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ABSTRACT

Two types of recirculation aquaculture systems (RAS) were designed, built and
evaluated in this study. Roperation test results indicated that both systems were
capable of delivering sufficient dissolved oxygen and rengpearbon dioxide to
acceptable levels for fish growth. Arctic chaBa(velinus alpinuswere raised to
assess the technical functionality of the systems. Based on the results of the water
parameter analysis, both systems were technically able to delptenum water
quality for fish growth in the cold water environment at the facility. Commercial
simulation of a scalep system culturing seabassates calcarifey in Malaysia
shows that it is financially feasible, but sensitive to changes in price tiopecasts

and production quantity. Starting an RAS farm is a challenge, where application of
knowledge in aquaculture engineering, water quality management and financial
prudence will have to be coordinated before psahinbe realised.


mailto:rowpad@hotmail.com
mailto:helgi@holar.is
mailto:ragnar.johannsson@matis.is
mailto:pall@hi.is

Bijo

TABLE OF CONT ENTS

1 INTRODUCGCTION. ...ttt e e e e e eean e e e e eeeans 6
11 BaACKGIOUNG. .....eeeiiiiieeii et ener e e e 6
1.2 Fisheries Sector in Malalgb. .......cccooieiiiiii it rrer e 6
13 Project SLAIEMEINL........uuiiiiiiee e eerr e e e e e e 8
1.4 (@] o T=T o1 1)V 8
15 Significance Hthe StUAY...........vvviiiiiiii e 9
1.6 Limitations and CONSIIAINTS.........cooiiiiiiiiiiee e eeer e e 9

2 RECIRCULATING AQUACULTURE SYSTEMS.........ccoeiiiie e 10
2.1 DeVvelopment Of RAS... ... e re s 10
2.2 RAS GESIGN ...ttt e eeenr e e e e e e e et sennr e as 10
2.3 ECONOMICS Of RAS.... .ottt rme e 12
2.4 RAS and environmental ISSUBS..........ccoiiiiiiiiimemiiiiie e e eeeeineeee e 13

3  MATERIALS AND METHOD.......oi i 14
3.1 [ = =T A= 1P P PP PPPPPP 14
3.2 Component deSCHPLION..........coooeiiiiie e 14

3.2. 1 CURUIE TANK...eiiiieiii et e e e 14
3.2.2  RESEIVOIN tANK.......eeiiiiiiiiiiie e eeei et emee e 15
3.2.3  Sedimentation tank.............cooiiiiiiee e 15
3.2.4 Pump and sandfilter............ccco i 15
3.2.5 Aerator andow head oxygenator (LHQ)...........coooriiiiiiiimemiiiiiieieee e 15
3.2.6  PiIpeS anNd VAIVES.......cuvviiiiiiiiiiiiimree e e 16
3.2, 7 BIOTIEI e 16
3.3 Performance evaluation methods..............ccvvviiiiemiiiiie e 16
3.3.1 Standard oxygen transfer teSh. ... e 16
3.3.2 Carbon dioxide removal tESE..........ccoiiiiiriiiieeeiiiiiee e 16
3.3.3  TAN remMOVaAl tEST.....c.uviiiiiiiiiii et 16
3.3.4  WaALEr fIOW FALE.......eeiiiiieiiiiiiiie et eans 17
3.3.5 Comparisorf performanCe............oooiiiiiiiiii e 17
3.4 Financial feasibDIlity...........cooiiiiiiiiiii e 17
3.4.1 Assessment Method..........coooiiiiiiiieeece e 17
3.4.2  Financial reqUIrEMENL..........uueiiiiiiiiiieeer e e e 17
3.4.3  Financial aSSUMPLIONS..... ...t eeeeeeee e 18
35 Yotz 1 L=TU 3£ (= o o 1 18
3.5.1 Size and SPeCIfiCALION ..........uuuiiiiiiiee e 18

UNU T Fisheries Training Programme



3.5.2  SPECIES SEIECHIAN. .....eiiiiiiiiiiiiieii e 19
3.5.3  Site SEIECHON......ceiiiiiiiiiiie et 20

A RESULT S .ottt ettt e ne e e e e et e et teee e smmmeeenennes 21
4.1 Prestocking performance test resultS..........cccccoviiiiimmmriiiiiecce e 21
4.1.1 Standard oxygetransfer rate (SOTR).........uuuurriuuiiiiiimmie e eeeeeeee e 21
4.1.2 Carbon dioXide remOoVal............coocuiiiiiiiimeniiie e 22

4.2 Operation performance teSt reSUIS........uvviiiiiiiiree e 22
4.2.1 Water eXChange rate...........oooeeiiiiii i 22
4.2.2 Delivery of diSSOIVEA OXYJEN......cccceiiiiiiiiiiiii e 23
4.2.3 Carbon dioxXide remMAl............ccooiiiiiiiiieene e 23
4.2.4  TAN FEMOVAL....ccoii ittt e e e amnn s 24
4.2.5 Removal Of SOlIAS..........uviiiiiiiiiie e 27

4.3 Finarcial feasibility..........cooooiiiiiiiiiii e 27
4.3.1 Breakeven analysSis...........ccccciiiiii e 27
4.3.2 Operation gain Or [0SS........ccooiiiiiii e 27
4.3.3 Net present value and internal rate of return.........ccccceevieiiiiiccceeeeeeeeeeeee, 28
4.3.4  Sensitivity @nalySiS........cccooiiiiiiiii i 29
4.3.5 Comparison of costficiency and profit margin...........ccccceeveviieennnnnnne. 32

5 DISCUSSION. ...ttt ettt smee e 33
5.1 Technical feasibIlity.........cceiieiiiiei i e 33
5.2 Financial feasibDIlity...........cooiiiiiiiiii e 34

B CONCLUSION. ...ttt e e e e e e e e eneas 34
ACKNOWLEDGEMENTS. ...ttt e e ne e e e eeeeeenees 35
LIST OF REFERENCES...... ..o eeeeeeeee e 36
APPENDICES ... .ot eeee et s e e e e e e e e e e e amnn s 39

UNU T Fisheries Training Programme



Bijo

LIST OF FIGURES

Figure 1: Geographical locatio Blalaysia (Source: World Fact Book 2008).....7
Figure 2: General processes and water flows in RAS (Blancheton.2002)....... 11
Figure 3: Lyout of the RAS project at Saudarkrokur Aquaculture Facility....... 14
Figure 4: Map of Sarawak showing the location of the proposed RAS farm in Sematan
(Source: Microsoft Encarta 2008)..........cccevuvruuuuniicreeeieiiiiiiees e e e e e e e emmnrnnnes 20
Figure 5: DO level in reused water during operation in both systems as explain above.
.......................................................................................................................... 23

Figure 6: DO consumption during operation irttbsystems as explain above....23
Figure 7: Dissolved C{evel and removal quantity in the system without biofilter as
EXPlAIN ADOVE........ccciiiiiiie e nnn 24
Figure 8: Dissolved C@evel and removal quantity in the system with biofilter as
EXPIAIN ADOVE......oeeiiiiiii e 24

Figure 9: TAN level and removal quantity in the system without biofilter as explain

APV 25
Figure 10: TAN level and removal quantity in the system with biofilter as explain
DOV .. 25

Figure 11: NH-N level in thesystem without biofilter at 10 times water exchange
daily as explain @DOVE.............ooviiiiiiiiie e a s 26
Figure 12: NH-N level in the system with biofilter at 0.4 times water exchange rate
per day as explain @bOVE...........ooiiiiiii 26

Figure 13: Simple break&ven quantity based on variables and fixed costs of

0] (o To 11 Tox 1o o PP 27
Figure 14: Projection of annual op#ion gain/loss and net profit/loss from 268&18
.......................................................................................................................... 28
Figure 15: NPV of net cash flow of the total capital and equity from-2008......28
Figure 16: IRR of net cash flow of total capital and equity of the praject........ 29

Figure 17: Impact of change in selling price on NPV of total capital and NPV of
<0011 RPPPPP 30
Figure 18 Impact of change in production quantity to NPV of total capital and NPV
(0] =T o |1 11 /S PTTP 30
Figure 19: Changes in proportion and value oWN#? total capital and equity due to

increases or decreases iN OPEration COSES........uuuuuririiiiireriiiiiiiiieieeeeee e e e e e e e e 31

UNU T Fisheries Training Programme 4



Bijo

Figure 20: Impact of changes in price on IRR of total capital and equity........ 31
Figure 21: Impact of changes in production quantity on IRR of total capital and
2T [0TSR PPPPPPPPPPPI 32
Figure 22: Impact of increase or decrease in operation costs on &Rlafapital

=T L0 =0 1] Y/ USSP 32

LIST OF TABLES

Table 1: Contribution of the fisheries sector to the GDP ZIWb.............ccccceeenn.... 7
Table 2: Financial reqUIreMEeNL............ooooiiiiiiimeee e eeeneeeeee e 17
Table 3: Financial rate and asSUMPLON.............uuuiieiiiiieeeiiiiiiieieee e 18

Table 4: Size and specification oetmain components of the scale system in

IMIAIAYSIAL ...ttt ettt ——————————————— 19
Table 5: Physiechemical properties of water suitable for seabass culture in Malaysia
.......................................................................................................................... 20
Table 6: Water parameters for RAS farm in Sematan..............c.cceeeeeeevvvvnnnnnnn. 21
Table 7: SOTR and SAE at different flow rates...........cccccccvviiieeeiiiiiiiiiiiiieneenn. 21
Table 8:Results of the carbon dioxide removal test on the system................. 22

UNU T Fisheries Training Programme 5



Bijo
1 INTRODUCTION

1.1 Background

There is growing interest in recirculation aquaculture system (RAS) technology
especially in intensive finfish culture in the worldhi§ is due to the perceived
advantages that RAS greatly reduces land and water requirements, offering a high
degree of control of the culture environment that allows year round growth at optimal
rates and fish biomass can be determined more accuratelytpands (Massest al

1999, Duninget al 1998). A typical RAS consists of a water supply system,
mechanical and biological filtration, pumps to maintain water flows, aeration and
oxygenation system and other water treatment components that delivealoptiter
quality for fish growth within the system (Hutchinsetal.2004).

RAS also offers other potential advantages for aquaculture including the ability to
place the farm in locations where water resources are limited and near to the market to
redu@ product transport time and costs (Hutchinsbal 2004). With more stringent

water pollution control, RAS provides greater environmental sustainability than
traditional aquaculture in managing waste production and also a possibility to
integrate it wih agricultural activities such as using water effluent for hydroponics
(Summerfeltet al 2004). Another key advantage is that RAS technology is species
adaptable which allows operators to switch species to follow market preference for
seafood products (ffimonset al 2002) . AEven though RAS i
claim of impressive yields with yeaound production is attracting growing interest
from prospective at@lulf98,p.0)t Thisincludes gofelnmento r d o
policy makers in the fishears sector and also fish farming companies in Malaysia
(Mispani 2006).

Commercial RAS technology is relatively new in Malaysia. A system was introduced

in Malaysia in 2000 where a local aquaculture company is dependent on a joint

venture partner from Austlia to operate the farm in order to achieve the production

level to sustain the fish farm. The Malaysian Fisheries Development Authority,

through its subsidiary, Majuikan Fish Protech had set up an RAS culturing seabass

(Lates calcarifey in Sepang, Setayor in 2006. The Authority is planning to set up a

smaller scale RAS in other states in the country as a means of introducing the system

to | ocal Fi shermends Associations and aqua

1.2 Fisheries sector in Malaysia

Malaysia is locted in Southeast Asia. It has total area of 329,758 Kmand a
coastline of 4,810 km (FAQ007. Malaysia comprises eleven states in the Malaysian
Peninsula and the states of Sarawak and Sabah in Borneo [Stemdalaysian
Peninsula forms the southeip of the Asian mainland. Located along the equator, it
has an equatorial climate that has uniformly warm temperature all year round
averaging 36C.
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Figurel: Geographical location of Malaysia (Source: World Fact Book 2008)

The fisheries sector in Malaysia played an important role in supplying food and a
source of income for around 90,000 fishermen and 22,000 aquaculture farmers in the
year 2005. It contributed about 15% of the national food production and 1.3% of our
national Gres Domestic Product (GDP) in 2005. From 2@005, it constantly
contributed between 1.0 and 2.0% of the GDP as shown in Table 1.

Tablel: Contribution of the fisheries sector to the GDP 20005

Years 2000 | 2001 | 2002 | 2003 | 2004 | 2005
Capture fisheries (million t) 1.29 1.23 1.27 1.29 1.33 1.43
Aquaculture (million t) 0.12 0.14 0.15 0.15 0.15 0.21
Total production (million t) 1.41 1.37 1.42 1.44 1.48 1.64
Value (RM billion) 5.37 5.45 5.41 5.31 5.50 4.3
Percentage of GDP 1.6 1.5 15 14 1.7 1.3

Source:Malaysian Fisheries Department Annual Statistics (2@88FAO (2007)

The fisheries sector also contributed to the national export earnings, enhanced food
security and selsufficiency in fish to meet the increasing demand fdr @ise to the
population increase and rise in consumptiongagita of fish in Malaysia. Malaysian

fish consumption perapita was 59 kg in 200%A0 2007).

Production from marine capture fisheries in Malaysia from 2000 until 2005 had
stagnated at arounti2 to 1.4 million metric tons annually. This trend is generally
similar to global fish landings. Aquaculture production had doubled in the same
period. Though the sector produced around 15% of the total fish production in these
years, it has been idengfl as having the most potential for further development.
Therefore, under the Third National Agriculture Policy (NAP3) which covers the
period from 1998 to 2010, the government formulated a strategy to develop
aquaculture. The Ministry of Agriculture andgf-based Industry and the relevant
authorities under its jurisdiction such as Maine Fisheries Department and Malaysian
Fisheries Development Authority (MFDA) were entrusted with an action plan to
promote and increase aquaculture production to 600,00@crteeis by the year 2010
(Mohd. Fariduddin 200%
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1.3 Project statement

The operation of RAS which are mechanically sophisticated and biologically complex
requires education, expertise and dedication (Durengal. 1998). Prospective
operators of RAS need tnow about the required water treatment processes, the
component of each process and the technology behind each component. Many
commercial RAS have failed because of component failure due to poor design and
inferior management (Masset al 1999). Good kowledge of the design of the
system, specification of the technical components and operation of the system is
therefore a prerequisite for a sustainable RAS farm.

Capital investment for the setup of an RAS is normally much higher than that of a
conventimal production system due to the requirement for additional equipment to
treat water for reuse. The water treatment process could increase operation costs and
failure of the treatment system would result in huge economics losses (Sumaterfelt

al. 2001). Therefore, the aspect of economic feasibility has to be taken into
consideration before embarking on the system.

Generally, a feasibility study is conducted during the planning stage prior to obtaining
approval for funds or financing of a project. The gtashalyzes different scenarios
and assesses technical feasibility, financial feasibility and other factors that could
influence the sustainability of the project. It is done to determine its potential as a
viable business.

There are three possible outcam# a feasibility study (AmandBoadu2007).These
possible outcomes are:

i. Feasible within the defined system and environment, i.e. the technology and
water parameters of the project,

ii. Feasible with changes to certain systems or factors, and

iii. Infeasible within the defined system.

It is important to critically evaluate the outcome or conclusions of a feasibility study.
A good study may uncover alternatives and save significant time and money for the
stakeholder of the project.

1.4 Objectives
This project involves the setting up of two types of recirculation system at Holar
College Aquaculture Facility at Saudarkrokur. There are two culture tanks for each

system. The two systems are:

I. Recirculation aquaculture system with biological filter.
ii. Recirculation aquaculture system without biological filter.

The main objective is to gain knowledge on the technical design, test the performance

of the two systems and study the feasibility of scaling up the systems in a different
environment in Malaysia.

UNU T Fisheries Training Programme 8
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The specific objectives are:
i. To identify the design, layout and technical specifications of the system

components that includes:

e Water pump and pipes for delivery of fresh and oxygenated water to
the culture tanks and effluent water to the filtrabmmponent.

e Aerator to generate oxygen required for stock growth and biological
filtration.

e Shape, size and material used to build the culture tanks that enable self
cleaning of settling solids and good working environment for manual
labourefficiency.

ii. To test the performance of the pump, aerator and biological filter in
delivering water, addition of oxygen and removal aarbon dioxideand
ammonia.

iii. To perform a financial feasibility study of the systems in a bigger set up
and compare it with thigeratures on the economics of RAS.

1.5 Significance of the study

The development of RAS technology in Malaysia is in accordance to the
government s policy to promote a productio
in aquaculture especially the sgst that involves mechanical and automated
operation, precision control of culture environment, production of quality and high

value fish product. In RAS, fish can be stocked intensively in culture tanks because

the culture environment are monitored andticwously controlled.

The government is continuously enhancing the profitability and competitiveness of
the fisheries sector through agricultural education, upgrading its research and
development capabilities, setting up modern physical infrastructurethad support
services as the prerequisites for a modern and productive fishery sector.

1.6 Limitations and constraints

Financial models to assess profitability are based on a set of assumptions. Some of the
assumptions could be close to reality and othezdittle more than educated guesses.

It has to be recognised that the assumptions and cost estimations are bound to be
inaccurate (Calberg 2007). A sensitivity analysis on the assumptions of uncertainty
factors such as production quantity, productiontxand selling price and their
impact on the project is necessary to assess the feasibility of this project.

The scaleup system may not provide a good fit for the culture requirements or
management ability specific to all situations. However, scaleableculation system
designs could also be tailored to fit each specific application and environment by
selecting and adapting technologies to fit the scale and requirements of each
application Summerfeltet al. 2001).

UNU T Fisheries Training Programme 9
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2 RECIRCULATING AQUACULTURE SYSTEMS
2.1 Development of RAS

RAS had been developed for fish culture since the 1960s. Most of the early and truly
ground breaking RAS design work was developed in state fish hatcheries (Burrows
and Combs 1968, Liao and Mayo 1972 and 1974, Speece, 187i8h prodae fish

for fisheries management. Application of RAS for commercial finfish production
became more widespread between 1970 and 1B&Wh(onset al 2002. However,
during these years, many large commercial finfish producers that were using
recirculation syms have also been notable in their faillienmonset al2002)

Research and development to improve commercial recirculation systems continued
(Muir 1981 and 1982, Rosenthal and Black 1993, Summerfelt 1996, Losordo 1998a,
Eikebrokk and Ulgenes 1998, Mul998, Blancheton 2000, Losords al. 2000,
Summerfeltet al. 2000a, and successful commercial systems have been reported
(Timmons etl. 2002) Research on the development of RAS for commercial scale
fish production has increased dramatically in tast two decades (Masset al

1999). Research had been done on unit process development and their integration into
functional waterreuse systemsT{mmonset al 2002) The ultimate goal of these
research projects was to make finfish production more costpetitive within
recirculation systems.

2.2 RAS design

RAS offers an alternative to pond culture but is more capital intensive than most other
types of traditional aquaculture systems and must rely on high stocking density and
productivity per unit volumef rearing space for profitability (Timmoret al 2002).

To achieve this, Hutchinsogt al. (2004) said that the design of the water treatment
components in the system need to accommodate the input of high amount of feed
required to sustain high biomasst are required to meet the financial goal.

Hutchinsonet al. (2004) recommended a comprehensive analysis of the water source
for the RAS fish farm when designing the system. The results of the water analysis
could influence the system and speciesasiiity of the chosen water source. Even
though RAS requires much less water volume and even if only 10% of the water
volume is replaced daily, the selected site should be able to provide at least 20% of
the system volume for daily water exchange and madit water needed for cleaning

and water loss in reservoir tanks.

There is a wide range of RAS designs and many options for the water treatment
component (Hutchinsoet al. 2004). But Timmonset al (2002) said that stocking
density is one of the mainitgria for consideration when designing an RAS because it
will define the feeding rate from which the specification of technical components is
determined. The volume of water flowing in and out from the tanks and concentration
of oxygen required can be calated based on the feeding rate. As such, it is possible
to specify the technical performance for every component based on the level of
biomass in each tank and the total projection of the fish farm.

UNU T Fisheries Training Programme 10
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In a flowthrough system, intensive farming useswilog water resources for
transporting oxygen to the fish and to remove metaboliprbguct and waste so that

it does not accumulate to undesirable levels. However, such systems require a large
volume of water resources.

RAS consists of an organised s#t complementary processes that allow water
leaving a fish culture tank to be reconditioned and then reused in the same fish culture
tank or other fish culture tanks (Liao and Mayo 19T&nmons et al. 2002.
Dissolved oxygen supply is usually the firstopess applied to prepare water for
further use, because dissolved oxygen is often the first water quality parameter to
limit production in intensive culture systems (Celt al. 1991). Even though the
availability of dissolved oxygen could be increasedheotfish wastes can begin to
accumulate to concentrations that must be reduced to maintain a healthy fish culture
environment (Coltet al 1991) Hence several complementary water treatment
processes are required to reduce waste accumulations to maintaaltiay fish
culture environment.

Water treatment processes are used to change the johgsiocal conditions or
characteristics of the water that pass through the process. Sometimes water treatment
processes can change more than one characteristie ofater. For example, water
flowing through a trickling biofilter can gain dissolved oxygen and nitrate, while
dissolved carbon dioxide and-ionised ammonia are removed (Wheagbral 1991,
Summerfeltet al. 2004). The general processes and flows ofevam RAS are shown

in Figure 2.

Food Fresh Water
02
S 1
& a5
1 ?—» (© 225 Ld | ‘
v 1 ‘ 8
1- Rearing Tank 5- Disinfectant unit
2- Mechanical Filtration 6- Biofilter
3- Reservoir Tank 7- Oxygenation Unit
4- Pump 8- Waste Water

Figure2: General processes and water flows in RAS (Blancheton 2002)

Based on Figure 2, water from the rearing tanks flows to the mechanical filtration for
removal of suspendedoleds. From the mechanical filter, the water flows to the
reservoir and the pump delivers the water to the treatment unit such as UV treatment.
The water is then pumped to the biofilter for nitrification process. Nitrified water is
then delivered to the esttion and oxygenation unit before returning the water to the

UNU T Fisheries Training Programme 11
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rearing tank for reuse. Effluents exit the system either from the mechanical or
biofiltration unit.

There are a variety of commercial RAS designs and technologies available and the
selection ofwater treatment units is dependent upon the water quality required and the
reliability and costeffectiveness of the technologies. Technology selection also
depends upon cost and the size of the applic§@aoit et al, 1991) because at larger
scales may water treatment units are not available, cannot be fabricated, or do not
function as effectively as smaller units.

Ef forts have been -kmardcaculdatiansysleens byl cargfullyfit ur n
integrating unit processes in a manner that could béyeaglicated and suited to

producing a certain type of fish under most conditions common to a given region.
However, a nkenpersywydst dimurtnmhat have been ma
successful. The reasons for the failures could be due to technpiogiems or

inadequacies in knowledge in operating the system and many of these systems were

not large enough to produce fish to support the required profit margin (Sumraerfelt

al. 2001).

2.3 Economics of RAS

An investment in a commercial RAS farm hasimilar level of risk and uncertainty

as other fish farm enterprises that include uncertain and risky operational
characteristics, uncertain future market
2007). For RAS farms to be economical, they must prodweduable fish. Currently,

RAS are used to raise high value species or species that can be effectively niche
marketed, such as salmon smolt, ornamental fish, fingerlings, kstoped bass,

sturgeon, yellow perch, eel, rainbow trout, walleye, Africanistatfchannel catfish,

and Arctic charr. Marine RAS are being used to produce many species at both
fingerling and fooesize, including flounder, seabass, turbot and halibut (Summerfelt

et al 2001).

Financially, it is very important to have the accuratecdration of all components
because if the components are oversize, the system will function but not be cost
effective. For undersized equipment, the system will not be able to maintain the
optimal environment for fish growth, resulting in lower prodoictand financial loss
(Duninget al 1998). It is very important for RAS farm operators to know the optimal
environment for growth of the selected species, volume of market demand, size and
shape of the fish product required by the market and other falc&anight influence

and affect the farm operation (Mass¢al. 1999).

There are basically three methods used by businesses to evaluate investment
opportunities. These are:

i. Breakeven analysis

ii. Profitability analysis

iii. Sensitivity analysis

UNU T Fisheries Training Programme 12
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The breakeven analysis is done to determine the required production quantity to
cover production cost and requirement for profit and annuity payment. A simple
breakeven analysis is the first measurement that could be made by using cost
estimation and asimption of revenue (Pillay and Kutty 2005). However, the break
even analysis is not a formal method for measurement of profitability.

The net present value (NPV) is a popular measurement in profitability analysis
because it takes into account the timéugaof money and interest rates. The NPV
assessment also enabt®mparison with alternative investments at different levels of
risk ( O6Rouke 2007) . I n profitability
assumption of revenue are used in evaluating ime&st opportunities andhé¢
likelihood of achieving profitability is estimated through obtaining a positive value of
NPV (Curtis and Howard 1993). The internal rate of return (IRR) is also used in
profitability analysis. IRR is related to the NPV methodcsitRR is the rate when
applied to the projected future cash inflows which resulted in NPV equal to zero
(NPV=0).

Sensitivity analysis is used to determine how different values of independent variables
such as cost of production, price, production qunamind interest rate will affect the
NPV, IRR and brealeven quantity. Sensitivity analysis is used to predict the financial
feasibility, if a situation turns out to be different from the assumption or estimation.

2.4 RAS and environmental issues

Aquacultue is faced with challenges created by population growth and the resulting
competition for water, land, and other natural resources. In some cases, these
challenges are being met by intensifying the culture operations. The tendency to
intensify fish culturen RAS, like other agricultural projects, is an attempt to obtain
higher yields for a given critical resource which is water (Piedrahita 2003).

Aquaculture effluents contain various constituents that could cause negative impacts
when released into the dronment. The constituents include dissolved or particulate
organics and the impact on the environment depends on the amount, concentration
and the assimilative capacity of the environment for the particular constituent.

RAS is seen as an environmentdiliendly aquaculture method. This is because the
RAS water treatment process is designed to minimise water requirements which leads
to a small volume of effluents. The effluents are accumulated into a sedimentation
basin or tank which will facilitate tegment before discharging to the environment
(Piedrahita 2003).

UNU T Fisheries Training Programme 13
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3 MATERIALS AND METHOD
3.1 Materials

Two types of RAS were set up for this project, i.e. a system with and without a

biological filter. Each system has two culture tanks and the total water @dium

each tank is 750 I. Both systems were fitted with identical pipe size, pump, aerator,
oxygenator, reservoir tank and sedimentation tanks of similar capacity. The setting up
of the system at Holar College Aquaculture Facility in Saudarkrokur was etadpl

on 4 January 2008. The layout of the system is shown in Figure 3.

o= e 1 = R
Tank1 Tank2 R (’ e “\[
| 1

Tank 1, Tank 2 - Fish culture tanks x"—"
R - Reservoir tank

SF - Sandfilter

BF - Biofilter

AZLHO - Aerator & Low Head Oxygenator

- Pump
- Fresh water inlet

Figure3: Layout of the RAS project at Saudarkrokur Aquaculture Facility.

Storage and fresh water enters the system at the reservoir tank. Theswtatan i
pumped to the two fish culture tanks. The water level in the culture tanks is controlled
by the external stand pipe that delivers the discharge or used water to the reservoir
tank. Discharge water in the reservoir tank is pump to the sandfilteerfooval of
suspended solids and then delivered to the aerator and oxygenator to add oxygen or
remove carbon dioxide or delivered to the biofilter for the nitrification process.
Treated water from the biofilter is delivered back to the reservoir for réstiiamu

3.2 Component description
3.2.1 Culture tank

The tanks are made bbreglassreinforce plastic (FRP). They are octagonal, 100 cm
width x 80 cm height, operating at 760e capacity. Water is delivered to the tanks
through four 8 mm orifice holes in ti®&/C pipe. The water flow rate and velocity to
meet dissolved oxygen requirements and body length of fish could be adjusted by a
valve. A picture of the culture tanks is shown in Appendix 1(a).

The water level in the tank is controlled or set by the diffee in height between the

external stangbipe at the outlet to the reservoir tank. Water is discharged to the
reservoir tank through the bottom central drainage. The water flow from the central
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drainage and outlet pipe could also be periodically disenhtg remove settling
solids in the pipe joints and surface.

3.2.2 Reservoir tank

The reservoir tank is made of high density polyethylene (HDPE). It is circular, 68 cm
diameter x 64 cm height, thus having a 230 | capacity. Water is delivered to the
reservoir ank through connection with the external stk that controls the water
level in the culture tanks. From the reservoir tank, the water is pumped through the
sandfilter unit and delivered to the aeration or biofiltration unit.

Fresh or make up watertens the system from the reservoir tank and the water that
exits the reservoir through a discharge pipe, controls the water level in the reservoir
tank. For the system with the biofilter, the biofilter unit returns the treated water to the
reservoir tankdr recirculation. The reservoir tank unit is shown in Appendix 1(b).

3.2.3 Sedimentation tank

The 15 | sedimentation tank is attached to the culture tank as shown in Appendix 2(a).
It is circular with a cone shape bottom for settlement of solids such as urfeade
andfaeces The sedimentation tank could be flushed out periodically and the excess
water that flows through is delivered to the reservoir tank.

3.2.4 Pump and sandfilter

A 0.55 kWh Pinnacle 75 water pump is plumbed to the reservoir tank. The water
pumpworks as part of the sandfilter, Triton 7@. It delivers the water for treatment

to the aerator or biofilter via the sandfilter. The pipe size for the inflows from the
reservoir and outflows to the sandfilter
specifcation, the Triton TR60 sandfilter has a water flow or treatment capacity of 14

m® per hour. The sandfilter has a 40 kg of activated carbon and 108 kg of sand
substrate capacity. The layout of the pump and sandfilter is in Appendix 2(b).

3.2.5 Aerator and lonhead oxygenator (LHO)

The aerator and LHO is a combined unit. Its measurement is 37 cm diameter x 180 cm
height. The aerator and LHO is custom made for the existing facility and is used for
this project. The aerator and LHO unit is shown in Appendix. 3{gter from the
sandfilter flows through the aeration chamber filled with polypropylene bio ring,
shown in Appendix 3(b) for carbon dioxide stripping. Ambient air with a content of
20% oxygen is absorbed by the aerator and flows in the opposite direttibe

water dropping down the aeration chamber for infusion of oxygen and stripping of
carbon dioxide. The water then flows to the LHO column where air containing 90
95% of pure oxygen generated by the oxygenator is added to the water. The SeQual
Workhorse-12 Oxygen Generator at the facility could generate up to 5.5 standard | per
minute of 9895% pure oxygen (SeQual Technologies Inc. 2008).

The hydraulic loading volume of the aerator and LHO unit could be adjusted using the
transparent tube that gaugks water level inside.
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3.2.6 Pipes and valves

The size of all PVC pipes is 40 mm except for the discharge or drainage pipe from the
culture tank to the reservoir tank and clear point. The size and slope of pipe were
selected to transport water at a velpcgufficient to deliver oxygen, prevent
sedimentation and minimise head loss. Pipe etedrpoints were installed to allow
flushing of solids that might deposit in the pipe surfaces.

3.2.7 Biofilter

The biofilter tank for this project is made by the stafHaflar University College. It

is made of HDPE, measuring 68 cm diameter x 150 cm in height. The biofilter used
was a 1 mm polystyrene microbead as substrates for colonising bacteria film to attach
on. \:Tv§eighing around 2 kg, the specific surface area of ubstiate is estimated at

492 nT,

Water is delivered to the biofilter through the orifice holes made in the PVC pipe. The
water then drips through the orifice plates to the floating microbead. The hydraulic
loading to keep the microbead afloat is contwlley the elevation of the flow of
nitrified water from the biofilter to the reservoir tank. The polystyrene microbead and
biofilter tank design are shown in Appendix 4(a) and (b).

The summary of size and specification of the system components is in Append
3.3 Performance evaluation methods
3.3.1 Standard oxygen transfer test

The standard oxygen transfer test was used to test the efficiency of the aerator during
pre-operation testing. The reservoir tanks were filled with deoxygenated water using
nitrogen gado lower the level of dissolved oxygen concentration ab8%. Gradual
measurements were made at equal time intervals on the time taken to achieve 100%
saturation levels of oxygen concentration and the oxygen transfer coefficient was used
to estimate thetandard oxygen transfer rate and standard aerator efficiency.

3.3.2 Carbon dioxide removal test

The carbon dioxide removal test is done by adding 5 msutgthuricacid to 230 | of
water in the reservoir tank to lower the water pH. Acid addition will shéttbtal
carbon equilibrium from bicarbonate (HgOto carbonic acid (HCOs) and then
carbon dioxide (Cg) at a lowepH value.

3.3.3 TANremoval test

Testing for the efficiency of the biological filter in removing total ammonia nitrogen
(TAN) started after sicking of 30 kg of fish per tank. The biomass of fish is set at 40
kg per ni and 155 pieces of 200 g Arctic chaBafvelinus alpinusper tank. The
measurements of TAN were made twice a week from 29 January until 15 February
2008.
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3.3.4 Water flow rate

Testirg for performance of the pump was conducted by measuring the flow rate of
water per unit time. However, the flow rates could be controlled using valve and
adjusted to the required level which is calculated at 18.75 | per minute based on the
expected timeaken by water to circulate and exit the 750 | tank in 40 minutes.

3.3.5 Comparison of performance

Data collection for comparing any difference in performance of the system in
delivering oxygen and removing carbon dioxide were done after stocking of fish.
Measuwements of dissolved oxygen were made daily from Monday to Friday and
twice a week for carbon dioxide in the two systems.

3.4 Financial feasibility

3.4.1 Assessment method

The financial feasibility of the scalgp system in Malaysia is assessed using the
breakeven analysis, profitability analysis and sensitivity analysis. The first two
methods calculate the breaken quantity, net present value, internal rate of return
and other financial indicators.

The sensitivity analysis analyses the impact of one uncdeetor change at a time,
such as change in selling price or cost of production or production quantity that affect
the feasibility of the project.

3.4.2 Financial requirement

The total financial requirement to start the project is Malaysian Ringgit (MR)
323,7/00.00 (Table 2). Thirty percent will be financed by an equity contribution from
MFDA Internal Funding and 70% by bank loan.

Table2: Financial requirement

Particulars Amount

Start-up

Investment cost RM 263,700

Working capital RM 60,000

Total financhg required RM 323,700

Annual operation RM87,600

Fixed cost RM166,500

Variable cost RMRM 254,100 refer to costing in

Total appendix 7 (Fixed Cost and variak
cost)

Sources for estimation of the investment costs, fixed costs anable costs are
stated in Appendix 6 and 7. The amount for working capital needed is based on the
cash flows in the balance sheet (Appendix 17) and the cash flows should not be
negative.
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3.4.3 Financial assumptions

The project assumes a constant produadbB2.5 metric tons of fish from the third

year based on the production capacity. The market price of seabass produced in net
cage in Malaysia is MR 12.004.00 per kgohd. Fariduddin 2006)However, this

project set a selling price of RM 16,000.00 pmm based on the assumption that an
RAS farm could produce better quality and more uniform sized fish, thus selling at a
higher price.

To perform the simulated measurement of profitability, the financial rate and
assumptions are as shown in Table 3.

Table3: Financial rate and assumption

Particulars Rate Source/reference

Loan 70% Malaysian Agriculture Bank
Equity 30% Internal funding of MFDA
Loan interest 4% Malaysian Agriculture Bank
Income tax 20% Malaysian tax structure
Discounted rates 10% Marginal attractive rate of retur
Payment period 8 years Negotiation

Dividend payment 30% of profit Negotiation

Debtors 15 % of turnover 45 days credit

Creditors 15% of variable cos 45 days credit

The loan interest rate is 4% pemaim under the Fund For Food Progravialaysian
Agriculture Bank 200§ and the income tax rate is based on the existing Malaysian
income tax structure (Malaysian Inland Revenue Board 2008). The marginal attractive
rate of return is based on the best gassalternative investment in the market.

3.5 Scaleup system

3.5.1 Size and specification

The scaleup system in Malaysia has a production projection of 22,500 kg of seabass
(Lates calcarifey annually. Assuming an 80% survival rate, the stocking density of

fish at market size is 50 kg per métef water. The size and specification of the
scaleup system in Malaysia is summarised in Table 4.
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Table4: Size and specification of the main components of the-sgatg/stem in

Malaysia
Component Size/model Capacity Quantity
Culture tank Circular, 3.6 m x 1.5 m height 15,000 | 6
Uure tanks 1 Gircular, 3.0 m x 1.5 m height 10,000 | 6
Circular, 2.2 m x 1.5 m height 5,500 | 3
Reservoir tanks Circular, 1.6 m x 1.2 m height 2,400 1 5
Circular, 1.4 m x 1.0 m leight 1,500 | 1
Sedimentation . .
tanks Circular, 0.3 m x 0.3 m height 20| 6
Aerator and LHO | Cylinder, 50cm x 180cm height| 19 desimetéir/sec 6
Oxygenator Quad 40, SeQual Oxygenator 15 standard | @min 2
Sandfilter Triton TR 100, 80 kg sad 22 n/hr 6
substrate
1.0-1.5 kg polystyrene
. Cylinder, 100 cm x 200 cm microbead
Biofilter height 40006000 i specific 6
surface area
Pentair Pinnacle, 1.5 kWh moto| 30 ni/hr or 8 Isec 5
Pump Pentair Pinnacle, 1.0 KWh moto 18 m3/hr or 5 I/sec 2
Pentair Pinnacle, 0.5 kwh moto 15 m3/hr or 4 l/sec 1
Pipes 70 mm, PVC, 8 orifice holes 6 l/sec

3.5.2 Species selection

Seabass is a native species in Malaysia. It is a euryhaline species and can be farmed
either in fresh and brackish water. It grows bestuliure environment as shown in

Table 5 (Tookwinas and Charearnrid 2008). Seabass is the leading marine finfish
species being cultured in Malaysia because of the availability of juvenile from
artificial breeding in hatcherie$/phd. Fariduddin 2006)and ts rapid growth rate. It

could grow to 35 kg in 2 years in the wild (Tookwinas and Charearnrid 2008).

The species has an established market in the Malaysia, including live fish for seafood
restaurant. The ebarm price of seabass in Malaysia is RM-1&per kg. However

the price of live fish delivered to both the domestic and export market is RBO 25

per kg Mohd. Fariduddin 2006)
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Table5: Physiachemical properties of water suitable for seabass culture in Malaysia

Water parameter Range

Dissolved oxygen 4.0-8.0 mgl

Salinity 10-31 ppt.

pH 7583
Temperature 26-32°C

Turbidity 010 ppm
Ammonia nitrogen 00.02 ppm

Source: Tookwinas and Charearnrid 2008
3.5.3 Site selection

The propose site is Sematan, approximately 105 km northwest of Kuching, the capital
of Sarawak that has a population of 600,000 people. Sematan has supporting
infrastructure facilities such as a good road to Kuching, electricity and water supplies
and a telecommunications system. Sematan is situated on the coast of the South China
Sea as shown in the map in Figure 4.

Figure4: Map of Sarawak showing the location of the proposed RAS farm in Sematan
(SourceMicrosoft Encarta 2008)

The general parameters of the water at the South China Sea, the source of water for
the proposed farm is shown in Table 6. The water parametersinailar to the
physiocchemical properties of sea water suitable for seabass culture as shown in Table
5.
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Table6: Water parameters for RAS farm in Sematan

Parameters Average
Salinity 30 ppt.
Temperature 29°C
Dissolved oxygen 6.5 mgl

PH 7.7

Turbidity 010 ppm

Source: Syarikat 2008

4 RESULTS
4.1 Pre-stocking performance test results
4.1.1 Standard oxygen transfer rate (SOTR)

The facility has three units of 0.09 kWh air blowers for the aeration system and the air
blowers are operating simultaneously. Measwuents of the air volume were done
using the PitelTube measurement. The aerator delivers 19 I/s air volume at a flow
rate of 1 I/s, the gas liquid ratio is 19:1.

Two tests were conducted for each system. (The test bypasses the biofilter, but for
identification purposes, the system is referred to as with and without biofilter). The
test for the system without biofilter which was done at a flow rate ofL.B24/s,
reached 100% DO saturation at 10.3 mg/l after 10 minutes compared to 15 minutes at
a flow rae of 0.900.95 I/s for the other system. The SOTR and standard aerator
efficiency (SAE) of the system at different flow rates and different starting oxygen
saturation levels are shown in Table 7.

Table7: SOTR and SAE at differéflow rates

Test flow rate (I/s) | Starting saturation System Mzgl—/Se c gOSZ;?(\EVh
Dol_éa"' 55% Without biofilter | 22.1 295
D(ﬁ 21b 55% Without biofilter | 20.3 270
%%2; 44% With biofilter 10.4 138
Dgg%b 50% With biofilter 12.2 162

The test results indicate that the higher the flow rate, the more efficient the aerator is
in transferring oxygen.

Data for the aerator efficiency tests and calculation for the coefficient of oxygen
transfer, SOTR and SAE are in Appendix 8a, 8b and 8c.
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4.1.2 Carbon dioxide removal

Two tests were conducted for each system. With a gas to liquid ratio of 19:1 and
vertical column of 0.37 m diameter x 0.9 m height filled with a bio polypropylene ring
for gas liquid interface, the aerator efficiency in removaletdtive carbon dioxide is
estimated at 70% (Timmoret al 2004). The results of the carbon dioxide removal
test are shown in Table 8.

Table8: Results of the carbon dioxide removal test on the system
Carbon dioxide removal tes

Flow rate: 0.5 lit/sec

Time PH |Temp°C |Salinity |CO,(mg/L)
Before 7.7 ]110.3 20 1.92

0 min 6.41 |10.3 20 23.97
After 15 min | 7.25 |11.2 20 3.00

After 45 min |7.6 |[11.8 20 1.43

Carbon dioxide removal test]

Flow rate : 1.5 lit/sec

Time PH |Temp°C |[Salinity |CO,(mg/L)
Before 7.98 |110.6 26 1.36

0 min 6.65 | 10.8 26 12.66
After 15min | 7.73 |11.4 26 1.43

After 45 min | 7.86 | 12.2 26 1.03

The levels of carbon dioxide in the water source before addition of Zalpthuric

acid were 1.92 and 1.36 mg/LyRdding acid, the Total Carbon equilibrium is shifted
from Bicarbonate (HC¢) to Carbon dioxide (C&. The CQ concentrations after acid
addition were 23.97 and 12.66 mg/L respectively. After 45 minutes of aeration, the
CO; levels were back to 1.43 and)3 mg/L for Test 1 and 2. Both levels were below
the level for incoming water source, which indicated that the aerator were able to
remove the rise in CQOconcentration that result from the change in equilibrium of
Total Carbon in the water by adding aeidd also C@that is present in the incoming
water source.

4.2 Operation performance test results
4.2.1 Water exchange rate

Arctic charr were reared in the culture tanks from 22 January 2008. The water flow
rate for both systems was set at 30 I/minute. Howekrerfresh water intake rate was

12 I/minute for the system without biofilter and Q/finute for the system with
biofilter. At that intake rate, the volume of water needed per day was £#@ the
system without biofilter, a 1000% water exchange raeday, whereas the system
with biofilter exchanges 40% of the water volume daily.
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4.2.2 Delivery of dissolved oxygen

The average daily level of DO delivered to both systems was 10.5 mg/l. There was no
difference in DO levels in the water for recirculatiom bwth systems, as shown in
Figure 5. However, there was a slight difference in the average daily oxygen
consumption between the two systems as shown in Figure 6. The average daily
oxygen consumption for the system without biofilter was 2.06 mg/l compare@0

mg/I for the other system. The slight difference was due to a different amount of feed
consumed by the fish. The data for delivery and consumption of oxygen are in
Appendix 9.
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4.2.3 Carbon dioxide removal

The average C{evel in the two tanks for the system withdufilter was 3.20 mg/I
whereas the average @@ the reused water that has been aerated was 2.01 mgll.

This indicates that the system had remove 1.19 mg/l of t8& was produced as a
result of fish metabolism.
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For the system with biofilter, the avem@Q level in the two tanks was 3.10 mg/I.
The average C£n the aerated water for reused water was 1.87 mg/l. This means that
the system had removed 1.27 mg/l of @Om the water in the culture tanks.

Based on the average ¢l@vel and the average aputity of CQ removal, there is no
difference in the performance of the system in removing carbon dioxide, even at
different water exchange rates. The levels of, &0 both systems are below 5 mg/I,

the safe level for salt water aquaculture (Figures 78and

ECO2 AverageT1 and T2

B CO2 Reused water inlet

ECO2 Average Removal

COslevel and Removal
(mg/L)

Figure7: Dissolved CQlevel and removal quantity in the system without biofiter
explain above

_ 500
;
S 400
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= njl ’ BCO2 Average T1 and T2
; g 2,00 B CO2 Reused Water Inlet
i?l 1,00 B CO2 Average Removal
8 0,00

5 8 10 13 15 18

Days

Figure8: Dissolved CQlevel and removal quantity in the system witbfitter as
explain above

Data for the CQIlevel and removal quantity of G@re in Appendix 10.

4.2.4 TAN removal

The system without biofilter relied on 12 I/minute of new water intake to remove
ammonia. The average TAN level for this system was 0.286 rdgivever, the
average TAN level in the system with biofilter was 1.051 mg/l. The difference was
big, as could be seen in the different levels of TAN plotted on a bar graph having a
similar scale (Figures 9 and 10).
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The quantity of TAN removal is the diffaree between TAN in the culture tank outlet
and TAN in the water for reuse. The quantity is 0.020 mifyrig™ using 12 I/minute

of new water. The system with biofilter has a negative removal of TAN from day 13
onwards. The quantity of TAN in the reused &vais higher than TAN in the tank
outlet water. The data from this study could not categorically explain why but it could
be due to insufficient production of TAN for the nitrification process in the biofilter,
or TAN that is in the sandfilter. However,etlfAN levels for both systems were at
safe levels, less than 3 mg/l which is considered critical for fish in similar
environments.
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FigurelO: TAN level and removal quantity in the system with biofilierexplain
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As shown in Figures 9, 10, 11 and 12, TAN andsMHlevels increased with time.
This was due to the rise in metaloolvaste in relation to increased feed consumption
by fish after a week.
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Data for the TAN levels and removal quantities in both systems are in Appendix 11.

The more critical measurement for fish growth is the unionised ammonia nitrogen,
NHs-N. The level ® NHs-N in the culture tanks had been low at less than 0.005 mg/I
for the system without biofilter and 0.015 mg/I for the other system. These levels did
not exceed 0.025 mg/l, the maximum level for Arctic charr culture. However, the
NHs-N level in the inlé for recirculating water almost reached the critical point for
the system with biofilter from day 15 to 18. This study has not identified the cause(s)

for this abnormality due to insufficient time.

Figures 11 and 12 show the levels of ;NW during the priod. To show the
magnitude of the differences, the bar graphs are drawn on the same scale. This
indicates that there was a significant difference ingNHlevels between the two

systems.
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Figurel2 NHs-N level inthesystem with biofilter at 0.4 times water exchange rate
per dayas explain above

Data for the levels angemoval of NH-N is in both systems are in Appendix 12.
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4.2.5 Removal of solids

Self removal of solid wastes, the uneaten feedfaadesfrom the culture tank was
efficient. However, wastes that deposit in the joints of the discharge pipe from the
culture tank to the reservoir tank need to be removed daily. The wastes that
accumulate in the sedimentation tank need to be flushed out manually. The effluents
that accumulate in the sandfilter need to be flushed out by a backwashing process.

4.3 Financial feasibility
4.3.1 Breakeven analysis

The estimated variable cost of production is RM 7,400.00 per metric ton of seabass.
Selling the fish at RM 16,000.00 per metric ton, the net profit contribution is RM
8,600.00 per metric ton

The breakeven analysis using assumptiansvariables and fixed costs of production
and sales prices shows the simple brexadn quantity is 10.5 t (Figure 13). However,
the total brealeven quantity for the project is 21.3 t per year. A calculation for the
total breakeven quantity is shown Appdix 13.

400
g
8 300
E /
x 200 e = fix cost
w
,—E 100 | cmm—— T cost
0 rev

1 3 5 7 9 11 13 15 17 19 21 23

Metric Tons

Figurel3: Simple brealeven quantity based on variables and fixed costs of
production

4.3.2 Operation gain or loss

Based on the operation statement in Appendix 14, the operating surplus or the earning
beforeinterest tax depreciation and amortisation (EBITDA) of the project is at RM
105,000.00 annually from the third year of operation. However, the annual total
operation gain or loss after deducting depreciation ranges from negative RM
62,000.00 in the firstgar to surplus RM 80,000.00 from the sixth year onwards. After
annuity payment, the net profit of the project over a 10 year period is RM 330,000.00.
The projection of annual operation gain or loss and net profit of the project are shown
in Figure 14.
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Figurel4: Projection of annual operation gain/loss and net profit/loss from-2008

4.3.3 Net present value and internal rate of return

Total capital refers to the capital obtained by loans from financial institutiots a

equity is the amount contributed by the owners or shareholders of the project. The

project had an NPV of total capital at RM 112,000.00. However, the NPV for equity

of the shareholder is higher at RM 158,00.00. This positive NPV indicates that the
project is profitable over a 10 year period even though it shows negative NPV of total

cash flow until the sixth year. The NPV net cash flow of total capital and NPV net

cash flow of equity are shown in Figurel5.
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The IRR is 17% and 30% for total capital and equity respectively in the/ddr as

shown in Figure 16 and the assumption and result worksheet in Appendix 15. It is
above the loannterest at 4% and also above the marginal attractive rate of return

(MARR) at 10%. (The MARR is based on the expectation that the project will

generated 1 0 %
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The data for the IRR of net cash flow of total cabé@nd equity are in the cash flow
worksheet (Appendix 16).
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Figurel6: IRR of net cash flow of total capital and equity of the project
4.3.4 Sensitivity analysis

This project is sensitive to drops in selling price pnobuction quantity. The NPV of
total capital drops from RM 112,000.00 to RM 20,000.00 at RM 15.00/kg and to RM
41,000.00 at 95% production quantity. The NPV of total capital rises to RM
200,000.00 if the price increases to RM 17.00 per kg of fish andigiiod quantity
rises to 24 metric tons annually.

The parallel lines for the NPV of total capital and NPV of equity means changes in
selling price and production quantity has similar effects to both NPV of total capital
and NPV of equity. This also meatisat the NPV of total capital increases or
decreases proportionately to the increase or decrease in NPV of equity due to changes
in selling price as shown in Figure 17 and also increases or decreases in production
guantity as shown Figure 18.
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Figurel7: Impact of change in selling price on NPV of total capital and NPV of
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Figurel8: Impact of change in production quantity to NPV of total capital and NPV

of equity

In terms of costing, a 10% increase in cost of operation led to a drop in the NPV of
total capital by RM 122,000.00 from RM 112,000.00 to negative RM 10,000.00. The
NPV rises by RM 113,000.00 to RM 225,000.00 for a 10% reduction in cost (Figure
19). Howeverthe working capital, i.e. the funds needed to sustain the project before
full production and sales is achieved, increased from RM 60,000.00 to RM 75,000.00
for a 10% increase in costs of operation and reduced to RM 50,000.00 for a 10%

reduction in costsfaperation.

The effects of changes in operation costs on the NPV of total capital and the NPV of
equity is similar in proportion and value. This is indicated by the parallel lines of the

NPV of total capital and of equity in Figure 19.
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Figure19: Changes in proportion and value of NPV of total capital and equity due to
increases or decreases in operation costs

Based on the NPV of total capital at RM 112,000.00, this project could sustain
operationsOdtkga doRM i.n selling price, a OS5
and a <10% increase in production costs. The project will have negative NPV if price

drops to RM 14.00 per kg or production quantity drops to 20 metric tons and costs of
production increase by0%.

At 17% IRR of total capital, it could also be concluded that the project could only
sustain operations at a ORM 1.00/ kg drop i
qguantity and a <10% increase in production costs. The impact of changes in price,
production quantity and costs of operation on IRR is shown in Figures 20, 21 and 22.
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_— ——IRR Cap
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14,00 15,00 16,00 17,00 18,00
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Figure20: Impact of changes in price on IRR of total capital and equity.
Figure 20 shows that the effects of changes in sqtliiog are different for the IRR of

total capital and the IRR of equity. The increase in IRR of equity is much higher than
the increase in IRR of total capital if selling price rises to RM 17.00 or RM 18.00 per
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kg. This means the equity owner gets a higieturn on equity than the return on
investment for total capital. The equity owner also gets higher returns compared to the
return on investment for total capital if production quantity increases as shown in
Figure 21 and costs of operation decrease Rgure 22.

However, the steeper curve means that the equity owner will be more adversely
affected by the drop in sales price, production quantity and increase in operation costs
as shown in Figures 20, 21 and 22.
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Figure21: Impact of changes in production quantity on IRR of total capital and
equity.
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Figure22 Impact of increase or decrease in operation costs on IRR of total capital
and equity

4.3.5 Comparison of cost efficieneyd profit margin
The average cost of operation at full capacity is RM 11,300.00 per t. Since the selling
price is RM 16,000.00 per t, the profit margin is RM 4,700.00 or 41.5% of the average

cost of operations. Based on the study by Hutchirdal. (2004) on the economics
of RAS producing barramundLé#tes calcarifey in Australia, the average cost of
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production ranges from AU $6,640.00 to AU $7,080.00 per t. Selling at AU $9,400.00
per t, the profit margin ranges from 32% to 42%.

For tilapia productn in the United States of America, Timmaisl. (2002) suggest
that production costs should not exceed US $3,680.00 per t. Selling at US $4,780.00
(at the time), the profit margin is 30%.

It is not possible to relate the production costs by just ctingethe value of the
currency to Malaysian Ringgit due to the difference in buying and selling price.
However, a comparison could be made on the percentage of the profit margin. Based
on the above information for the cost of production and profit mangiustralia and

the USA, the percentage of the profit margin for this project is within a similar range.

5 DISCUSSION
5.1 Technical feasibility

The SOTR ranges from 10.22.14 mg@/second indicated that the aerator and LHO
system are technically capabled#livering sufficient oxygen for fish consumption at

a flow rate of 1.01.5 I/second and a gas to liquid ratio of 1. This was proven by
the average dissolved oxygen for both systems, which was constant at 1% mgO
during three weeks of operatioWith the oxygenator, the system achieved 115%
dissolved oxygen saturation.

The aeration system was able to keep carbon dioxide concentration levels below 5.0
mg/l which are lower than the acceptable levels af07mg/l for salt water
aquaculture.

Critical to successful operation of RAS is the ability to remove TAN ang-NHIhe
biofilter system was able to keep TAN at below 3.0 mg/l and-Nkit 0.025 mg/l in

the culture tanks. However, due to short duration for data collection, this study was
not able o identify the cause(s) for the abnormality in TAN ands;M\HIevels in the
reused water for the system with biofilter.

The water exchange rate at 10 times daily requires a relatively high volume of water
for a system without biofilter in the scalg farm Further study or trials are needed

to determine the right exchange rate based on the storage facility and cost of pumping
even though the selected site has abundant water for recirculation.

In general, the project experiment went well as both systemss fivectioning in the
environment at the facility. Despite the abnormality in TAN and NNH&vels in the
system with biofilter, it is technically feasible to apply the design of both systems in a
scaleup RAS farm in Malaysia.
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5.2 Financial feasibility

This study had documented, where possible, the justifications behind the assumptions
by giving sources to estimations of costing, expectations of production quantity and
references to the financial variables. These documentations are necessary in order to
be transparent and attach credibility to the assumptions and establish confidence or
faith in the outcome of the study.

The sensitivity analysis shows the magnitudes of the changes to the profitability
indicators both in pessimistic and optimistic scenaribBe organisation could

evaluate the project better and assess the risk of funding the project under different
scenari os. For this project, it 1s sensiti
drop in production quanthndosts.and O10% incr e

The decision whether to proceed with setting up an RAS farm producing seabass at
Sematan depends on the specified criteria set by the organisation, for example a
project must achieve an IRR based on the expected return on investment and the NPV
of cash inflows corresponding to the expected IRR. If the decision criteria are set at
IRR 10%, thus achieving positive NPV in cash inflows at the end of the planning
horizon, this project should proceed.

If the project proceeds, the organisation neededos on the uncertainty factors that

are within their control such as production costs and production quantity to enhance
profitability. The organisation could also influence the price of fish products by
producing according to the quantity and qualityndeded of the market to increase
revenues and reduce financial risk.

6 CONCLUSION

This study has enabled acquisition of fundamental knowledge on how to design the
system, calculate technical specifications of water treatment components, test the
efficiency of the component and conduct a feasibility study of setting a bigger system
in Malaysia. The knowledge and experience gained will be useful in planning,
designing and operating an RAS farm because application of knowledge in designing
the system, water uglity management and financial prudence will have to be
coordinated before profit can be realised.
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APPENDICES
Appendix 1

(a) 4 culture tanks

(b) Reservoir tanks
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Appendix 2

(a) Sedimentation tank

(b) Pump and sandfilter system
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