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PREFACE

The submission of this master thesis marks theoénady MSc. Program in Aquaculture. The
study was carried out at the Department of Aninmal Aquacultural Studies of the Norwegian

University of Life Sciences.

Economic analysis of Recirculating Aquaculture 8gst (RAS) in the production of tilapia has
been the focus of many researchers worldwide. Atgdeal of emphasis was placed on the
biological and engineering aspects of the prodactinthese past researches. Research works
which incorporates the biological and engineeriegaliopments, together with the economics of
RAS in tilapia production are scarce in Norway. AAladvances in commercialization of RAS
technology in tilapia production in Norway is wigedccepted to be in its infancy compared to
other aquaculture production techniques. | beligivs study incorporating the biological,
engineering and economics associated with the ptmotu of tilapia on a commercial scale
would provide useful data for making logical andlegable inferences, as well as, basis on

which future researches into the economics of Ré&8dcbe hinged.

Differing from most of other studies on the econtsnof RAS in the production of tilapia, this
analysis primarily focused on the operational (inghcosts using data from both the prototype
RAS production and commercial scale production. theo analysis which incorporated
variables such as capital and infrastructure cagtsreciation rates and tax rates was developed,
but unfortunately excluded from this final repoetchuse the plausibility of some data used could
not be verified due to non availability of inforr@at. The financial feasibility of the various
production scenarios is discussed together withptteeluction variables found to have high

impact on profitability.

F. Appiah-Kubi As, May 2012
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ABSTRACT

An economic analysis of tilapia production was aactdd using a recirculating aguaculture
system facility, situated at the Norwegian Univigrsif Life Science (UMB). The goals were; (1)
to evaluate and estimate the operational cost weland from this, estimate the breakeven cost,
(2) identify and describe the constraints uniquéhi® RAS, (3) to perform financial feasibility of
a (hypothetical) scale-up production, and (4) tmdoct sensitivity analysis on some variables to
highlight their effect on profitability. All assurigns made in this study, production scale and
the economic analysis were based on the technaegign, and production parameters existing
at the UMB facility.

Tilapia (0.36g), were stocked in the tanks; tempee and water quality parameters were
carefully managed until the fish reached the hataidle size (700g) after 140days. The survival
rate and feed conversion ratio (FCR) were 91% artl r@spectively. Economic analyses was
conducted on three different production scenar{@$,‘actual’ production carried out at the
UMB facility, (2) analysis on the same scale ofduction, with the introduction of some
correctional data from commercial productions, a(®) scale-up (hypothetical) production
system based on the design criteria of the UMBifaci

The results showed that, the operational cost wagl the UMB production was high and
economically not viable. A price of NOK 73 is raqdito be able to breakeven relative to the
prevailing market price of NOK 40. The productionthis scenario needed to be increased by
54.8%, to be able to breakeven.

The introduction of cost data from commercial prations in the second analysis resulted in a
drastic reduction in operational cost. Breakeveit@rand breakeven yield estimated were NOK
42.7 and 1163kg respectively. However, for the esagl production, NOK 40.2 was the
estimated cost to breakeven. The breakeven yidilohaged for the scale-up production was
109663Kkg of tilapia. Indications thus, were thatpgpects for economic success with RAS under
Norwegian conditions can be improved by a largelesgaoduction. The sensitivity analysis
revealed that, reductions in the cost of productianables such as labour, feed, and electricity,
have marginal effects on profitability. Increasassales price and production scale were found
to have the highest impacts on profitability ancpiovements in these variables would yield
maximum profit.

Key words: Scale-up, sensitivity analysis, breakeven yietdakeven cost, economic analysis.
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1.0 Introduction

Aquaculture is one of the fastest growing sectdrgéood production in the world. Cultured
species such as tilapia, catfish, salmon, trowgtesg and clams are high in demand and the profit
level is very high. The boom in this industry caa &ttributed to the growing demand for a
healthy, tasty and affordable food as well as ties decline in wild fish populations as a result
of overharvest and water pollution (Helfrich & Lipea). The rampant pollution of fresh water
resources has also necessitated the need for therimy of fish in waters free from
contamination. Recirculating aquaculture systemR#&echnology has been found to provide a
way in solving this problem. This is a technologgsidned for holding and growing a wide
variety of aquatic species and defined as produatioits which recycle water by passing it
through filters to remove metabolic and other wasteducts (Kazmierczak & Caffey, 1995).
The systems can be designed to cater for differepacities and efficiencies. In comparison to
the traditional aquaculture practices, RAS offerorenindependence from the external
environment (i.e. increased levels of control) whiprovides a basis for improved risk
management (Rawlinson, 2002). Majority of the wertdapia productions are done using the
pond systems, however, in the temperate region§ RAmployed in the production due to the
cold climatic conditions. This makes the productemst higher since huge capital is expended
on the RAS construction and the running of othexdpction mechanisms such as heating,
pumping and filtering of the water (Alceste & JoR)02). A lot of European countries are now
using RAS in fish production; however, productiendl is very low compared to other forms of
fish culture (Martinset al.,2010). The construction and operation of thesgitfas require high
capital injection and this sometimes serves asiclsitive to prospective investors (Schneider et
al., 2006). To make up for this, high stocking gltes are required in the productions to be able
to cover the investment costs and generate ptédivever, the need for high stocking densities
also comes with some welfare challenges (Marinal., 2005). Aquaculture production using
RAS has been the focus of research and developh&ffaes of many groups for decades. Most
of the research has been going on outside Norwhgreas here, it has almost exclusively been
aimed at cold water species and there is consdguentiata on the economic performance of a

commercial scale recirculating production systeongifapia in Norway.



The purpose of this thesis project was to condace@nomic analysis on the production of

tilapia using recirculating systems and from theslace the following:

The operational cost involved in a closed recatioh systems in a temperate region.

» |dentify and describe the constraints unique tocthsed system culture.

» Conduct sensitivity analysis to highlight the vates that affects profitability

* To perform an economic analysis (financial feagipilof the systems in a bigger set
up.

» Suggest key areas where more attention shoulddusdd in future researches.

1.1 Species and Production Parameters

Tilapia, commonly, refers to a group cichlids cetisg of three economically important genera.
These are taxonomically distinguished from eachemthccording to their reproductive
behavioursTilapia, Oreochromisand Sarotherodonall commonly known as “tilapia” (Mjoun

& Rosentrater, 2010). The Nile tilapi@(eochromis niloticusand various hybrids are the most
commonly produced tilapia species (Green, 2008)efOess commonly cultured species include
Blue tilapia (O. aureus), Mozambique tilapi@.(mossambicys Zanzibar tilapia @. urolepis
hornorun) and red tilapia . rendalli and T. zilli. O. niloticusrepresents about 75% of the
world production (FAO, 2009a). Tilapia culture dam in either fresh or salt water, in tropical
and subtropical climates, but the culture can bastrained in temperate climates where
production must be carried out in indoor tanks (I&nWebster, 2006n Mjoun & Rosentrater,
2010). Optimal growing temperatures are typicaiyween 22°C- 29°C and spawning normally
occurs at temperatures greater than 22°C (Mjourn&eRtrater, 2010a). Most tilapia species are
unable to survive at temperatures below 10°C, amavily is poor below 20°C (Mjoun and
Rosentrater 2010b). They can tolerate a pH range of 3.7-11 dpitmal growth rates are
achieved between the pH of 7-9 (Ross, 2000).

1.2 Culture Attributes of Tilapia
The tilapias are second to carps in terms of pribolu@s farmed table fish and they exhibit some
unique characteristics that serve as a drive focantinual growth and may soon surpass carp

production. The global demand for their productshigh, can be cultured in a variety of



production systems and in different geographic argito contribute to the high world
production. They have been identified as a prinezigs for use in recirculating systems because
of their tolerance to crowding and low water qua{Drennen & Malone 1990). They are known
to have good-tasting, mild flavour flesh and widabtcepted as food fish, used in many cuisines.
A range of variant coloration offers consumersetght choices. Reproduction wise, they can
breed in captivity without hormonal induction of asming. They produce large eggs,
culminating in the production of large fry (at hatay) that are hardy and omnivorous at first
feeding. Sexual maturity is reached in less thamdhths, making them good candidates for
selective breeding. They are tolerant of a widegeaaf environmental conditions (Chervinski,
1982), including low dissolved oxygen levels (1 ppimgh ammonia levels (2.4 to 3.4 mg/L
unionized), and will grow in water ranging from @ici (pH 4) to alkaline-pH 11 (El-Sayed,
2006). Tilapia can tolerate G@p till 20mg/l and high k5 levels (Halver & Hardy, 2003) and
various strains can be grown in water varying itingg from fresh water to full strength
seawater (Watanabe et al., 1997).

They feed on a low trophic level with the consitts of the genu®reochromisbeing
omnivores, feeding on algae, aquatic plants, sinakrtebrates, detritus and in addition, a
variety of feeds of animal origin (Watanabe, 200R)e tilapias are able to grow rapidly on
lower protein levels and tolerate higher carbohtgltaan many carnivorous species cultured.
They can be fed with prepared feed that includagya percentage of plant proteins which are
comparatively less expensive than feed containifgga percentage of fish meal and other

animal protein sources.

1.3 World Production and Trade

In 2008, commercial aquaculture production wasua.8 million tonnes with a corresponding
estimated value of $3.7 billion. The production i@®casted to reach 3.7 million tonnes by the
end of 2010 (FAO, 2009; FAO GLOBEFISH, 2011a). B} 2, world production is expected to
reach between 4.6 million tonnes and 5 million 81 (FAO, 2010).
China is largest consumer and producer (producestd®% of global production) of tilapia,
with a production estimated at 1.15 million tonime2009, from 1.13 million tonnes recorded in
2007, from (FAO GLOBEFISH, 2010 and 2011b). In 20China’s production was expected to
reach 1.18 million tonnes by the end of the ye&(F2012).



According to the third quarter markets report fog yyear 2011, the EU markets imported about
15832 tonnes of tilapia and the figure shows a margncrease of 4% compared to the
importations for the same period in 2010 (FAO GLO®BEH, 2012b). The EU markets are
largely supplied by China, Indonesia, and Brazilaif has the highest imports of tilapia (3522
tonnes), followed by Poland (2267 tonnes). The meparther asserts that, demand for the
product is increasing and this has necessitatetitiion of some innovative projects in other
parts of the world, including in Africa to caterrfthe shortfalls. However, China’s contribution
to production levels would still rank the highestlat is expected that, prices for the commodity
would stabilize as the consumption grows. But astahds now, any reduction in production
levels and exports from China would likely haveimpact on the market price indices (FAO
GLOBEFISH, 2012c).

World Tilapia production of 3,200,000 ...
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Figure 1: Major Tilapia producing countriesin the world
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Figure 2: Global Aquaculture production of Nile Tilapia.FAO Fishery Statistic, 2011.

1.4 Recirculatory Aquaculture Systems

Recirculation aquaculture systems (RAS) are newaandique way to culture fish. In place of
the old conventional methods of growing fish, RA&IKs a means to rear fish in indoor tanks
where the environment can be controlled. The sydiéens and cleans the water for recycling
back through fish culture tanks (Helfrich & Libdy). In RAS, more than 90% of the water is
recirculated through a series of biological and maeacal filtration systems so that only a
fraction of the water is consumed (Rawlinson & Eas2000). “New” water is added to the tanks
only to make up for losses through splash outspenaion and for those that is used to flush out
waste materials. Fish cultured using this technplogust be provided with a congenial
environment and conditions suitable for growth amdemain healthy. Clean water, dissolved
oxygen, and optimal temperatures are required sarenbetter growth. These are achieved by
the filtration system, aerators and heaters ingated in the technology design. The filtration
system purifies the water and removes or detoxgreslucts harmful to the culturing media and
species. Organic particles from faeces and undaszhare removed by the mechanical particle
filters, whereas the poisonous metabolic waste yoisd TAN and NO2 (total ammonium

nitrogen and nitrite) are oxidized to less toxienpmunds (NO3) in nitrification filters. These

5



filters are sometimes referred to as aerobic el or nitrification filters. In the constructiar

the RAS facility, proper sizing of all system compats is very important. When the RAS plant
is oversized for its application, the system wofuldction but the cost of running the facility
would be high. Undersized RAS, on the other handules not be able to maintain proper

environment to sustain fish production.

1.4.1 Advantages of RAS

RAS offer various advantages ranging from reductvater consumption (Verdegem et al., 2006
in Martins et al., 2010)}o the provision of improved opportunities for waste management and
nutrient recycling (Piedrahita, 2008 Martins et al., 2010). The systems environment loan
controlled to achieve better hygiene and diseasgagement (e.g. Summerfelt et al., 2009; Tal
et al., 2009n Martins et al.2010). It offers a near complete environmental @b maximize
fish growth year-round, and the flexibility to ldeaproduction facilities near large markets
(Masser et al., 1999; Schneider et al.,, 2010) tivetea fresher, safer product and lower
transport cost (Timmons et al., 200l).terms of product security RAS offers a high aéegof
product traceability (Smith, 1996; Jahncke & Sclay&000) and biological pollution control
(no escapees, Zohar et al., 200Martins, et al., 2010). They may be used as graotsgstems

to produce food fish or as hatcheries to produgs emd fingerling, for stocking and ornamental

fish for home aquariums (Helfrich & Libey, c)

1.4.2 Risk Management and General Production techques

The systems are complex and require personnel thghrequired expertise to successfully
manage. Regular monitoring and management areregftd maintain the complex system
which involves heating, aeration, circulation anafilier systems. Any electrical or mechanical
breakdown may result in huge mortalities and thia major concern when culturing fish using
this system. To operate the system at maximum ar meximum carrying capacity, contingency
measures in the form of emergency alarms and bapkwer and pump systems needs to be
installed. Biological risk factors are very hightire use of this technology and constant attention
is required to swiftly deal with any anomaly whietay occur in order to prevent huge losses.

A recirculation system grows two organisms; fistd an culture of bacterial resident in the
biofilter. This requires constant monitoring of thiefilters to ensure optimum fish growth since

the efficiency of the biofilters is very criticab the success of the production (Kazmierczak &

6



Cafey, 1995b). However, these biofilters have theiitations and management of other parts of
the system may not compensate for the risks posdditee system may fail. Thus, technical
competence is required to perform various tasksh sas planning, implementation and
measurement of the performance of processes imdalvethe running of the setup and to
compare it to standards practices. Although pradocts the main priority, insight about

marketing trends are very important in order to imméze profit. Data collection by the manager
would provide a basis for comparison of the actugtome of the production process with the
average performance data (Huirne et al., 1992udeessful combination of the different areas

of management would ensure maximum outcome.

1.4.3 Recirculation Systems in Norwegian Aquacult@ industry

The production of freshwater fish for consumptignvery limited in Norway. Eikebrokk &
Ulgenes, (1997) identified strict environmental ukagions introduced to minimize the risk of
eutrophication of fresh water resources, diseaswester to wild fish stocks, and escapees making
a possible genetic impact on wild fish stock, asrémasons for the limited culture of freshwater
species. Recirculation which offers an alternativeans is somehow considered uneconomical
due to the availability of good quality fresh aradirse water in Norway. However, the trend is
changing and many farmers are now employing thiecidation technology. They further stated
that, the change in trend may be attributed todém@and for reduced water consumption rates,
the increase in biomass production per unit volom&ater, and the need for more economically
viable effluent treatment solutions that would tadkie environmental issues related to particle
separation and disinfection requirements.

Almost all the commercial scale recirculating systeare for salmon farming and none is known
to produce tilapia on a commercial scale. Aboutn@lion smolts are produced using RAS in
Norway (Del Campo et al., 2010) and these smoksvary high in quality; with high rate of
survival and growth after sea transfer (Terjesesl.e008). The culture of tilapia using RAS in
Norway is expected to receive much attention in niear future due to the growing world
population, high demand for the commodity, pollatiof fresh water resources and climatic

changes.



2.0 Materials and Methods

2.1 Description of the UMB tilapia laboratory

The tilapia laboratory at the Norwegian UniverafyLife Sciences (UMB) was established in
2006 and the first tilapia culture@feochromis niloticusNile tilapia), came from a Genomar
hatchery in Singapore as a yolk sac fry. This pafoh has been reproduced at the laboratory
ever since.

The Tilapia laboratory consists of 3 separate rqdi®sding section, reproduction room and
water treatment section. The feeding room has §Gebiks each 250L and 10 small tanks each
with a capacity of 100L.In addition 5 bigger tardscapacity 400L is also incorporated in the
system. All the tanks are connected to the resyseem with automatic feeders installed on each
tank. Feeding and light regimes can be easily &efjusising the automatic feeders and the
lightening system. The total water volume of thetegn is 7000L and more than 99% of the
water is re-used in normal operations, allowing dddition of only 2L freshwater per minute
(Hansen, pers.com). The flow rate is averagely If0i and a water temperature of 26°C is
maintained throughout the system.

The volume of media in the biofilter is 1.1m3 andkgy feed input would produce 0.04kg TAN
in the system, with a TAN removal rate of 25dege Titter media used is 1.2kg/m?3 per day in
normal operations. A level sensor in the biofiltenk is also connected to the fish lab alarm
system. Each fish tank has an individual aeratiokeep oxygen at an acceptable level for some
hours in case the circulation pump or the cenirbl@wer fails.

The facility was constructed by the University fesearch purposes and various research works
involving growth studies, nutrition and productiare conducted here. The facility is manned by
gualified technicians who manage the day to dayinghand also act as resource persons to
students when the need arises. Actual data on &f& & this facility and some other data on
commercial scale tilapia productions for this teesiork were collated under the guidance of
Bjorn Reidear, Hansen (a technician at the laboyato

Figure 3 below, shows the technology design andrtaie components of the system. The water
is aerated in the biofilter with the use of airvsés.



Tilapia reuse system

Main components

Drum filter

Sludge

Figure 3: A schematic design of the basic components of the facility.

2.2 Production Setup

The study was carried out for a 20 w period; from November 201-March 2011 (winter
period in Norway)About 1500 ingerlings of 0.36g size (1-5cm length) werproduced using
the hatchery setup at the facility i stocked in the tanks.hE various roduction parameters
(such as feeding, heating, and chemical analwere managed dailiill they were ready fo
harvesting A total of 1364 market siz(average weight of 0.7kg) tilapand weighing 1091.2k
were harvested at the end of production for thekati Data on the biogical parametersfeed,
survival rate, temgrature and p), engineering parameteasnd economical parameters (cos
feed, electricity cost, Laboumarket price) were recorded, and arenmarized in Tab 3. The
data obtained weranalysed and used in tteconomic model Qudge) estimations for the

production.



Figure5: Theweaning tanks used in the production.
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2.3 Production scenarios and models for estimatien

Three scenarios of production were developed aadepted in this project. The first scenario
deals with the actual production carried out atgretotype (UMB laboratory) facility. A second
scenario) budget was prepared for the same levetaafuction. Some correctional factors (cost
from commercial level production) were introduced this budget since the running of the
facility and other auxiliary activities carried oate geared towards research goals and may be
unrealistic in normal operations of a commercialSf&cility. In the third scenario, production
was scaled-up by the ratio 1/100. The models fomesions were applied to all three scenarios
of production and the various estimations, madeefwh scenario are presented in the results
chapter.

The models for estimations are the calculatory rsobased on which the various estimations

were made. Some of these tools would be describddtail under the various sub-headings.

2.3.1 Biological Model
These tool were used to estimate incomes and ptiodugrowth and mortality. The simplest

tool to use is the formulas for biomaBs(t), and biomass valu¥, (t):

B() = N(w(t) (1)
WhereN is the number of fish at tinteandw is the weight of the fish at tinte The sales output

(value of the fish) from the production is calcelhby multiplying price with quantity:

V() = pw)B(®) (2)
WhereV(t) is the biomass value and p(ig) the price pr. kg fish. The kg price is assumed t
increase as the weight of the fish increaggs(w) > 0). This formula does not take into

consideration the effect of seasonal variationtherprice of fish (Bjgrndal 1987).

Feed Conversion Ratio (FCR):

This is another important biological productiongraeter to consider.

FCR = —2 (3)
BM,—BM,—FT
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Where FCRis kg consumed feed per kg growH#B consumed feed in kg, BMs biomass at
harvest, BM is start biomass, or biomass at stocking, andsHish lost to mortality (Einen &
Roem, 1997).

2.3.2 Economic (model) Analysis techniques
These are the theoretical concept that represkatedonomic processes underlying the set of
production variables and shows quantitatively, tékationship between these variables. The
economic analysis methods employed in this thesigegt are:

i.  Cost-volume-profit analysis (breakeven analysis puaditability analysis)

ii.  Sensitivity analysis

2.3.2.1 Cost-volume-profit (CVP) analysis

The volume of fish sales relative to its expensas bBn important influence on financial
feasibility. Understanding the relationship betwabe volume of production and expenses
involved in the production plays a key role in a&shmg profitability objectives (O’Rourke,
1996). When sales volume is less than anticipabeplenses as a percent of sales must be much
higher than anticipated. In order to be more pabfeé, there must be an increase in
production/sales or decrease expenses or bothreldwtonship between sales and expenses as
well as the nature of the expenses is very impoitadetermining profitability of the venture.
This technique is used to examine changes in profitesponse to changes in sales volumes,
costs, and prices. CVP analysis is done to plamrduevels of operating activity and provide
information about the products of services to emsizea volume of sales needed to breakeven
and achieve a targeted level of profit; the amafmtevenue required to avoid losses; know
whether to increase fixed costs; determine how ntachudget for discretionary expenditures
and to know whether fixed costs expose the orgdoizao an unacceptable level of risk.

Breakeven analysis forms an integral part of tbisifof analysis.

The net income of the production can be estimasag the following formula:

Net income = Total revenue — Total production cost (4)
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Variable unit cost:
According to Hoff, (1998), Variable unit costs repent the cost involved to produce a kg of the
produce and it's given by the formula:

- £ (kg)cost = variable costs 5
variabte unit {kg)cost = Harvested Biomass ©

Marginal Contribution:
The marginal contribution is the amount of monedesl to cover the fixed costs and an

eventual profit.

Marginal Contribution = Operational income — Variable costs (6)
The marginal contributionper unitrepresents the profit per unit sale. It is a usetlantity in
carrying out various calculations, and can be @sed measure of production leverage.

The marginal contribution per uniC) in kg is given by Unit Revenu@rice, P) minus Unit
Variable Cos(V):

C=P-V @)

The Contribution Margin Ratids the percentage of Contribution over Total Rexgrwhich can

be calculated from the unit contribution over prite or total contribution over Total Revenue:

c P-V Total marginal contribution
=P x100= =

x 1009 8
Total Revenue % ®)

Marginal contribution in kg
This gives the kg required to cover the operatiaosts and profit equals zero.

Marginal contribution (NOK) 9
Cost of prod.per kg (NOK) )

marginal contribution in kg =

13



Breakeven analysis
Breakeven analysis informs producers about theeghey need to receive for their product in
order to cover all costs of production. It alsoigade to the producer, the kilogram of fish, and

price for the fish needed to cover the variabbeedi and total costs of production.

Breakeven price and breakeven yield/produce
The breakeven cost/price is the price at whichpteeluct must be sold in order for profit to be
zero. It is also the sales level at which the dogruevenue is exactly equal to the cost of making

the output.

total cost of production

Breakeven point =

quantity(kg)produced (10)

. Thebreakeven per unit yiele&epresents the number of units, or kilograms ne¢ade sold in

order to break even.

total cost of production

(11)

Breakeven/ unit kg = Unit price per kg

It should be noted that CVP is a short run, andgmat analysis which assumes that, unit
variable costs and revenues are constant. It alsonses that, fixed cost and variable costs are

separate and different.

2.4 Sensitivity Analysis of identified variables tht may affect Profitability

Sensitivity analysis was conducted to compare tteeteof some variables on the profitability of
the productions and to know the areas where anowepnent in performance may have a
positive impact on the economic performance of R#S (Losordo & Westerman, 1994). The
simplest form of sensitivity analysis (one-way sevisy analysis) was employed. This was done
by varying one variable by a (+/-) percentage d&dimpact on the financial performance of the
production were examined. The analysis was thpeated for the other variables identified in
the operational costs. Table 1, shows the imporariables that were included in the analyses
based on the results obtained from the UMB laboyatind the scaled-up (hypothetical)
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production. Feed, labour, and electricity cost waeemain costs involved in the operation of the
prototype (UMB) facility and were used in the sémgy analysis. Market/sale price was

included in the analysis to cater for the ever-gam pricing level. The identified cost variables
were varied by +/- 20% since such variations uguzttur in commercial productions (De lonno
et al.,2006). The price instability on the market was &tdor by comparing the performance at
prices NOK32 and NOK48.

Table 1. Summary of variables used in sensitivitglygses and the corresponding variations
applied to assess the potential impacts on theniiz performance of the UMB facility and the

scaled-up production.

Variable Degree of variation

Operational costs

Feed +/-20%

Electricity +/-20%

Labour +-20%
Production +/-20%
Revenue

Sales price NOK32 vs. NOK 48

2.5 Alternative budget and Economies of scale (sea-up production).

In order to assess and compare the dynamics aadtefbf the production parameters on the
profitability, an alternative budget for the sanexdl of production at the UMB facility was
developed using data on some operational costs tmmmercial scale production. Another
economic model (budget) was developed for a sgalpraduction (hypothetical) based on the

UMB facility design criteria, with a scale-up ratwd 1/100.
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Table 2: Basic costs and units of economic, engingeand biological parameters monitored at

the UMB facility.

Economic parameters Unit Unit price
Market Price/kg NOK 40NOK
Fingerling cost/g NOK/fing. 0.25NOK
Initial no. of fingerlings # 1500
No. Harvested # 1364
Feed cost NOK/kg 9NOK
Amount of feed used kg 1705kg
Electricity cost NOK/kW/Hr INOK
Labour NOK/hr 200NOK
Engineering cost

Production Cycle-days # 140
Production cycle weeks # 20
Number of tanks # 15
System volume liters 7000I
Cost of Water use NOK/1000liters 30NOK/m3
Flow rate [/min 1501/min
Electricity used kwW/hr 8.6kwW
Biological Parameters

Initial Biomass kg 0.36kg
Final biomass kg 1091.2kg
Survival rate % 90.9%
Feed conversion ratio # 0.8
Harvestable weight kg 0.7kg
Slaughtering cost NOK 3NOK/fish
Water Analysis NOK 10NOK each

Price of 1kW/Hr from Statistics Norway (2011). Tinee per kg of tilapia was arrived at after a

market survey conduct in Oslo.
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2.6 Cost estimations of the main operational areas the production setup
The various costs involved in the operation ofréaa@rculating system for the UMB and scale-up
productions; the amount of feed required in prodga kilogram of tilapia, electricity, labour

and maintenance were estimated individual as stomlow:

2.6.1 Fingerlings

The fingerlings used in the production were produaethe laboratory using the hatchery setup.
The eggs were manually striped, fertilized from Hieodstock and under careful temperature
regime manipulations, the fingerlings were produteteed the weaning tanks. A total of 1500
fingerlings, averagely 2.5cm in length and weighth86g were produced for the study. It must
be noted that, the cost of the fingerlings produvess estimated and used in the budget
estimations.The cost of one (1-1.5 inches) fingerling (0.369) the market is approximately
0.25NOK depending on the volume being purchasedgela pers. Com, November 4, 2010).
The total cost of the fingerlings was estimatede¢dNOK 375.

2.6.2 Feed and feeding

A feed containing all the essential minerals artdmins for a higher growth performance was
used in the production, with an estimated FCR 8f 8trict adherence was given to the regular
feeding schedules. Automatic feeders were usedigare frequent feeding intervals per day to
ensure high conversion rate and feed was evertiytiited on the feeders to ensure even growth
and prevent stunting. Total amount of feed usedegéimated to be 1705kg. The price of a kg of
the feed was pegged at NOK9 (Hansen, pers, comerhber 4, 2010). Generally, feed
constitutes the highest variable cost in every petdn and it is expected to vary with an
increase in production level. In the commerciaklefscaled up-1/100) production, the quantity

and cost of feed is expected to vary commensuratigyscale of production.

2.7.3 Labour Costs

RAS systems are highly sensitive to changes inntirenal operations. Changes in flow rate,
accumulation of waste particles and feed may caige mortalities and poor product quality.
Due to its sensitivity to changes, well trainedspemel are required to manage the abnormalities

which may occur daily. The labour cost for the UNdBoratory production was estimated from
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one hour per day's work, with an hour's wage pegged?00NOK (Hansen, pers, com,
November 4, 2010). Assuming a greater level of mation and economies of scale, an
estimated labour cost of NOK1.5 (Hansen, pers.¢éowvember 5, 2010) was assumed per a kilo
of tilapia produced for both the alternative andpdipetical commercial scale production
budgets. This figure was arrived at after consmgrihe labour cost in producing a kilo of
Atlantic salmon. According to Statistics Norway {40, the estimated labour cost for producing
a kilo of Atlantic salmon is NOK1.5. Due to the wadability of data on labour cost on tilapia
production, the labour cost for Atlantic salmon veasumed for the estimation purposes though
it is a known fact that the modes of culturing ditferent (salmon production is in net pens
whereas the tilapia was in tanks). Since this thpsbject is for educational purposes only, the

adopted figure for labour in these budgets wasmasduo be within range.

2.6.4 Electricity

The main components of the system that consumesnsiderable amount of power are the
heaters, pumps, and the feeddise system has 2 heaters with 3kW capacity eaateelpumps
were identified namely, pump for drum filter, andngp for circulation and the airblower for

cleaning the drum filter.

Table 3: Shows the various components where dadgtrusage occurs and the amount

consumed.
Component Number kW consumed Total (kW)
Heater 2 3Kw/each 6
Pumps
Drum filter 1 0.75
Circulation 1 0.75 2.1
Airblower 1 0.6
Hatchery/Feeders 0.5 0.5
TOTAL 8.6

Price of 1kW/Hr of electricity is approximately 1kr. (Statistics Norway, 2011).
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The heaters are thermostat regulated and are sditoch/off after use. The filters, pumps and
airblower are situated in a different room some faeeters away from the tanks room. Energy
loss occur in the form of heat through the tranpfexcess, building due to inadequate insulation
system, evaporation from the water surface, wastaraulation and splash out from the tanks.
Notwithstanding, about 75% of the heat generatedexycled (Hansen, pers.com, November 4,
2010). About 80% of total electricity produced ised in the running of the UMB facility
(Hansen, pers. Com, November 4, 2010).The pricékat/Hr of electricity is approximately
NOK1 (Statistics Norway, 2011). The same percenteage used in the electricity estimations for
the alternative budget and the scale-up produthayet.

2.6.5 Water analysis

Feeding and subsequent growth leads to the gemeratt waste products which reduces the
oxygen level in the system. These waste produad @ be removed because of their potential
negative impact on fish growth, and mortality. Methc waste products take two forms in most
recirculating systems; solids and total ammoniaogén (TAN). The toxic portion of TAN,
NHs-unionized ammonia nitrogen (UAN), is a componeinthe feedback mechanism that can
inhibit fish growth through loss of appetite anchigh levels, may cause fish mortality.

The biofilters control the buildup of UAN in thedirculating system whereas suspended solids
are removed from the system by the mechanicatdilfEhis makes the efficient operations of the
biological and mechanical filters very critical iee growth of the fish and the stability of the
recirculating system. An efficient operation of Ibdilters leads to the absence of growth
reduction or mortality feedbacks (Kazmierczak & €af1995c).

Three different analyses were conduction during‘#dotual’ production; TAN, N@ and NQ
analysis. A total of 150 analysis each were conducted dutire production at an estimated unit
cost of NOK10 (Hansen, pers.com). Cheaper methais ®mployed in carrying out these tests
during the production. According to Hansen, (pensicMarch 30, 2011), the ‘normal’ number
of chemical analyses conducted at the laboratorg iigh and thus a reduction in number

(60analysis) was recommended for the alternatilgbuand the scale-up production.
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2.6.6 Chemicals (Bicarbonate/Lime)-pH contral

In the RAS technology, the biofilters are incorgecato oxidise the ammonia generated. The
process proceeds in two stages; Nitrosomas bactenidize ammonia to nitrite and the
Nitrobacter bacteria oxidize nitrite to nitrate.rleach gram of ammonia nitrogen oxidised, 4.57g
of oxygen and 7.14mg of alkalinity as CaCO3 areuiregl and if the alkalinity is not replaced,
the pH of the water would drop (Hutchison et @004). A way of replacing the alkalinity
consumed is to add sodium bicarbonate to the syatelates up to 2509 for every 1kg of food
introduced into the RAS (Wheaton et al. 2002). &sgmated cost of lime used at the laboratory
facility was 5000NOK (Hansen, pers.com, March 301D). For the alternative budget,
efficiency of more than 95% was assumed and thdrastic reduction is expected in the cost of
bicarbonate used. The cost of bicarbonates usethé&estimations involving the alternative
budget and the commercial level budget was pegdgedN@K1l, 000 and NOK10, 000
respectively. The cost of bicarbonates is expedtedjo up with an increase in scale of

production since the amount of feed usage woulcease with an increase in production.

2.6.7 Slaughtering

Tilapia is processed by filleting, gutting or dettapion of the head. The cost of preparing each
tilapia for the market was pegged at approximad®pK (Hansen, pers.com, March 30, 2011).
This figure was arrived at relative to the cosslaiughtering a kg salmon in Norway. According
to statistics Norway (2011), the slaughter cost #orkilogram of salmon is NOKS.
Comparatively, the fillet yield from a kg salmonhigher than tilapia. This clearly indicates that
a considerable effort is required in slaughterifegpia compared to salmon. This figure was used

in all the budget estimations for every kilo oafila slaughtered.

2.7 Operational cost Analysis —-UMB RAS facility

The units cost of the Economic, Biological and HEegiring parameters are shown in Table 1.
The economic aspect deals with the unit cost @efiings, market price of a kg of tilapia, cost
of a kg of feed and the amount of feed used dutiregentire production. It also takes into
consideration the amount and cost of the elegtricied and labour cost relative to hours of

work per day. The engineering parameters inclugesiystem volume, unit cost of water, the
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flow rate, as well as the production cycle. Watealgsis, FCR, initial biomass, final biomass,

survival rate and slaughtering costs constitutebtbgical parameters.

2.8 Alternative budget

As indicated earlier, a careful assessment of igh bosts involved in the operations of the
UMB laboratory production, necessitated the develept of an alternative budget for the same
level of production with the introduction of someriectional factors. This was done by the
introduction of some data (costs) obtained from wancial scale production. Table 6 and 7,
summarizes the various cost estimates involvedhe groduction and the economic model

estimates respectively.

2.9 Scale-up

For the purpose of this thesis projects, the playsiwodel for scaling was employed and some
assumptions were made to support the model. It assumed that, geometric, dynamic,

kinematic, thermal and biological similarities exietween the prototype (UMB facility) and the

commercial scale (hypothetical) recirculating sgsteAlthough some of these assumptions
(dynamic, kinematic and biological) are difficudt tulfill in practical sense, they were assumed

to be achievable in this project.

The production level at the prototype setup wasesdcap by the ratio 1/100, with an assumed
survival rate of 91%. The amount of power consumad assumed to be 80% of the total energy
produced as in the earlier estimations (Hansers.q@an, November 4, 2010). Cost estimates
were developed using data from industry supplistatistics Norway and discussions with the
facility attendant at the UMB laboratory. A budgeds prepared for this scale of production and

the various economic analyses were developed.
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3.0 Results

The operating costs for the various scenarios wWeweloped for comparison purposes between

the different production scales and the resultpagsented individually below.

Table 4: Summarizes the fixed and variable cogsist of prod. Kg of tilapia and the % of

parameters to total production cost (UMB laboratpry

Parameters/category Total cost Cost/ kg prod/NOK % of total cost
Fixed cost

Electricity 23116.8 21.2 29.0
Fingerlings 375 - 0.5
Labour 28000 25.7 35.2
Water Analysis 4500 4.1 5.7
Bicarbonates 5000 4.6 6.3
Total fixed cost 60991.8

%of fixed cost to prod. cost 76.6
Variable costs

Feed 15345 14.1 19.3
Slaughtering 3273.6 3.0 4.0
Total variable cost 18618.6

%of variable cost to prod. cost 23.4
Total prod. cost 79610.4

Cost of prod. kg tilapia 73.0

Labour recorded the highest percentage cost indalveéhe production carried out at the UMB
facility, followed by electricity and feed in thatder. In this production, labour was treated as a
fixed cost since the hours of work and cost of woek hour by the facility attendant was fixed
and not subject to any increment regardless oflélel of production. Although costs of
fingerlings are sometimes treated as a variablé, @bsvas not done so in this case. In this
scenario, the level of production was up to theyoag capacity of the facility and there was no

room for an increase in production level.
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Table 5: Summarizes the estimations from the econmiodels for the UMB facility

Economic model Formula No. Amount
Sales/income 2 43648
Net Operating income/PL 4 -359662
Variable unit (kg) cost KO 5 17.1
Marginal contribution KO 6 25029.4
Marginal contribution kg 9 343
Marginal contribution pr unit(kg) NOK 7 2.
Gross margin ratio 8 57
Break even cost/price NOK 10 73.0
Break even yield/produce kg 11 1990.26

The net operating income shown from the table biei a loss relative to the production cost.
This is due to the high level of fixed costs invadvin this production. More was contributed to

overcoming the fixed cost than to profit.

Table 6: Summarizes the operational costs, coptafucing a kg of tilapia and the % impact of
each parameter to total production cost for theeaittive budget.

Parameters/category Total cost  Cost/ kg prod/NOK %of total cost
Fixed cost

Electricity 23116.8 21.2 49.7
Fingerlings 375 - 0.8
Water Analysis 1800 1.7 3.9
Bicarbonates 1000 0.9 2.1
Total fixed cost 26291.8

%of fixed cost to prod. Cost 56.5
Variable costs

Feed 15345 14.1 33.0
Labour 1636 15 3.5
Slaughtering 3273.6 3.0 7.0
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Total variable cost 20254.6

% of variable cost to prod. cost 43.5
Total prod. cost 46546.4
Cost of prod. kg tilapia 42.7

Electricity recorded the highest percentage cdkivied by feed. Labour is the least costs in the
variables and this is due to the assumed unit celstive to the level of production. As
mentioned earlier, labour shows economies of sadlen the scale of production is high and
therefore exhibited this tendency in the scale-updpction. Therefore, the labour cost is
expected to increase with any increase in prodaciiable 7, shown below indicates the various
economic model estimations.

Table 7: Summarizes the results of the economiehsstimations for the alternative budget

Economic model Formula No. Amount
Sales/Income 2 43648
Net Operating income/PL 4 -2898.4
Variable unit (kg) cost NOK 5 18.6
Marginal contribution NOK 6 23393.4
Marginal contribution kg 9 657.3
Marginal contribution pr unit (kg) NOK 7 21.4
Gross margin ratio 8 53.5
Break even cost NOK 10 42.7
Breakeven yield/produce kg 11 1163

The net operating income estimated indicates a imardoss. However, the potential to

breakeven with an increase production is high.

The production would be able to break even, wherkitogram produced from the setup equals
the breakeven yield. Any additional kilogram ofhfiproduced after the breakeven yield would

result in profit.
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Table 8 Summarizes the fixed and variable cositgl operation costs, cost of producing a kg of

tilapia and the % impact of each parameter on thglt production cost for the scaled-up

production.

Parameters/category Total cost  Cost/ kg prod/NOK %of total cost
Fixed cost

Electricity 2311680 21.2 52.7
Water Analysis 1800 0.02 0.04
Bicarbonates 10000 0.10 0.23
Total fixed cost 2323480

%of fixed cost to prod. Cost 53.0
Variable costs

Fingerlings 37500 0.34 0.86
Feed 1534500 14.1 35.0
Labour 163680 1.50 3.70
Slaughtering 327360 3.0 7.50
Total variable cost 2063040

% of variable cost to prod. cost 47.0
Total prod. cost 4386520

Cost of prod. Kg tilapia 40.2

Electricity constitutes the highest cost in theduretion, with cost of fingerlings being the least
among the main variables that affect profitabil@osts of fingerlings, feed, and labour were
treated as variable cost in this scenario, siney tire expected to vary with an increase in
production. Total fixed cost in this productiortigge was reduced drastically and the potential
for further reduction is high. This can be achiev®d the introduction of energy efficient

equipment which would reduce the power consumgéwal of the system.
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Table 9: Summarizes the results of economic mexteghations for the scaled-up (hypothetical)

production.

Economic model Formula No. Amount
Sales/Income 2 4364800
Net Operating income/PL 4 -21720
Variable unit (kg) cost NOK 5 18.9
Marginal contribution NOK 6 2301760
Marginal contribution kg 9 57544
Marginal contribution pr unit (kg) NOK 7 211
Gross margin ratio 8 52.7
Break even cost NOK 10 40.2
Breakeven yield/produce kg 11 109663

The PL estimated in this scenario indicates a matdoss in revenue (negative). However, there
is the possibility of making profit with a furthercrease in production since the loss recorded is

very marginal and increase in sales would offsetitlss incurred.

Table 10: Summarizes the results of the sensitiaitglysis performed for the identified
variables.

Production cost

Variable UMB Scaled-up prod.
Electricity costs

+20% -40585.8 -484056

-20% -31339.0 440616
Feed costs

+20% -39031.4 -328620

-20% -32893.4 285180
Labour costs

+20% -41562.4 -54456
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-20% -30362.4
Production output

+20% -8729.6

-20% 8729.6
Sales price

NOK48 -8729.6

NOKS32 8729.6

11016

-872960
872960

-872960
872960

The results from the production output and salésepsensitivity analysis produced identical

results for both scenarios analysed.
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4.0 Discussion

The operating costs were estimated for the varsmesarios and compared. The facility sizes
and the scale of production, labour, electriciggd and FCR, were found to be the principal
areas that have significant impact on the operatadrRAS. These together with the limitations
of the study are discussed individually below.

4.1 Cost of Labour

According to Samples & Leung, (1986), in practistlidies, labour expenses are generally
considered as fixed cost since they do not vargegponse to an increase in production scale.
Labour (35.2%) in the UMB production estimationgswreated as fixed costs since the cost
would remain the same regardless of an increapsonfuction scale-dowever, in the alternative
and scaled up production estimates, labour ancefimgs were considered as variables costs.
This is because the assumed cost of labour pef tiigmia produced is expected to increase with
an increase in production. In the alternative btidgbour formed 3.5% and 3.7% in the scale-up
budget. In commercial scale production, additidabbur may be required in areas of marketing,
management and general production. The amounbofitautilized on farms varies widely, but,
with increasing scale of production, specializatdnasks by individuals and the introduction of
labour saving devices (automation of some prodoatimmponents), it is expected that the unit

cost of labour per kg of tilapia produced will degse.

4.2 Electricity

Electricity constituted 29.0% of the total prodocticosts in the UMB budget. The percentage
increase highlighted in the alternative and scaledsudget estimations (49.7% and 52.7%
respectively) is attributable to the influence abdur cost reduction in these budgets. A
reduction in energy use ossible by improving the system design and managewf airlifts
and biofilters (Roque d’Orbcastel et al., 2009) dhnd incorporation of denitrification in the
recycling loop (Eding et al., 2009). Decreasing chéasses associated with moving water
through the larger pipes, and an increase in pufigeacies at higher flow rates in the scale-up

productions would further reduce energy cost.
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4.3 Cost of feed

Feed formed 19.3% in the UMB facility productios.the alternative and scale-up budgets,
33% and 35% were for electricity estimated respebti These results highlight that, feed
constitute the highest variable cost and variek wtiale of production as shown in the scale-up
budget. An improvement in feed quality is expediededuce the amount required and impact
positively on the production cost. Poor qualitydesage would add on to the running cost since
more feed would be required to achieve the samghwegain. The feed used for this project was
of high quality (FCR 0.80).

4.4 Fingerlings

The GIFT strains used in the production are geakficuperior compared to other strains like
the red tilapia in terms of survival, feed consumptand conversion rate. They are more
efficient in conversion of ingested feed into baahass. According to a study conducted by
Wing-Keong et al2008),the GIFT tilapia showed up to 33% better feed cosive rate, and
greater potential for growth with a high dietarypfein levels and greater feed intake depending
on diet, than that observed in the red tilapia.sThakes them good candidates for commercial
scale production using RAS. The costs of fingedirestimated for the UMB and scale-up
productions, were seen to be low and meet the F#t€ria for buying fingerlings. According to
FAO, (2003), the unit cost must be low to make dherearing economically viable, and still
allow a reasonable profit by the producer (FAO, 200However, internal production of

fingerlings is widely seen to be the best optianc@mmercial scale productions.
4.5 Economies of Scale

The financial estimations showed that the UMB facistandard and capacity constitute a risk
factor in terms of profit maximization. The budgstimations from the UMB facility production
showed a large loss (NOK-359662) relative to the@pction cost. This is attributable to the high
fixed cost involved in the operations and the leditarrying capacity of the facility. Labour and
electricity costs were found to be high for suclscale of production. The result from the
estimations is an indication that, the facilitynsapable of becoming profitable regardless of any
realistic variations in the identified operationghriables which are known to impact on

profitability. This confirms the generally knownsastion that, small RAS are more expensive to
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operate per unit of biomass held than larger uKitsvever, since the facility is for only research

purposes, operations and costs involved are quitgia to the facility.

The alternative budget estimations highlighted smme of the production variables that affect
profitability, behave with an increase in produntiscale. Electricity, Labour and feed were
found to be the principal parameters that affeofipmargins. In small production levels, these
parameters are seen to impact negatively on proéitgin but shows varying degree of
economies of scale with an increase in producterell In that budget, labour showed the
highest potential for economies of scale within Hagiable costs. This was confirmed in the
budget for the scale-up production. Although, thiglget estimation also recorded a loss, it
showed that with realistic reductions in labour d@ed costs, an increase in production has a

strong potential of breaking-even.

The scale-up budget estimations also recordedsa lmwvever, this loss was marginal compared
to that obtained for the UMB facility productionhd& possibility of breaking even and eventually
profit through an increase in production was verghhfor this production scenario. The
breakeven price estimation in this production w&KN40.2. This means, a loss of NOK-0.2 is
made on each kg sale. It is therefore projectet] éhiurther 600kg increase in production would
be enough to post some profit. The drastic redndtioproduction cost shown in the scale-up
production compared to the UMB production, was thuéhe increase in sales volume from the
scale-up production. The contribution from eacle galvards fixed cost coverage became less
relative to the contribution to profit. As a resuihore was contributed to profitability in the
scale-up production, than to the coverage of fixedt since production cost per unit kg
decreased with the increase in production. TheeSgalproduction therefore showed economies

of scale and the potential to breakeven and eviyimake profit was high for this scenario.

According to a NCRAC tilapia report (2002), on adst of the economic analysis of RAS for the
production of tilapia on commercial scale (1814.8&%es), the breakeven cost per kg of tilapia
was estimated to be USD2.46 (equivalent to NOK13,7&ith a production cost of USD
4,461,921 (equivalent to NOK24986757.6). The ediona were based only on the fixed and
variable costs excluding capital costs. These tesuk in sharp contrast to the results obtained
from the scale-up production of this study, whicdla breakeven price of NOK 40.2 compared
to NOK 13.78 obtained for the NCRAC study. Thessambable contradictions can be attributed

30



to the wide difference in scale of production (12@Kg for this study compared to 1814369kg
for the study conducted in the USA at Grayson HHsrms in Harrisburg, lllinois). The
economic conditions of the country where the stwdys conducted also influences the
production cost. This is because, costs of elegtritabour, feed etc differ from country to
country. Another difference observed was the inolusf the costs of oxygen, maintenance and
interest rates in the estimations. These varialskre not factored into the estimations involving
this study. The NCRAC study is believed to havedhéed from economies of scale due to the
high level of production involved.

4.6 Sensitivity Analysis

From the sensitivity analysis conducted, a decr@asbe cost of production variables such as
labour, feed, and electricity, produced margin&at on profitability. Increase in sales price
and production were found to have the highest intspan profitability. These findings support
the earlier findings highlighted in Losordo (19%H)d Losordo & Westerman (1991). It must be
pointed out that, the findings herein referredincluded gains realized from an increase in FCR
and reduction in overall system cost. A variatidn+6-10% was used to analyse the input
variables. However, these two variables (FCR amitalacost) were not factored into the
sensitivity analysis in this study. This due to thgh quality feed used for the study (FCR 0.8)
and the uncertainties associated with the costesystem used for the study. Nonetheless, these
findings show the areas where further improvemerdg have huge impacts on the profitability

of commercial scale production using RAS.
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5.0 Conclusion

The results from the thesis project have showretfext, scale of productions have on per unit
cost of production. Thus, the scale-up facility éed from economies of scale compared to the
UMB production. It has also shown that, variableshsas increases in production, and sales
price, reduction in labour, feed and electricitgtsoinfluences profitability. It was gleaned from

the results that, small scale productions are woh@mically viable compared to large scale

productions.

The study did not firmly establish profitability elto its focus, and the exclusion of capital cost
and interest rates. However, it did show that, midé for economic success with the scale-up
production was high. Thus, amortization of injectegbital in the construction of RAS facility

could be achieved within a short period by incneggiroduction. It is important to note that, the
financial estimations in this study reflect onlyethroduction conditions in Norway. Therefore,
the potential for profitability in other countriesay differ due to differences in environmental

conditions (the need for heating etc), technologsigh, labour, feed and energy costs.

An in-depth study, should be conducted in futwéh a facility that meet the standard for
commercial production in order to obtain crediblatad that will form the basis for all

assumptions and further research in the produdtioitapia using RAS in Norway.

5.1 Limitations of the study
The economic models and some of the cost figured us the analysis were based on certain

assumptions. While some of these assumptions aieatstl guesses, others are closer to reality
and thus, may impact on the validity of the costsngations and economic analyses (Calberg,
2007). Notwithstanding, the potential accuracyhs A&ssumptions can be improved by adopting
conservative approaches to the use of these assms\pin practice, the scale-up facility may
not provide all the engineering assumptions madé would impact negatively on the
production. However, this can be addressed by tsedpand adapting the technology to fit the
scale of production and environmental requirementihe area where the facility is to be sited
(Summerfelt et al., 2001).
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Appendix

Conversion Rates from DNB, Norway.
Accessed on: https://www.dnb.no/en/fx-rates
1 USD=NOK 5.6

Definitions
Economies of scale refer to the potential reduction in per unit protilon costs resulting from

increased scale of production, realized throughaifmal efficiencies.

Amortization refers to the act of spreading payments of capitpkenses over a period of time
(Investopia, 2012).
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