 

as well for RAS systems (Fauzi, et. al., 2020) 

 

 

 

https://www.semanticscholar.org/author/Yang-Gao/2145971297
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Feed conversion rate (FCR) expresses the relation between the total consumed feed 

and the final shrimp weight per unit area at harvest. For each species, FCR is 

different as it depends on various components such as feed and water quality. The 

key factor is to increase the feed efficiency while reducing the FCR and at the same 

time decreasing associated costs but also improving savings for the shrimp 

operations (Ministry of Agriculture and rural development, 2022) Hence the lower 

the FCR the better from an operational perspective with indirect benefits in costs as 

well. In Biofloc systems a typical FCR value is around 1.8 and 1.5 for RAS systems 

(Ray, et. al., 2017) 

Shrimp growth rate is defined as main factor impacting the profitability in shrimp 

operations. Growth rate indicator is a key component to farmed shrimps and fast 

growth improves profitability. The higher the growth rate the less cultivation period 

since the final product is harvested at standard weight. The less the cultivation 

period the lower the risk overall including potentially, lower FCR, higher survival 

rate, reduced operational costs and hence higher profitability (Zeigler, 2017) . In 

Biofloc a typical value equals to 1.4gr/ week and 1.5 gr/week in RAS (Ray, et. al., 

2017) 
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3 Methodology  

This chapter develops the multicriteria decision analysis (MCDA), that is used to 

determine the weight coefficients but also the utility values of each criterion. 

Aggregation of the weights and the utility values will rank the two alternatives. 

This chapter describes the MCDA established in this thesis aiming to choose the 

preferred aquaculture method according to decision makers preferences considering 

sustainability. 

 MCDA in this thesis consists of three steps. i) assign utility values, ii) assigning the 

weights using SW method according to decision makers preferences, and (iii) 

aggregation of the alternatives by applying the additive utility function. 

This thesis aims to demonstrate an evaluation of different aquaculture methods 

considering sustainable criteria. Once sustainability is defined, then SW can be 

modified based on any decision makers’ preference and thus rank the alternatives 

while providing at the same time useful information to the decision maker. In this 

thesis, decision maker uses preferences, based on personal interest.  

3.1 Evaluation Criteria Considering Sustainability  

The criteria selected for this evaluation of the two different aquaculture shrimp 

farming methods are inspired by environmental and operation factors for various 

reason as explained earlier in chapter 2. 

Table 1. Summarizes the parameters used for the comparison between RAS and Biofloc 

Parameters Biofloc  RAS 

Ammonia (mg TAN L−1) 0.1 0.3 

Wastewater Treatment NO YES 

Stocking Density (PL/m3) * 375* 400 

Survival Rate (%) 70% 70% 

FCR 1.8 1.5 

Growth Rate gr/week 1.4 1.5 
 
*The initial value is a range between 250-500 however an average value was obtained for the easy of calculations. 

3.2 MCDA 

The Swing weighting (SW) method is a method for weight-assessments based on 

specific criteria in Multi-Criteria-Decision-Making (MCDM) situations. The 

decision maker individually compares attributes directly among alternatives to 

determine the best alternative, according to decision maker’s preferences (Clemen 

& Reilly, 2014, p. 731) 
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It is a method of assessing weight coefficients for multi criteria analysis and it 

requires certain swings (virtual changes) in the level of importance compared to 

other objectives and then draw conclusions in terms of values (points) based on 

preferences on a scale between 0-100 or 0-10. If the most favor swing has swing 

weight 100 points, then less favor is at 0 and so on. SW has reliable results 

compared to assigning weights with respect to the level of importance for each 

criterion (Merkhofer, 2020). 

The general proportional utility formula (1) (Clemen & Reilly, 2014, p. 722) is 

used to estimate the utility values for each criterion of each alternative and the 

additive utility formula is used to aggregate the results by combining the weight 

criteria resulting from SW application and the utility values. 

(1) 

Once utility values are established, they will eventually used to the following 

equation to estimate the overall utility, this equation is well known as Additive 

Utility Function.  

 “We assume that we have individual utility functionsU1(x1),...,Um(xm) for each of the m 

different attributes x1 through xm. In particular, we assume that each utility function assigns 

values of 0 and 1to the worst and best levels respectively on that particular objective. The 

additive utility function is simply a weighted average of these different utility functions. For 

an outcome that has levels x1,...,xm on the m objectives, we would calculate the utility of this 

outcome as where the weights are k1,...,km. All of the weights are positive, and they add up to 

1” (Clemen & Reilly, 2014, p. 720).   The additive utility function (2) is shown 

below. 

(2) 

U(χ1,….χm) implies the utility of alternative i; ki denotes the weight of the criterion i, and 

Um(χi) denotes is the normalised criteria values determined from the utility functions on 

normalized scales. The decision makers should consider the alternative with the highest 

integrated utility (Aytaç & Tuş 2017, p. 997). 
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The additive utility function facilitates a representation but also an elicitation of 

user’s preference due to the function parameters where they beeing assessed based 

only standard criteria. These criteria really guide the decision maker to promote 

preferences over the attributes (Braziunas, 2012). 

       The additive utility is used to aggregate the swing weight coefficients and the utility 

values to generate the final results.   
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4 Results 

The RAS and Biofloc systems are the two alternative technologies that are compared 

in this thesis based on six criteria. The weight criteria are assigned using SW method 

based on the decision makers (thesis author) preferences, the utility values are 

assigned (using proportional scoring) and additive utility is used to aggregate the 

final results. 

4.1 Swing Weighting Method 

The first step of the SW method is to create the SW table by initially building the 

benchmark alternative. After that, completing the “rank” column is required. That 

step is taking place by grading the consequences from 1-7 since we have 7 

hypothetical aspects. At this point, judgments between these hypothetical aspects 

are needed from the decision maker to complete the ranking since there is direct 

connection to the decision maker’s preferences. Worst case always becomes the 

benchmark, and this is case received 7 in ranking and subsequently gets 0 points. 

The next worst is the Growth Rate (GR) that receives 6 in ranking and 10 points but 

NH4 is the best and received 1 in ranking and 100 points. This step is completed by 

finishing scoring of all the aspects in the “rank” column. After that prior to 

completing the SW table, it is required to assign the respective points. Finally, when 

all the points are assigned and summed, weight coefficients for each criterion are 

estimated by dividing the points of the aspect by the sum. For example, the 

coefficient k6 for the aspect GR is calculated by dividing 10/330=0.030 and so on 

for the rest as it is shown below on table 2. 

Table 2 Shows the completed SW table 

Abbreviations: Ammonia (NH4) (mg/l), Wastewater Treatment (WWT) (Yes/No), Stocking 

Density (SD) (PL/m3), Survival Rate (SR) (%), Food Conversion Rate (FCR), Growth Rate (GR) 

(gr/week) 

 

 NH4 WWT SD SR FCR GR RANK POINTS COEFFICIENT   
BENCH  0.3 Yes 400 70 1.8     1.4 7 0     

NH4  0.1 Yes 400 70 1.8  1.4 1 100 0.303 k1  
WWT 0.3 No 400 70 1.8 1.4 3 60 0.181 k2  

SD  0.3 Yes 375 70 1.8 1.4 5 30 0.090 k3  
SR 0.3  Yes 400 70 1.8 1.4 4 50 0.151 k4  

FCR 0.3 Yes 400 70   1.5 1.4 2 80 0.242 k5  
GR 0.3 Yes  400 70 1.8 1.5 6 10 0.030 k6  

                   
              SUM 330 1   
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4.2 Utility Values 

Following the proportional utility formula, the utilities UNH4, UWWT, USD, USR, UFCR and 

UGR are assigned. Since we have only 2 alternatives there are only two levels of 

utility values. Thus, the best level is assigned a utility value of 1 and the worst level 

is assigning a utility value of 0. 

With respect to UNH4 (ammonia utility) the lower the concentration the better and 

subsequently the highest utility value is assigned to the lowest concertation value 

respectively the lowest utility value is assigned to the highest concentration, so: 

UNH4(0.1) =1 & UNH4(0.3) =0  

In terms of UWWT (wastewater utility) we assume no wastewater treatment is 

preferred over wastewater treatment in place and hence UWWT(No)=1 & 

UWWT(Yes)=0  

For USD (stocking density utility), it is considered that lower the stocking density the 

better and hence the highest utility value is assigned to the lowest value respectively 

the lowest utility value is assigned to the highest value, hence: 

USD(375)=1 & USD(400)=0 

For Survival rate (SR) and its utility value (USR), it is assumed that lower the higher 

the better and thus the greatest utility value is assigned to the highest % respectively 

the lowest utility value is assigned to the lowest survival rate, however there is only 

one value and hence it will get either highest or lowest value.  

USR(70)=1 

For Food conversion rate (FCR), it is considered that lower the value the better and 

thus the greatest utility value is assigned to the lowest FCR value respectively the 

lowest utility value is assigned to the highest FCR value, so: 

UFCR(1.5)=1, UFCR(1.8)=0  

For weekly Growth rate (GR) and it is assumed that the higher the value the better 

and hence the highest utility value is assigned to the highest value and the lowest 

utility value to the lowest GR value.  

UGR(1.5)=1, UGR(1.4)=0  

Table 3 below gathers all the calculated utility values. 
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Table 3. Summaries all the final utility values. 

Utility Values 

UNH4(0.1) =1  USR (70) =1 

UNH4(0.3) =0  UFCR (1.5) =1  

UWWT(No)=1  UFCR (1.8) =0 

UWWT(Yes)=0 UGR (1.5) =1 

USD (375) =1  UGR (1.4) =0  

USD (400) = 0  
 

4.3 Additive Utility Function 

Utility values are taken as presented on the table 3 above and aggregated together 

with the coefficient values generated from SW into the additivity utility equation (2)  

As we already know, coefficients are constant and do not vary so k1, k2, k3, k4, k5 

& k6 will be the same value for each of the 2 alternatives. However, what varies are 

the utility values which already estimated above. 

Using the additive utility function, we estimate the total utilities for each of the two 

alternatives as it shown right below: 

U(Biofloc)=k1*UNH4(0.1) + k2*UWWT (No) + k3* USD (375) + k4*USR (1) + 

k5*UFCR (1.8) + k6*UGR (1.4) = 0.303*1 + 0.181*1 + 0.090*1 + 0.151*1 + 

0.242*0 + 0.030*0= 0.303 + 0.181 +0.090 + 0.151 + 0 + 0 = 0.725 

U(RAS)= k1*UNH4(0.3) + k2*UWWT (Yes) + k3* USD (400) + k4*USR (1) + k5*UFCR 

(1.5) + k6*UGR (1.5) = 0.303*0 + 0.181*0 + 0.090*0 + 0.151*1 + 0.242*1 + 

0.030*1= 0 + 0 + 0.151 + 0.242 + 0.030 = 0.423 

The final results of the MCDA shown below on table 4. It consists of the weight 

coefficients and the utility values that are aggregated by using the additive utility 

function to produce the total utility for each of the alternative.  

Table 4. Completed table of the Additive Utility Function results 

 

 

According to the results of the aggregation using the additive utility function the 

best sustainable method is Biofloc.   

 k1 U1 k2 U2 k3 U3 k4 U4 k5 U5 k6 U6 U RANK 

U(Biofloc) 0.303 1 0.181 1 0.090 1 0.151 1 0.242 0 0.030 0 0.725 1 

U(RAS) 0.303 0 0.181 0 0.090 0 0.151 1 0.242 1 0.030 1 0.423 2 
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5 Discussion  

 The Sustainable Development Goals (SDGs) consist of 17 linked to each other 

international goals dedicated to being a “blueprint to achieve a better and more sustainable 

future for all”. The SDGs developed initially by the United Nations General Assembly 

(UN-GA) in 2015 and are meant to be reached by 2030 and they are also included in 

the Agenda 2030 (United Nations, 2022) 

Sustainability is expressed in the thesis using operational and environmental criteria. 

Six criteria in total, of which two are environmental and four operational. The 

environmental criteria are the “Ammonia (NH4) (mg/l)” & “Wastewater Treatment 

(WWT) (Yes/No),”. Ammonia is one of the most important parameters in land-

based shrimp production systems and wastewater treatment indicates environmental 

risk of wastewater discharge. The operational criteria include some key factors 

when growing indoor shrimps including “Stocking Density (SD) (PL/m3)”, Survival 

Rate (SR) (%)”,” Food Conversion Rate (FCR)” and “Growth Rate (GR) 

(gr/week)”. Food conversion rate could also contribute to environmental pollution. 

The importance of the other operational parameters have been explained earlier, 

and these parameters are very critical for successful shrimp operations. 

The key idea with the sustainability is to use the natural and chemical resources like 

energy, water, feed and fertilizers in the most efficient way. Reducing the demand 

on these resources is very important to protect the environment. On one hand, the 

concept of sustainability is subjective since it explains that things should be done in 

such a way to ensure that next generations can also have access to natural resources. 

On the other hand, sustainable aquaculture is widely used from stakeholders 

involved in the industry. Their policy, ethics, and practices, however, are not 

necessary aligned fully with sustainability’s guidelines and principles. The aim of 

sustainable aquaculture is to continuously provide humans with fish and seafood 

products without harming the natural ecosystem or any other negative impact. 

However, sustainability’s pillars are generic, and understanding is vital but also 

difficult at the same time (Boyd, et al., 2020, 581) 

Aquaculture operations support sustainable development goals and can potentially 

reduce hunger, tackle poverty, participate in economic development and can 

manage natural resources in a good manner (Sustainable Development Goals, 2022) 
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The aquaculture industry could potentially benefit the following SDGs. 

    SDG 2: Zero hunger, SDG 6: Clean water and sanitation, SDG 8: Decent work 

and economic growth, SDG 10: Reduced inequalities, SDG 12: Responsible 

consumption and production, SDG 14: Life below water, SDG 15: Life on land, 

SDG 16: Peace, justice and strong institutions, SDG17: Partnerships for the goals 

(Aquaculture Stewardship Council, 2022) 

This thesis is primarily focused on terms of sustainability and SDGs on SDG 2, SDG 

6, SDG 14 and SDG 15. 

Defining sustainability in aquaculture and combining MCDA it has indicated that 

according to the decision makers preferences the best options is Biofloc method. 

The weight coefficients show that Ammonia is the number 1 option, with FCR 

being 2nd. The rest are split as follows: WWT 3rd, SR 4th, SD 5th and GR 6th. 

Another decision maker with other preferences could have received different results 

as for example preferring FCR & GR is where RAS has best. In that case the SW 

table would have been set up in a different ranking priority of each parameter. 

Utility values were assigned by just simply using the proportional scoring method 

and the aggregation of the utility values and the weight coefficients took place by 

just using the additive utility function. 

Vinatea, et al., (2018) conducted an experiment comparing RAS and Biofloc for 

growing Tinca tinca (Cyprinidae) and grey Mugil cephalus (Mugilidae). The aim of 

the research was to compare the fish performance and evaluate the technical 

feasibility using the alternative methods. The evaluation criteria used were the 

survival rate (SR), fish size in terms of body weight and length, condition factor (K), 

specific growth rate (GR), gained biomass and feed conversion rate (FCR). Other 

parameters were constantly monitored such as ammonia, DO, temperature and pH 

among others however they were not included in the evaluation criteria. The results 

showed that in terms of grey Mugil cephalus, RAS is definitely better that BFT and 

in terms of Tinca tinca (Cyprinidae), same results are shown with the difference that 

BFT was best only in terms of condition factor (Vinatea, et al., 2018. pp. 158-160). 
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 Comparing this to this thesis, non-experiment took place however literature-based 

data was used for this research. There are many evaluation criteria in common with 

this thesis and only difference is the condition factor that was not used because it is 

not such as parameter in shrimps however wastewater factor used instead. 

Additionally, in the thesis, ammonia was used as evaluation criteria unlikely with 

Vinatea, et al., (2018) research where water quality parameters were monitored 

just to see if there is an impact. This thesis aggregated the weight coefficients and 

the utility values to produce the final ranking where Biofloc was the best alternative 

based on the criteria. Vinatea, et al., (2018) individually compared all the criteria 

with each other between RAS and Biofloc. 

Zulkarnain et al (2020) conducted research to select the most intensive technology 

for growing shrimp using the Analytical Hierarchy Process (AHP). Their research 

used the AHP to select the best option among four different technologies, i.e. the 

Biofloc, RAS, BUSMENTIK and supra intensive methods (see Zulkarnain et al. 

2020, p.1).  Zulkarnain et al (2020) used nine criteria for analyzing the options 

including stocking density, shrimp productivity, wastewater treatment, electricity 

consumption and capital costs among others (Zulkarnain et al (2020, p.5). In this 

thesis, economic costs were not included as the economic factor can vary depending 

on the geographic location, country etc. However, there are common criteria 

between this thesis and the research carried out by Zulkarnain et al (2020). The 

decision makers preferences are expressed by utilizing the AHP and generating the 

weight coefficients of each criterion. Zulkarnain et al (2020) compared each 

technology with individual criteria and ranking the results. Each of the results was 

then summed producing the final results or the composite weights. Comparing that 

with this thesis aggregation took place using SW, proportional scoring and additive 

utility. The final ranking results showed, RAS 1st, Supra Intensive 2nd, BESMENTIK 

3rd and Biofloc final. Sustainability was not mentioned in the study by Zulkarnain et 

al (2020), however it seems that the criteria could potentially be used for a 

sustainable comparison among the alternatives. 

This thesis aimed to provide a holistic approach on comparing two popular methods 

of growing indoor shrimps with respect to sustainability. Given the circumstances of 

unethical practices followed globally by aquaculture operations it is our job as 

scientists to provide alternative options and bring ideas to the table for businesses 

and associated contributors to consider sustainability as part of their procedures. It 

seems that both RAS and Biofloc to be a sustainable method for growing shrimps, 

however, Biofloc is perhaps the best method when using the particular criteria. 

Anyone is welcome to change/modify the parameters used in SW table based on 

preferences to see what the results show considering sustainability. The next step 

perhaps would be to conduct further research and perform field experiments. 
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