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Pref ace

This thesis is written apart of our Master of Sence in Economics and Business
Administration within our majar in Finance andenergy, Natural Resources and the

Environment.

As part of theaguaculture value chain, Live Fish Carrigts=C) have gone through a
significant growth phase over the last dexadowever, little attention has been drawn
towards the industry of live trangpation and live processing oélsnonin academiaWe
considelit to be aremerging shipping miet in Norway. Thisallows us to be, perhaps, the
first to do academic reaechto analyzethe market for Live Fish &riers and their services

in an economic perspective

Taking on this task, we acknowledge that tbeess to reliable data welkallengng. There
is a considerable differenbetween academia and the indusimyourresearclkapproach we
try to satisfythe practicality of the industry while maintaining a theoretical approah.
usal considerabléime to be present in different market settings, to get first hresnght on
the market dynamiandthe people making theedisions in the industry. In order to simplify
the dynamics, we have made a numbeeasonablassumptionsWe areconfident that our
findingsare contributingo valuable insight for the industry stakeholdarsl for further
analysis by academia.

We arevery thankful to the shipomers and other participantsn the industrywho
participatedin our interviews and meetingand the interest they have expressed for our
work. Without their willingness to share information, we would imave been able to wei
thethesis.We would also like to thank our supervisor, Gunddeskeland, for his inghts,
guidance andnspiring talks throughout the semestdis feedback and perspectives have
been highly valued, and challenged us to improve the quality of alrivavays we would

not have thought of ourselves.

Shihbun)

Sindre Flak Stovner Marlus éﬁaar S rand




Abstract

The Live Fish Carrier Industry is a specialized shipping segment in Norway, transporting
and processing live salmon. The underlying driver for the segment is the production of
salmon in aquaculture. With an absence of academic research on the topic, this thesis will

try to fuse the attention from the academic society.

By modeling the supply ardkmand of LFC operations, we observe a surplus on the demand
side d the market. A turning poindccurred in 2013 when the supply increased more than

the demand. New, large and expensive vessels entered the market, and substantial capacity
will enter in 2A7. This will eliminate the demand surplus, and create a movement towards

market balance.

The operations of the vessels are managed by the salmon producgrssi@omal tracking
analysis indicates that the vessels are not utilized efficiently. Thels@se operating across

a large range of regions, within a snonth period. The analysis provides grounds for an
argument that large vessels, individually, are covering fewer regions than the smaller vessels.
The smaller vessels are unlikely to captargl charter contracts, and consequently have to
move more between regions. This operational pattern is a reason for concern, when the risk

of spreading diseases is high.

There are sever al reasons to operate in
perspective, we believe that the supplied services can be looked upon as an insurance from
random shocks of lice and diseases on the biomass. The value of an average cage has
increased with 400% the last ten years, which consequently will increase thef\vedumg

excess LF&apacity. From our analysis based on the Return on Shipping Investments
model, the average financial return is 12.6%. We conducted a freight rate sensitivity analysis
to assess the effect on NPV of a new LFC investméiie findings sbw that LFC owners

are investing in a profitable asset, despite considerable changes in the market.
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1.l ntroducti on

The Life Fish Carrier (LFC), or thé&/ell Boat, industry in Norway has experienced a tremendous
growth the last decade, as an essential part of the aquacalweechainLFCsrepresents aost

efficientway of transporting livétlantic salmon $almo Salay.

Over the last decades, the sels have developed from basic fishing boats to highly advanced
transporting vessels, with an individual cost of about 300 million NOK. The highly specialized
vessels have areased in both number and sizenly contracts and nemansparency characterize

the market for transport and processsegvices providetly theLFCs.

The aquaculture industry and the physical production of salmon are the underlying drivers for the
demand for LFC operations. Hence, the value of production will be reflected in then&f@t.
In Norway, the total sales of fish and shellfish were 1.39 million tons in g83B, 2016) This
accumulates to a value of 47.6 billion NOK. Salmon accounts for 95% of the produced volumes

of fish and shellfish in Naevay, and every single one of the salmon has to be carried by an LFC at

least twice.
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Chart 1: Exported volumes and valugem aquaculturdSSB, 2016)

Major investments in newnd advancedessls are stacking up the ortdeoks at théNorwegian
shipyardqKleven Verft, 2016) The shipwners are making more money than ever. Some argue
that there is going to be an overcapacity intR€ market. Others say that the plkedn with lice

is a driver for thelemand of more highly specializedssels.



1.1 Mission and motivation

In thisthesiswe will investigate theNorwegian LFC industrywith the research question:

~

Al s there a mis matilization anceinveseretns T paci ty

The paper willinvestigate the capacity, utilization and investments separ&bejgintly draw a
conclusion of whether or not there is an unhealthymatsh in the market. Further the thesis will
evaluate thgossible casequences of this developmelhe size and growth of tHe=C market

is a key motivator to get a greater understanding of the segment. Salmon is one of the largest export
commodities from Norway and depends heavily on the serviceslffdDs (Norges Sjgmaéd,

2016)

1.2 Perspective

When analyzing th€FC market and the vessels servjoasrscope is at the industry as a whole
andnot on individual companies. The focus will be on the development and present state, to
contributeto the understanding of futudievelopment. This is done with the intention of creating

valuable insight thatould contributdo a healthy and sustainable growth in the LFC industry.

We will not thoroughlydiscuss the design of policies, nor discuss R&D and the possibilities of
increagdsalmon production deito new technologie3 hese factors will rather be looked upon as
constants and constrairiits the analysisThe identification of the vesk will not be present when

the goal of this analysis is not to characterizenpanies, butather the dynamics of the industry

as a whole.

1.3 Context

In our opinion, he offshore industryand the LFC haveleveloped with aimilar pattern.The
demand for the shipping services from the oil and aquaculture industry, in times of high revenues,
are resulting in increased costs and investments in the respective value étmagpimism in the
market forLFCs where newbuilding rates are increasing is a reason for concern. In the event of a

turning point in the upswingf aquaculturea drop in the salon price, the prerequisites for the



market will change. The effects of such a change will consequently affect parsaipére value
chain andtherstakeholders.

To get the opinions on the present state of the market, pveaghed different market piipants

and did a survey to investigate the markgbextations. The resulisdicate that the salmon
producers have a more optimistic view on the future than the shipowners. What they do have in
common is the opinion that freight rates tend to be drighhis survey was done simply to
categoize informationthat we have obtained in more informal settjraggl should not be ¢ked

upon as empirical evidence.

With this insight and the historical tendency of volatility in the shipping markets, the inviestiga
of the market will contribute to a greater understanding of the capacity, utilizationvasthnent
drivers in theLFC market

1.4 Methodology

To answer the research question the paper provide key insight in the production process of salmon,
and theLFC integrationin the aquaculture value chaifhisinsightwill create the foundation for
the further research of the capacity, utilization and investments LFtBéndustry.

In section 2 Aquaculture we will briefly introduce the Aguaculture industry thitechnological

and biological technicalities of the production, price and value development, cost structure and
market. TheL F Cfargtion in the value chain of aquaculture is introduced in sectidheLive

Fish Carriers.This section provides insigbh the function of the vessel, risks, contract structure,
financials and the market for tiservices provided by theFCs The introduction, in sections 2

and 3, determines the prerequisites for the further analysis of the LFC industry in light ofddata an

theories from sections 4 and 5.

In section 6Modelling the Supply and Demamde arethoroughly analyzing the capacityrough
calculatinga proxy for boththe supply and the demand side of the market for LFC services. The
model is based on historicalmbers, and will give insights on the development in the mismatch

between supply and demand over an elexears period.

We investigate thactual utilizaton of the fleein section 7Fleet Utilization.Positional tracking

of vessels ovea half yearperiod gives insight on the operational patterns of the fleet and the



10

geographical distribution. The output will be evaluated in light of theories from operational
research. The insight will contribute to the argumentation of the development of the chisdnat

supply and demand from section 6.

The technical analysis in sections 6 and 7, are not sufficient to evaluate the health of the LFC
market. In section 8nvestmenDrivers, we assess thi#nancial drivers forthe utilization and
management of theefét, and the incentives for further investments in the IsF@apped.

In a joint discussion of the mentioned sectiome,formarguments in light of current and future
challenges in the industry, in section 9. New regulations and trends in the marketdigitussed

as for how it will affect the future capacity, utilization and investments in the LRStiryd

The methodology used, is covering different aspects of the market in an untraditional way. To
answer the research question this is necessarg tieetransparency of the market, and sources

of information are scarce. The approagh capture the practicality of the industry in a theoretical
academi@pproach, andontribute to the conclusidhthere is a mismatch in the market.
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2.Aquacul ture

Aquaculture in Norway has beardevelopment frontier for the global market developrserte

the humble beginning in the 196@slicensing system for practicing fish farming was established
when te first aguaculture law wastroduced in 1973%Bratberg, 1974)to stimulate a balanced
and sustainable development and become a profitable and sustainable rural industry.

After twenty years of continuous growth, the industry experienced their first downturn at the end
of the 1980s when it became exposed to international competition. The export industry
experiened a significant fall in pricesand first largescale problems with diseases. This crisis
triggered a new set of regulations that caused reductions in production throufgbdheaota
regulations(Jakobsen & Aarset, 20Q7frrom 1973 one of the main goals was to reach specific
regional and district policy goals. The new regimegulatedthe industry in a way that has

stimulated growth since the 1980

Today the aquaculture industry is a highly technological and dynamic industry, which employs
6570 people at sea, in costal and urban g&aB, 2016)

2.1 Salmon production

The physical production of salmon happens in differages, which replicates the natural
lifecycle of a salmon. Different stakeholders are involved irsthges of production, and insight

is therefore necessary to create an understanding of the market drivers and dynamics. The
production is categorizedtmfour phases; Fish Egg (roe) production, smolt hatcheries;gubw

centers and processing plants. Tramsgtimn of the smolt and salmonpsrformed by FCs

2.1.1 Biology

Thenatural lifecycle of a Atlantic salmon starts inresh water. After theoeare hatched uptream
rivers, thesalmonjuvenile spend the first months of their lives fresh water(Store norske
leksikon, 2015) The juvenile develops intemolt, and migrates to sea. $8a water the smolt
grows into salmon, tere they spend the majority of their liv€3nly in breeding season the

salmon migrates back to freshwater.
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The production process of salmoollbws the same pattern. Thee is kept in fresh water
hatcheriegMarine Harvest, @16) When hatched th&almonjuvenileis transpord to freshwater
tanks. Afterl0-16 nonths in the freshwater tankbe smolt has grown to a sizeGf-140grams
and is ready for transportation h{¥Csto the cages ahe grow-out centes. At the cenersthe
salmonis fed in saltwatefor 14-22 months, to gize of 46 kilos. Then the salmas transported,
by LFCs to processinglantson shore.

The aquaculture industrizasdefined the Mrwegian coastline. Athe end ofaugust 2016, 3616
cages distbuted on 598 row-out centesheld 395 million salmofFiskeridirektoratet, 2016 T he
fjords in Norway provides perfect conditions for the production of Atlantic salmon.

Productionof Atlantic salmon is restricted geograpdily to coastareas where the biological
conditionsfor breeding is preserithe natural habitat of the Atlantic Salmon is in the Atlantic Sea.
Regionswith a sea temperature between of zero to 20 de@&lsais with an optimal temperature
of 8-14 degresCelsius(Marine Harvest, 2016 emperatures another factors such as the level
of oxygen and throughput olater are restricting the presemijor production of salmon to
facilities in the Atlantic Ocean, The Pacific arftetfTasmania, with the present production

technologies.

Map 1: Geographical distribution of Salmon Production (Marine Harvest, 2016)

2.1.2 The grow-out phase

Depending on when thealmonarereleased into cages at the growut centers irthe different

geographical locations, several factors determine the growth of the salmon, and consequently the
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time when it is ready for transportation to the processing faciliBeavo, et al., 2013)Such
factors arehours of light during the day, the number sélmonin the cage, feeding, seasonal

trends, sea temperatur@sd weather conditions, as well as downstream market demand.

Environmental regulations are necessary to keep a healthy development in salmon production.
This restricts the total allowance of cages and locations throughout the coastline. Even though the
number of locations and cages are steady over time, the nungamaiin the cages are rising.

This is due to more effective production and larger Ad¢toughout the grow out phase gamon

is exposed to risks in regardsdiseasesind lice.
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Chart 2: Total livestock divided on total number of ca@féiskeridirektoratet, 2016)

2.1.3 Diseaseslice, stress and mortality

There are several types of diseases occumiidprwegian coast lineThe most severe diseases
arePPancras Disease (PD) and Infectious Salmamaémia (ISA). PD is a severe virdsease
which can give salmon producers enormegs®nomic dbses due to low growth amh reduced
guality of their biomasgNorwegian Veterinary Institute (a), 2018$A is a serious, caagious

viral diseasgNorwegian Veterinary Institute (b), 2014J there is suspicion of ISA a severe
investigation is set in motiorPositive findings of PD at a location caionsequently resulh a
complete hevest of the specifitbcation. Since 1993 there has been on average registered 10 ISA

outbreaks annually while ¢ine has been on average 20 PD outbreaks annually.

Sealice (Lepeophtheirus &monis)is a natural parasite on salmon in saltwater in the northern

hemisphere. The lice aeating skin, mucus and blood of ttemonandcan create large wounds

and harnthe quality of the salmon
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The density of hosts influences the danger of infection of sealliége shown that the greatest
incidence of lice is in regions with higdensity of salmorfNorwegian Veterinary Institute (c),
2016) More hosts imply greater infection pressa only for the farmed salmon, but also the
wild salmon stocks. The development of lice dependent oftemperature and lgh sea

temperaturemakesthe proliferationescalate.

The Norwegian Food Safety Authiyr have set a maximum limit for sea lice salmonfarms
(Norwegian Veterinary Institute (c), 2016he law states that there must alwaysibemorethan

0.5 adult female lice on average matmonin the facility, with someregional differentiations
Farmers are respoiée for ensuring that the numbafrsea lice is not over the limit. If they fail to
control the populatio, the salmon producer is forcedcomplete harvest of that locatiddumbers

of female lice on salmois counted by picking 20 random salmon from a cage, and manually

counting the nomber of lice on thesalmon(Forskrift om lakselusbekjempelse, 2012)

2.5

Finnmark (FI)

Troms (TR)

Nordland (NO)

Nord-Trgndelag (NT)
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S00¢ ¥

Chart 3: Lice observationggrown femalesand limits(Lusedata, 2016)

2.1.4 Development and drivers

Farming Atlantic salmon was pioneered in Norway in the late 1979 #e shadow of the
Norwegian Oil Industry. Aquaculture has grown to be one of the mymirtant industries in
Norway. After the oil price drop in 2022015 more attention has been drawn towards the

aguaculturendustry both ithemedia andy academia.

In the present state of salmon production, we are moving towards a roof of production under the
current political, tehnologicaland environmental restrictions. In recgné alargethvestments

have been made research and developmd®&D) of new technologiesThe goal has been to
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reduce the footprint of the production which in the long run can scale up the poodiactiew
levels. This includes erand offshoreggrow-out centes and different closed sea cageghe short

run, this will not have a significant impact on the salmon production. In the long run, however,
more R&D, investments and political will can figate a significant change in the production of

salmon.

2.2 Salmon Production Market

In Norway,ten independent companies coni#0o of the harvested volum@onsequentlythese
companies have strong positionstihe market. Marine Harvest, tiee market lader in bottthe
Norwegian and the UK market, ke most dominant market foregth approximately twie the

harvesting volumesompared to thelargest competitoin the respective markets in 2015.

Norway Harvested UK Harvestec
tonnes tonnes

Marine Harvest 254800 Marine Harvest 50 100

Salmar 136 400 Scottish Seafarms 27 000

Lergy Seafood 135 000 The Scottish Salmon Co. 25 600

Mitsubishi (Cermaq) 58 000 Cooke Aquaculture 19 000

Nordlaks 39 000 Greig Seafood 16 400

Nova Sea 37400 Top 5 harvest 138 100

Midt-Norsk / Bjgrgya 32 000 Total Harvest 149 700

Grieg Seafood 31700 % of Total 92 %

Norway Royal Salmon 27 900

Alsaker Fjordbruk 27 000

Top 10 harvest 779 200

Total Harvest 1110800

% of Total 70 %

Table 1: Top producers of salmofMarine Harvest, 2016)

2.3 Pricing of salmon

Severalfactors determine the jgg development ofadmon. The shorterm driver is the expected
productionvolumes, which determines the expected su@@btend, 201Q)This supply is affected
by a set of variables such as diseases, logistics and political matters. On the demand side,

consumption patterns concerning annual seasgreld longer consumption trends are important.
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The market for salmon has expanded globally, matibnaltrade makes the price sensitive to

global market trendsuch as currency swings and transportation costs.

From the early days of production, whee thioneers of aquaculture proddsemall volumes of
salmon, the salmohave followed a price development pattern from an exclusive good to a more
normalizedgoodin the Norwegian market. The industry has been subject to economies of scale,
technological deelopment and market expansions. From the total harvest approximately 95% is
exported to mainly EU, NortAmerica, Japan, Asia and Rus@iéarine Harvest, 2016)

The Norwegian salmon industry has over the period investedijh@awa collective marketing
strategy, both in domestic and foreign mark@erwegian Ministry of Fisheries and Costal

Affairs, 2008) Salmonpartly due to thistill priced as an exclusive good in most fgremarkets.
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Chart 4: Salmon price NOK, Free Carri€Fishpool, 2016)

Thedevelopment of the salmon prida the period 2014 to 2016 the price is significantly higher
than at the end of the period. In week two of 2Gihé, salmon was traded at 65 NOK, which
indicates that a 4.5 kilos salmon was worth 292 NOK. The same week one barrel of Brent Crude
was traded at 276 NOK. The Oil Crisis and an algal blaor@hile resulted in relatively low
export prics and a supply shiage in the salmon anket. Chile accounts for approximately ene

third of the salmon productiofMarine Harvest, 2016)This particular case was extraordinary.
However, such deterministic occurrences will impact the pricealha and effectively the

marginal return for the salmon producexs well as other operators in the value chain.

1 Weekly averaged, of sizes between three to six kilesipérior quality headn gutted
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2.4 Cost structure

The costs ofamon production areoenmonly state@sthe cost of producing one kilo gfalmon

These costare divided intadifferent categories and are at thement adding up to the sum of
28.55 NOK/kilo on a national averag@arine Harvest, 2016)This includedeed processing

smolt, salary, maintenancewell boat (LFC), salesand marketing mortality and other costs In

2011 the costs of producing the one kilo of salmon, measured on the same variables astumulat
to 24.09NOK, adjusted for inflationThe change in total cost for one kilo of salmon haweher

words changed with 1% over fair years.

Cosi 2011* 2015 |Change
Feed 11.96 13.34 |12 %

Processing 2.45 267 9%

Smolf 2.21 267 [21%

Salary 1.39 1.67 [20%
Maintennancg 0.74 0.94 |26 %

Well Boat (LFE) 0.98 095 [-3%
Depreciationl 0.66 0.78 (18 %

Sales and Marketing 0.47 0.62 ([32%
Mortality| 0.50 044 [-12%

Other] 2.72 4.47 64 %

Total| 24.09 28,55 |19 %

Table 2: Cost development &roduction(in 2015 NOK)Marine Harvest, 2012,20}6

Overl ooking the cost deowtthemdinemadstfs ombarOildcnt
the period. T direcs anctimliedt costsy adiministratien, ifisurance, biological

costs (excludingnortality),etc 6. T h e @thdt haveaat ltad anintrease over the period

is mortalityand Well Boai{LFC). The loss of biomass has had a negative trend during the period
which nds a positive signalrhe reduction in the LRCostsper kilo, indicates that the relative

use ofLFCshave been stable in over the feygar period.

One would assume that the increased volumes would result in the economicsai sdalisiness

level, hence reduce the unit costs. Talking to industry participants, the reasoning behind the cost
development is related to the problems regarding lice. This perception is brought forward by media
and forums, which are distressing the topic. However, one hasktwowledg that the cost
development idistributed throughout the cost drivers in the industry and that the cost development

is driven not only by the lice problems.
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3.The Live Fish Carrier

A Live Fish Carrier, or a Well Boat, is a purpose built vessefrémsportatiorand processingf
live fish. These operations aessential for the production of salmon. The vessels can intervene

with the production chain at fiv@ages,

)] Smolt transportatiorsmolt hacheries to growout centey
i) Harvest transportatigrgrow-out center to processing faciljty
i) Delicing processe®n site at growout centers

iv) Size sorting of salmqron site at growout centers

V) Handlingof diseaseson site at growout centers

Picture 1: Drawing of amodern LFCQ(Rosbach, 2015)

3.1 The function

TheLFCsdiffer in size, agand onboard equipment. What the veskaige in common is a cargo

room, which is designed for circulation sélt seawaterThis allows the vessels to contain the
salmonalive for transportwhile thesalmonswims inside the well. The well can be designed with

an open or a closed system. The open system allows circulation of water from the sea into the well.
In a closed systertne water is captured, recycled and supplemented with oxigever vessels
typically has a closed system with the option to operate with open syateich minimizes risk

during transportatiofForskrift om transport av akvakuldyr, 2008) The risk is related to the
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welfare of thesalmonin the well and the potential of transporting diseases from one region or
facility to the next.

In addition to the physical transportation of ls@mon the vessels have gained a centrld o

the treatment of diseases and parasites. The salmon is treated inside the vessels, and such additiong
services constitute a significant propont of the vessels operationghere are different ways of

treating the salmon for diseases and paradtifters, brushes, freshwater, hydrogen peroxide
(H202) and other techniques are uskutreased demands for new and specializedhaard
equipment for effectie treatment is becoming a large cfistthe LFC owner. The charterers

salmon producersre denanding more advanced technology as a prerequisithéoteringthe

vessels.

3.2 Physical transportation and risks

The loading of thealmonis executed by pumping tisalmoninto the LFC with onboard installed
pumps and pipes. This operation is notfige (Epsmark, 2015)The salmon is hurdled in the

cage to stimulate a more efficient pumping process. Ig#tmonis too dense, this will increase

the stress and decrease the amount of oxygen in the seawater. This canlpa@nsia loss of
biomass. The physical pumping process is also related to collective stress and physical harm,

which can result in loss of biomass or quality.

Loading the danon into the well, the crew hawaecess to live video from the wéRorskrift om
transport av akvakulturdyr, 2008)here area range of different tracking devices, which ensures
the welfare of thesalmon If the salmon is treated in the LFC, the risk of death is always present
while conducting the treatme Further, thesalmonwill be exposed to damage as a consege

of the design of the well¥Veather conditionsnpose another risk facttinat the vessel is exposed

to under operation. It is highly important that the wells are cleaned and disinfeftted, a
operations. The disinfection process is today highly modern and autormatkdntrolled from

the bridgeg(Solvtrans, 2016)

The period thesalmonis on board depends on what kind of assignment the LFC is executing. On
atransport assignment, this will solely depend on the distance and speatirtbais transported

Additional services such as delicing will take around two to four hours per load. When unloading
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thesalmonis headed to one side of the well using a slidintikhead inside the welpushing the
salmonand water outThe danger and risk related to loading is also present during this process.

3.3 Contracts in the LFC industry

There are three types of contracts in the market for LFC operations, Time Charter ¢iu@)eV
Charter (VC) and Spot. The market for freight and operations of salmon is relatively new, and not
regulated. The business of ingoing contracts is consequently to a large extent based on

acquaintances and relations.

The most common contract form,tsscharter a vessel for a specific period of time referred to as

a TC. This contract form gives the charterer operational control of the vessel carrying his cargo,
while leaving the ownership and management of the vessel in the hands of the shipowner
(Stofdord, 2009). The length of the charter may be the time to complete a voyage or periods of

months and years.

In the LFC industry, it is common to agree on a charter period of four to seven years. During the
time period of the contract, the shipowner is agttable for the operating expenses of the vessel,
crew, maintenance and repairs. The charter directs the commercial operations of the vessel and
accounts for the variable expenses related to the operations, which includes bunkers, port charges
and cargo hadling costs. The cargo handling costs refers to the variable costs of delicing and

processing operations.

For the shipownes;a TC reduces the financial riskh@ TC provides a clear basis for preparing
the budget for the individual vessel for the tinexipd of the contract. For the charterers, the
salmon producers, the TC reduces their operational risk, when they are assured LFC capacity

throughout the period.

VC contracts provides the salmon producer with an option to execute transport or pragfegsing
total volume in a specified time period. The fact that the contract contains both a time element and
a volume element, will restrict the charterer more during the contract period than a TC (Gorton,
2010). The time period is relative to the volume @nsported and processed, and would

consequently need a higher degree of operational planning for the charter. The VC gives a steady
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cash flow for the shipowner in the time period of the contract. However, the time period is
generally lower than for a TC.

The third contract mar ket is the Spot mar ket
contracts for voyage, trip or short term cha
(Clarksons, 2016). In the LFC market, there is nogaleged spot market. A spot contract covers

a short period of time, which gives the shipowner more risk related to the cash flow and the salmon

producer more flexibility.

Time Charter Volume Charter Spot

Time Long Medium Short
Revenue Steady Steady Variable
Risk Low Medium High

Table 3: Overview of Charter @Gntracts

Time Charters are today the dominant choice of contract in the LFC industry in Norway. On
average, 79.6% of the fleet are in TC contracts in the presenostheemarket. The shipowners
consequently face less uncertainty when the average TC in the LFC market today is 4.2 years.
These findings are obtained through interviews with market participants. Due to the sample size

these are not accurate numbers,ibdications.

3.4 LFC market

A qualitativef r amewor k f or analyzing the LFC mar ket
forces is a framework developed by Michael Porter to analyze the profitability and attractiveness
of an industry(Porter, 2008)The industry will through the five forces be assessed based on the

level of internal rivalry among competitors, entry barriers to the industry, threats from substitutes

in the market, customers bargaining power and suppliers nexggiewer.

A large degree of competitive pressure in the factors determining the model indicates difficulties
in obtaining profits in the markéfohnson, et al., 2005)he advantage of Porter's framework is

its simplicity amd transparency. Furthermore, it is effective to expand the understanding of the
competitive forces in the market. The weakness of the framework is that it is static. It presupposes
a stable environment and changes in market conditions will alter theustrudtthe industry

accordingly.
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3.4.1 Threat of new entry

Barriers to entry are,caording to Johnson, Whittington & Sdhe (2011)0bstacles that future
competitors must overcome to establish themselves in the industry. High barriers will thus be
suitable forexisting industry players. There are several types of barriers depending on the kind of

industry they operate if@ohnson, et al., 2005)

The LFC industry is a capital intensive industry, similar to the general shipping indstew

and advanced LFC costs approximately 300 MNOK in the current n{&kat Hosteland, 2016)

A new entry is capital intensive, and investments would consequently need security in terms of a
capital and a TC contract @ite end of the building perio@he agreements between a shipowner
and a salmon producer typically cover a relatively long time period of four to sezs. y
Throughout the value chapersonal connections between operators are preskith creates

anoher barrier for entrants.

3.4.2 Bargaining power

Factors affectingustomers bargaining power conceifribe industry has a concentrated or spread
customer base, low transaction costs, or whether there may be a situation where the customer can

cover the produmeeds themselvgdohnson, et al., 2005)

In recentyears there has been a movement towards fewelaegel salmon producerk 2015

there were22 salmon farming companies in Norway, where the top 10 companies controlled 70
% of the total harvest volum@arine Harvest, 2016)O0f the smaller firms many have come
togeter in collaborations, whetanbrella organizations are established. The organization controls
the delivery of the LFC services the production facilities of the included parts. In this way,
smaller salmon producers increase their barging power when negotiating the term structure of

contracts with LFC owners

3.4.3 Threat of substitution

Substitutes are products or services that havesah®e or similar function, but meets custy
needs in a different wagPorter, 2008) LFCs provide safe marine transportation of salmon.
Historically tank trucks have been used as a mean of transportation. However, theslagistic
volume of the trucks make this alternative not cost efficient in regardsli&@w The latest years



23

there has been introduced new technology regarding additional service to the salmon producer.
The frequent occurrences of lice have led to sevevaintions which cope whtthe delicing in
alternative waysSince a significant portion of the LFC operation consists of lice treatment, the

new technology makes the salmon producers less dependent of LFC vessels.

3.4.4 Supplier power

Suppliers sourceompaniesvith the input the respective company needs to produce their product
or service. Supplier bargaining power depends on the nuofisappliers in the market, whether
there are high costs associated with switching supplier or whether the company cathebtain
resource itsel{Johnson, et al., 2005)

The supplier power in the LFC industry is low since there are several shipbuilding companies in
Norwayand in foreign countried he shipyards have high competence and deliver dtéte art

vessels. Since several shipyards are providing the same product, the barging power is assigned the
ship owners. There are differences in the ship design and technical solutions, but these factors are

chosen by the preferences by the shipowner.

The need for chemicals is always present in LFC operations when the vessels are required to
disinfect after operations. In Norway, there are several providers of chemicals which make the
barging power strong for shipowners

3.4.5 Competitors

Competing rivals in @& industry are organizations with similar products or services aimed at the
same customer group. How big the internal rivalry in the industry depends on the size of companies
that compete, the growth rate in the industry, as well as degree of diffecentétproducts
(Johnson, et al., 2005)

The LFC industry has similarities #m oligopoly.Six large companies controls &bof the total
avdlable capacity in the marketSglvtrans,Bgmlo, Rostein, Norsk Fisketransport, Seistar
Holdning a Frgy Aquaservicelhere are several smaller holding companies that own one or two
vessels. Throughout the short history of the LFC industry, there has been some minor mergers and
acquisitions. In December 2015 Sglvtrans acquired five vessaisHgmlo Brannbatservice and
became the largest company in the LFC industry in regards to capaegégured in cubic meters

of volume(M3).
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Chart 5: Capacity (M3) and Reveeuistribution(Brgnnbateiernes Forbund, 2016)

It occurs that the largest owner of capacity also has the largest share of revenues. However, the

utilization of the M3 cannot singlehandedly be described through this comparison.

3.5 Financial

Key multiples from the market leaders in the LFC industry are useful indicators of the financial
health of the segment, and the development of the profitability of the shimowne

600,000 1) Total Sales 100 i) Debt to Asset ratio
3 500,000 0.80
o
E 400,000 060
« 300,000
o) 0.40
Z 200,000
100,000 0.20 |
- 0.00
2011 2012 2013 2014 2015 2011 2012 2013 2014 2015
2,000,000 ) Tangible Assets 200,000 V) Net Profit
S © 150,000
§ 1,500,000 §
100,000
-5 1,000,000 E
O O 50,000
= 500,000 I I‘ | I < 0 III II I I
- " l l -50,000
2011 2012 2013 2014 2015 2011 2012 2013 2014 2015

mRostein ®mSglvtrans BNFT ®mBgmlo = Frgy

Chart 6: Financial Key Multiples Developme(Rroff.no, 2016)
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The top five LFC participants have over the last years experienced high margins on their
operations, which has contributed to aygood financial results. These margins and results are
naturally making the market attractive for entrants. Some salmon producers are considering to

operate their own vessels and the market leader, Marine Harvest, have already ordeFétstwo

The devabpment of total sales (i), shows an increase in the sales for all the five major companies.
This includes profits and losses from asset sales and other revenues. On an average, the four
majors, excluding Fray, over the period from 2011 to 2015 have enpede growth in sales of

99%. All of the majors in the industry are operating with a high share of debt. The debt to asset
ratio (ii) illustrates the development, and indicate that the five largest companies in the LFC
industry are financed with a range62-80% of debt. However, this is not unusual for ship owning
companiegDrobetz, et al., 2013)

Tangible assets in the companies include buildings, machinery, equipment, vessels, operating
movable property, furniture, toolsid more. From the development of tangible assets (iii) of the
five majors, it is noticeable that the development of Sglvtrans is worth 1.75 billion NOK in 2015
and their total sales are 413 million NOK. The sales are 120 million NOK less than the sales of

Rostein which have tangible assets worth 1.2 billion NOK.

Profit after tax (iv) in 2015 shows a that Rostein AS, Sglvtrans AS, Norsk Fisketransport AS and
Bamlo Brgnnbatservice AS stands out. In late December 2015, Sglvtrans AS bought Bgmlo
Brgnnbatservie AS which made Sglvtrans the largest company terms of number of vessels and
profit after tax. These four companies had in 2015 a profit margin between 42.18% and 52.48%

which is extraordinarily high.

A common multiple to analyze and compare the salmodymers is EBIT/kg which adjusts their
income to the kilos produced. In a similar way, one could estimate of how profitable the LFC
companies are by dividing the EBIT on M3 which gives the income adjusted to the size of the
companyods f | e dlterea3ohabls forrmamparisompadmeng the major participants in

the LFGindustry when they all own several vessels.

The interpretation of this multiple, in regards to the findings in Chart 5, shows that Sglvtrans is
utilizing its capacity in terms of fimecial return better than its peers. There are differences in
regards to the management of the respective
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equipment and the term structure of the contracts will effectigielg different returns on the

capady.
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Chart 7: EBIT/M3 in 2014 and 2015

The chart indicates large differences between the companies. A surprising difference of 238 %
between Sglvtrans and Frgy in 2015 suggest that the utilization of capacity is managed
differently. This paper will not investigate differences between companies, but this aspect

should be analyzed by academia in further research.
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4. Research Design

This chapter will explain the choice of research design and methods of approaching the research
qguestion To determine if there ia mismatch between capacity, utilization and investments in the
LFC industrywewill need an innovative approachtias subject is not researcheyglthe academia

and thee arelack of extensive data from the shipowners. The rekedesign is an overall plan

for how one would go about addressing the research qug&ioauri & Gronhaug, 2010)
Research design includes an overview of the goals one has and the methods he will use to collect,

interpret andanalyze data.

To weigh the quality of the data and the different aspects of the analysis, we have to evaluate the
gathering of data and consequently the analf@minders, et al., 2012Jo acknowledge the
strengths and weaksses of the data we reduce the chance of misinterpreting the output in the

joint conclusion, thealidity andreliability is weighted.

The validity refers to the relevance and strength of the study in regards to the topic which it is
intended to investafe (Ghauri & Gronhaug, 2010)nternal validity is to what extent the causal
conclusion can describe the actual specific situation. The external validity is to what extent the

results can be generalized and applied in otheatsbns.

Reliability is the stability in the observations, moreover if the observations would give the same
results if the analysis where done multiple tif@kauri & Gronhaug, 2010 he intention is to

minimize the risk obiases in the measurements.

4.1 Data collection

To conduct the case, have gathered data from a variety @furcesPrimary data was obtained
from positional tracking, personal communication, a survey and interviews. Secondary data has
been collected fromhe public sources; Directory of Fisheries, Branngysund Register, Seafood

Norway, The LFC owners6 association and news
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4.1.1 Preparations

In August we joined the NoFishing 2016 exhibition to get an insight in the industry. By talking
to LFC industy participants, we got a good understanding of the market dynameslso had
central positions onthe board of Bergen Shipping Conference 2016, which was held at the
Norwegian School of Economics in September. At the conference, we got the oppodunity t
discuss the topic with profiledhipping leaders and analyticBarough thiswork we came in
contact with a location intelligence service provfdecated in Spain, which contributed with a

free license to their analyzing platform.

4.1.2 Primary data

When cdlecting primary data, we conducted interviews and surveys with the players in the
industry. As the market is ndransparent, we made a precaution that all our data collected was to
be made averages of. The companies should not be referred to as akmifiocmation, if not it
already was public information. That is why we always operate with averages and not reference

any information back to the source.

When conducting the survey, we asked ten salmon producers and four shipowners our questions.
The guestions are found iAppendix 1 The reason why so few observations, is the lack of contact
information, especially regarding the shipowners. The survey has not been attached much
importance tosince the low degree of reliabilitybut it was interestingot see who the
correspondets were similar in their markeslutlook

Anteo AS collected primary AIS data from a number of LFC vessels, with the purpose of our
thesis. Some vessels were extracted from the data because of lack of relevance or inconsistency of
data. This made it possible for us to be the first academicals research group that analyzed the
movements of theFC fleet.

The main advantage of obtaining such primary data isttigtollected in terms of the specific
case studyGhauri & Gronhaug, 2010The updated informationasnot yet been published and
helps to sengthen any findingsince the high degree of validity.

2CARTO.com
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4.1.3 Secondary data

Ghauri &Grgnhaug describegcondary datas datgreviously collected informatioinom others
(Ghauri & Gronhaug, 2010)The authors show that the available information could have been
collected for a different purpose and that the first step should be to assess the relevance of such

information to the repds focus.

A Br B riarmes to r e n i n g uas wiphrthe hatestfleet overview with additional data of fleet

and ship specifications. Fro The Directory of Fisheries, got accessatpublic dataset of the
number of outgoing and ingoirsglmonin nine gegraphical regions and number of active cages

and locations in these regions. This data has a time horizon starting January 2005, with monthly
intervals.From Lusedata.no published by Seafood Norway, based on reports from Norwegian
Food Safety reports, wehe gathered data on the occurrences of treatment processes done in each
of the regions in the respective time periods. The data represents to a total of 140 time periods and
9 regions.

The data from Brgnnbateiernes Forening @hd Directory of Fisherieare assumed to have a

high degree of validity and reliabilitf.he data on the occurrences of treatment processes is not
reliable before 2012. In 2012 there was a change in the Aquaculture laws, where the reporting
system changefforskrift om lakselusbekjempelse, 201Pptal Treatmentare computed by the
number of reports with treatments over the total number of reports. When the frequency of the
reporting is equal across gremut centersand the reporting is mandatoithe computation will
effectively be adequate to say something about the treatments of an average center in a region.
However, before 2012 this is not the case and the reporting was not done with the same frequency.
Therefore, we put more weight on the laitears of observations bkéepthe pre-2012numbers

in our analysis.
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5. Theory

5.1 Shipping Cycle Theory

There are three different types of shipping cycles, which can occur simultaneously. Long cycles,
short cycles, and seasonal cycles. Technical, regional ambreec change is the driver for the
long-term cycles. Short cycles have the same characteristics as the long cycles, except from the
time horizon. Seasonal cycles are often occurring in shipping. These are driven by seasonal

pattens of demand for sea trgport(Stopford, 2009)

2. Short ‘business’
cycles last 5-10 years

1. Long cycle (‘secular trend’)
lasts e.g. 60 years

Freight rate

3. Seasonal cycles
superimposed on short cycles

60 years 60 years 60 years

Figure 1: Shipping Cycle¢Stopford, 2009)

Shipping cycles follow classic crisis theory, which was develogddymnan Minsky and Charles
Kindleberger. In every cycle there are four stages: Trough, Recovery, Peak/Plateau gmekColla
(Stopford, 2009)

fStage 1lis called a Trough. In a trough there are clear signs of surplus of capacity where the
vessels are slowteaming to save fuel. The freight rates fall to OPEX of the least efficient ships,
which increase the layip rate. Because of the low freight rates and the tight credit from lenders,

the shipowners get negatigash flowand the financial pressure builds up.
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1 Stage ds called a recovery. As the supply and demand move toward balance, ther&tsght
rise above OPEX and the laid up tonnage falls. The confident in the market is still uncertain, but

growing. As the liquidity improves, the second hand prices increases.

{Stage 3s called peak or plateau. In this part of a cycle, there is undecigapathe market,

where the vessels are fully employed. Only untradeable ships are laid up and the operating fleet
operates at full speed. Freight rates rise, often multiplied as mueh am&s. The timdorizon

of a peak is uncertain, it may last enf weeks or several years. High freightesaalso give
incentives to shipowner to capture more deadweight so they can utilize the high prices. A lot of
newbuilds are set in motion, and in rare cases the second hand prices exceed the newbuilding

prices. Leding is easy accessed and the investors are happy.

{Stage 4s called collapse. As the supply overtakes demand the market moved into the collapse
phase and the freight rates fall. The reason why supply overtakes demand can be many, but usually
it is thenew deadweight entering the market which resnlanoverinvestment and overcapacity

in the market. The liquiditis still high and there ifew ship for sale since the owners are unwilling

to sell their ship at a discount.

Cash transfers
to shipowners

Short-term
/ cycle
Peak
Cargo
owner's

sport
risk of transp

Break-even cost T,

Freight rate paid by shipper

Trough
Shipowner's
risk

Cash transfers
to cargo owners

Time

Figure 2: The four stages of a cyd{Stopford, 2009)
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5.2 Automatic Indentification System

Automatic Identification System (AIS) was initially intended to prevent collisions and assist port
authorities to control sea traffic. Denber 2004, the International Maritime Organization (IMO)
required all vessels with more than 299 gross tonnages to carry an AIS transponder on board. The
transmitter communicates the speed, position, course and other factors suchvasséte

identificaion number (MMSI) dimensions and other voyage details.

The AlStransponder includes a GPS receiver and a VHF transmitter, which respectively collects
the position and transmits the information periodically through two VHF channels. This data is
publically available to the public domaiiMarine Traffic, 2016) There are mainly two types of

AIS transponders which are used to collect the data. Both methods can be use®ddmbet
maximum coverag€lM O, 2016) Terrestrial AIS (TAIS) is received by an external antenna
placed 15 meters above sea level and will receive signals with a radiu20fritical miles.

Base stations at higher grounds may extend the range30 A@utical miles. SatellitalS (S

AIS) transceivers are transponding much further vertically than horizontally, with a reach of up to
400 kilometers.

Our AlS-dataset contains nine gigabytet .csv which corrgponds to800 million cells of
information. The dataset obtained for fleet contains available Al8acking from 44 vessels in

the Norwegian LFC fleet. Some of the vessels-&#gking are only partial, which can be a
consequence of their time of entry into the market or other technical faults. The operations in the
Norwegian fjords, can be challenging if they are only transmitting§l$. To compensate for these

errors,only 34 vesseltave sufficient datan the set, diversified in size and age

5.3 Return on Shipping Investments

The Return on shipping investment model shows pfitable an investment is, in each company

within a shipping segmenthe ROSI model can be split into four componevitere NAV is the

net asset value of the fleet at the end of accounting period and EVA is the economic value added.
Qwd 0600000 8600
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To calculate the economic value added (EVA), we take the earnings before interest (EBID),
subtract depreciation (DEP) to r efplageocetducitghe f
their value, and add capital appreciation (CAERppford, 2009)EBID is the cash flow earned

trading on the spot market or TC market after deducting operating expenses. CAPP is the change

I n t he c otwauwe duirng she \®ar.s e

5.4 Free cash flow & NPV

Free Cash FIowHCH represents the excess cash that a company have to disposal to invest with,
after they have done their initial investments and costs. This implies that FCF is the incremental
effectofappj ect on the firmbdbs avail a@Bérie& Dedazb, i s t
2014) FCF is important because it allows a company to pursue opportunities that enhance
shareholder value and increase the revenitesfollowing formula give the FCF of a project for

a company:

OF ' @@BAQG € 01 QU QE @Rii dp T 6ONON @6 T20QnR1T QOQMO QE

The last termf 2 O'QR 1 'Q o Gxthie @xpreeciation tax shield. It is the tax savings that results
from the abilityto deduct depreciation. As a consequence, depreciation expenveea positive
impact on FCFTo have the ability to copare among alternatives, the Net Present Value (NPV)
is useful. The NPV covert the cash flows into present values, and make thetia#iserna
comparable. One should always choose the project with the highestbMP&so critically

evaluatanternal rate of return (IRR).

0 @O0 —— "060z

A disadvantage with the NPV approach is that the sensitivity to the discount rate. The longer time
horizon on the project, the more sensitive the NPV gets in regards to the diste(Berk &
DeMarzo, 2014)Risk related to the project will in reality fluctuate throughout the period, which

is not accounted for in the model.

The selected cost of capital has large impact on the NPV analysis. The weigstted capital
(WACC) is the effective aftetax cost of capital to a firm. The WACC is taken into account that
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a firm is financed by both equity and debt. Because interest expense is tax deductible, the WACC
i's |l ess than the easgpwscted return of the firmo
o 0

! 0 o ©0 0O

p T

When using WACC as the cost of capital, one assumes a constant cost of capital for all future cash
flows, which indicates the same risk in all future. This is not the case in mostrieslasd both

the cost of capital and the capital structure is changing continuously.



35

6.Model |l ing Supply and Demand

Forecast of future supply and demand is necessary to aid planning and decision making in the LFC
sector. However, the future is uncertairora historical observations, we can get insight into the
drivers for the market for Live Fish Carriers. This will contribute to the understanding of the
present market situation and consequently add value to future predictions. The different variables
detemining the market is many and inteorrelated. The first step is to single out the factors of
importance. This is not to suggest that detail should be ignored, but rather to accept that too much

detail can blur an analysis.

Martin Stopf oSrhd pppriensge nMasr kileTth eSu p p | wrd,2009). InDe ma n
this framework. He proposes a moadiich simplifies the complexity of the maritime economy.
Adjustment of the model to match the LFC market Norway is done to get a simplified way of
communicatig the results of our findings. The model for the LFC market contains the following

variables.

On the demand side, five variables determine the quantity. Underlying is the economic
development, which is assumed to be exogenous. However, it is cruckhtmdedge the impact
of the economic state of the export regions in regards to the Norwegian economy. Salmon
production is affected by the economic development. Political and biological conditions regulate
the production under the present economic stEte. number ofsalmontransported and the
distance which it is transported effectively gives the demand for the transportation. Random
shocks, such as unexpected occurrences of lice and illness will hawtesimomnpacts on the

demand.

Four markets deterime the supply side. New building, phasing out or scrapping and sales and
purchase markets determine the volumes which are available in the freight market. The number of
vessels, their loading capacity M3 and utilization determines the supply side. mteipret the
development of the supply and demand equilibrium over time, economic incentives, collaborative

forces, and management decisions are crucial for the understanding.

The dynamics of the LFC market is described in Figur@® LFC Market Modelpn the

following page.
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Figure 3: The LFC Market Mdel

In traditional shipping theory, the common measure of quantity in the freight market is tonnemile,

which is the tonne capacity times the distance transported. In the fopd€Cs,tonnes will be

the equivalent of the M3, hence the volume. However, there is no data on the distances the vessels

have sailed during the time period from 2005 to today.

To solve this, our data is categorized in time periods of one month. Durenghonth we have

obtained information, through interviews, on how many operations one LFC on average could
performin a month Hence, the three markets for freight are in NOK/hour dependent on the size

of the vessel (TC), the NOK per M3 and NOK/operationeigards to the volume.

One cubic meter, M3, can hold different volumes of biomass, in regards to the sizealfitbe

transported. Largegalmondemands more water in a M3, and smaller less. The dens&mbn

in a cubic meter dictates the biom#ss M3 is able to contain.
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6.1 Demand folLFCs

When analyzing the demand,we focus on three main drivethe salmon production(1)
Transportatiorof smoltto grow-out centes, (2) transportatiorof grown salmon from centers and
(3) operations related to treaent of lice.Random shocks such ascurrences of deceases, are

left out of the modetlue to lack of data

The dataset of the number of outgoing and ingasafmonin nine geographical regions and
number of active cages and locatiamthese regionsThis data has a time horizon starting January
2005 with monthly intervalst. The occurrences éémale sea lice and sea liceatment processes
done ineach of the regions in the respective time periods. The data represetatisof 14Qime

periodsand nineregions

Thenineregions r, are respectivifFinnmark(Fl), Troms(TR), Nordland(NL), Nord-Trgndelag
(NT), SgrTrondelag (STMgre og RomsdgMR), Sogn og FjordanésF), Hordaland(HO) and
Rogaland and Agd€RA).

6.1.1 Demand Drivers

Transportathn of smolt togrow-out centes are determined by the numbersaimonthat are
transported to the locations in each region in every time period. In the model thareravkraged

to be 100 gramS) (Fiskeridirektoratet, 2015Dne M3 is able to carry different volumes of smolt

in regards to the total size and the shape of the on board tanks at the respective LFC carrier. On
average we assume the transporting capacity of one generalized M3 to be 50 kilos, which accounts
for approximately 500 averaged sized smolt. However, we assume the tgapatito be

maximized, ananly 90% of the actual capacity is utilized on an average trip over the time period.

o "0z"Y
h 6 iz TiBo P

From the outpuin Chart 8we observe aighly recognizable trenth the demand for M3
transportation, from the output of smollonthly averages of the M3 equivalent owetenyear

period, clearly states that the demand for these operations are peaking in May and September.
Regionally the demand differs, which reflects the regional differences in production levels, but

also the difference in the regional demand for fpanstion and consequently-Cs.
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Chart 8: Monthlyaveraged M3equivalent Smolt demand

Nordland and Hordaland are the two regions which over thegieniod have the highest average
demand oftransportation over the time periodfihere are also differences between seasons
regarding to thelemand. Biological restrictions determines for example that it is not profitable to

move smolts to the growout centers in Finnamrk duiatigdue to the temperatures.

The transportation of grown Isaon to theprocessing facilities, is the main operation of a LFC.

All the salmon that is transported to the growout centers, will consequently need to be transported
from the centers. This is typicaly after-22 months, and when the salmon have growarto
average size of 4.5 kil¢&) (Marine Harvest, 2016 he size of thealmondetermines the dencity

of salmonin one M3. This is also subject to the totaksif the tank and the shapetofdn average

we assume one M3 tze able to carry 40 average sizadmon which accumulates to a total of

180 kilos of salmon@g). The number osalmonfrom each region in every time period is

expressed by

6 20
o)

or

The demand for M3 from #hharvest of almon from the growout centers is more evenly
destributed over a year. However, averaged monthly over a tengmad there is a tendency
towards more harvest in the last six months of the Jé&rtransportation aeand from the harvest
of salmon is significantly different from region to region. The transportation demand from
Nordland accounts for the demand fronortdTrendelag, Sogn og Fjordane and Finnmark

combined, averaged monthly over the-year period.
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Chart 9: Monthly averaged M&quivalent Harvest demand

The total M3 demand volumé&®m the Harvesare much largethan the volumefom the smolt
transportation. Naturally the capacity in terms of numbesabhondictates this difference, when
one M3 is able to hold 50f/eraged sizesimolt and 4@verage sizedrown salmon. There is also

some loss of bimass during the grow out ped, which is not affecting our model.

To account for the transport capacity related to delicing and processingsafrtia) carried out
by the LFCs, we need to translate the volumes into-8tfllivalents demand drivers. From the
Norwegian Food Safetyperts, the percentage of reports of lice where the lochisundergone
a treatmenteer the total number of reports in period t in regi¢R:). With the averge outgoing
stock of &), and the number of locations. This percentage number will efédgtyive insight

on the treatedalmonover time in the different regions.

To convert the number of treatedlmoninto an M3 equivalent, thealmonof is assumed to be
2.3 kilos at in an average location, and one M3 is able tod¥dkdos. This amourt to a total of
42 salmonin a M3. The interpretation of the M&juivalent in this demand driver is however
slightly different, fom the transportation driverd/hen interpreting the demand in a motitare

is a lot of uncertainty. We do not know the attirae period of the treatment procesghin the
month or the type of processing preformed on the salraddition,the treatment can happen
in different forms. To account for the uncertainty, the congaadded with the value of 0.8.

Yz z2§2Q
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The average ahe demand from the treatment in every month over the sameperiod shows
an observed peak during April. This is due to the spring cleaningre farmers want to enter the

summer months with low numbers of licEhe reduction of the lice in April will consequently
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give a less demand in the following month. However, when the sea temperaegsicing

operations will increase.
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Chart 10: Monthly averaged M&quivalents lice treatment

Thereis major year to year changes in tbecurrencesof lice which contributes to more

uncertainty regarding the seasonal trends graphed in the above chart.

6.1.2 Total Demand

The total denand is the sum of the three demand drivers ireg@ivalents. This proxypdicates

the development on the technical demand side of the market. There are observed regional
differences in the seasonal trends, which also are observed oveBtimmarizing hte demands

in every region, r, in each time period, t, across the three drihersumwill give insight orthe
demand side of the market as wh@le This does not account for the regional differences, but the

state and development on a national level.

0O O O O T
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Chart 11: Total demand over timie M3-equivalents per month

We observe that about 10% of tdemand is assigned the output of smoit0% is assigned
harvesting of grown salmon and 20% is assigned the processes reldgkcirig. This is in line
with the opinion from participants in the industi{owever, this relatiofs varying within annual

seasoality. The total demand for M8quivalents have been relatively stable sthedatest years.

Since 2012he average monthly demand for Mguivalents have been steayeraged annually

at 3.000.000. However, the relation in the two underlying drivere bhanged. The demand for
transportation of smolt have been steady and low, with the seasonal dwitigs.period from
2009 to 2012Zelicing operations was significantly higher than the rest of the period, which is
aligned with the observations from ¢h3, Lice ObservationsThis contributes to the observed a
steady demand for M8quivalents from 2010 until todayHowever, the errors in the lice

processing operations gives more uncertainty to the calculations before 2012.

6.1.3 Regional Dfferences

The demad is differing depending on the region, r, and time, t. The reguiiffatenceswill
consequently give insights on the regional LFC fleet distribution. In the different regions there are
different underlying drivers for the demand, such as optimal tintevest and output as well
individual patterns in terms of lice occurrences. Furthermore, there are different number of

locations and cages in the regions.



42

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0% Fl

mRA
HO
SF
MR
mST
ENT
mNO
BTR

S00¢
900¢
,00¢
800¢
600¢
0TOC
TTOC
[AXr4
€T0¢C
7102
STOC

Chart 12: Geographical distribution of Demand

The chart shows theelative regionaldistribution of demand foLFC services over timewith a
moving averageNordland has had the largest proportion of demand throughout the time period.
Troms is increasing their demand. The mosaii@ region in terms of M&givalent demands

Ser Trondelaglhere could be several reasons for,thig lice and diseases is part of the answer.
The distribution changesver the period. More demand for M@juivalents are coming from the

northern regions relative to the others.

6.1.4 Random shocks

Ocaurrences of deceasissthe main contributor to the random shocks obsermetiedemand for
M3-equvalents. There are some observable trends in the occurrences of the randonWahocks.
choose not to convert this into M&juivalents due to the relative sifethe volume of transport.

If ILA is found on the livestock the biomass is transported to a slaughter immediately. If there is
an outbreak of PD, this is handled differently depending on the region of obser{idtm,

2007) South of Hustavika PD will result in slaughter transportation and north of Hustavika

treatment processesifficient to cope with the problem

6.2 Supply of LFC capacity

To detemine the supply of LFC vesselship production, scrapping grhasing out and
productivity of LFC vessels necessary to investigata this chapter thidiesis investigates these

factors under three different utilization scenarios of the currentfldet.
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6.2.1 Shipbuilding in Norway

The latest years there has been a severe change shigibuilding prduction in Norway. From
beingoffshore supply manufacturgthe shpbuilding companies are now mainlygolucing other
types of vesselsThe change in production afFCsis observed in the Norwegian shipbuilding
cluster, from 4% in Janua2015 to 16% in September 20@@even Verft, 2016)Sletta Verft,
have historically built L0.FCsbut due to the increasing sizes of the newbuilds they had to stop
their manufacturing of LFC when their equipment no longerccbahdle the sizéevelopment of

the fleet Aas Mekanske Verksted have through many years bHi@5 and are still producing in

a large scaleThe technological development has affected the LFC indussydh matter that a
300071 3500 M3 vessel on 90 nter costs of aproximate300 million NOK.

Foreign Yards

Other Norwegian Yards

Astill-eros Zamakona S.A
Kleven Maritime
Fiskerstrand
Havyard

Larsnes Mek. Verksted
Sletta Verft

Aas. Mek Verksted

0 5 10 15 20 25 30 35 40
H Vessels Built Newbuilds

Chart 13: LFC Production (Brgnnbateiernes Forbund, 2016)

6.2.2 Phasing Out andScrapping

There is no registerecmapping in the LFC industry in the Atlantithe most common waip
allocate an old vessel from the fleet is to seb dither LFC markets or to other industri€sveral
vessels have beevnld to Scotland or the Faroe Island$ie possibility of phasing out is in other
words present, but not a frequently used decigidake in the current market.
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6.2.3 Norwegian LFC fleet

When focusing on the Norwegian LFC fleet, we exclude thesl®esperating in other areas tha
Norway. Norwegia owned vessels operating in the UK &adoe Island is included becauhe

short distance beten UK and Faroksland and Norway, which implies that a vessel can operate

in the Norwegian coast if needed. The Norwegian LFC fleet owned by Norwegian owner consist
of 61 vessels,ra represent a total itone of 85851 M3. On aerage the age on a vesgel25

years ad the average volume is 1407 NBrgnnbateiernes Forbund, 2016)nce there is10
scrapping in this segment, we assume that the old tonnage is still available in the market since the
costume is to sell off oldhip to smaltompanies in nearby countrié¢¥otting the age and size of

the fleet one can observe a clear tendency that older veseetsnaller and newer vessels are

larger.Newer vesselsaturally also have more advancedlmard technologies, sucks alosed

systems.
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Chart 14: LFC Distribution between age and siB@nnbateiernes Forbund, 2016)

All of the supplied M3 which is built after 2006, and are 10 years or less of age, lbaed c
systens (G1). Vessels with capacities under 750dd8s not have closed systems YG3om the
group of vessels that are of are more than ten years of age and have a capacity of more than 750

M3, only one vessel has closed syst¢@2).

The fivelargestLFC conpanies, control 8 of the total fleetand all of the Gl/esselsOf the

16 G3vesselonly four are owned by the top five compani€kis characterize thmarket as an
oligopoly where the market control enterecbetween the top five. After the merdastween
Sglvtrans and Bgmlo Brgnnbatservice, this company controls 27 % of the fleet, bdargebe

company in the industry.
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Recent yearsargervessels have entered the market, but also a significant number of medium size
vessels with a capacity ram@f 10062000 M3. In 2017, 10 new vessels are entering the market
with a total volume of 32.000 M3. Consequently, there will be a 38% increase of total M3 capacity
next yearNine of the ten vessetge owned by the top five compasiand will contribut¢o the

G1group of large and technological vessels.
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Chart 15: Total M3 capacity Chart 16: Operating M3 in classe

6.2.4 Fleet productivity

Analyzingthe fleet productivitya number ofeasonabl@assumptions are mad€o analyz the
productivity, three scenarios makes the basis for computing different utilization of thdfleet.
scenarios are computed through upscaling the time use of a vessel such that the availalyle capaci
in a month can be obtained. These numbers are cross referenced with statements from industry

survey.

Scenariqx) Utilization Trips per month
1 Max 50
2 Average 39
3 Min 30

Table 4: Outline of Scenarios

The assumptions arsubject to a number of possible errorgy. Enaintenance and repairs are
natural time consuming activitieshweh arenot taken into accounflThese three utilization
alternatives are made adase for the analysis, and wile crucial to the understanding the
freight market equilibrium in the model. The erravél however be further discussed, when

interpreting the positional tracking of a numbéressels in in Section Fleet Utilization.
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6.2.5 Total Supply

To mockl the supply of LFC, we haves made mathematical model to explain the supply drivers
(5) in the three utilization scenariobhe total supply of LF®13-equivalentsp , is the capacity

of each carrier, w, in time perod, t. The utilization,, of the vessels in time period, t, is done in
regards to the scenari@  plgfo . The computation is less accurate the further back in time it

is calculated, whewe know less about the structure of operations.
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Chart17: Supply Utilization Scenarios

The different scenarios capture the reasanadhge of M3 utilization. From the output of the
demand side where 3.000.000 M3 equivalents have been the average level the past six years, this
indicates that an observed overcapacity witur in the time period between 2015 and 2017.
However, to evalate the mismatch it is necessary to look at the mismatch of the supplied and

demanded M&quivalents over time.
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6.3 Equalibrium

By matching the supply and demand in every tinggid t, the model will give insighof the
developmenthe relationbetween suppland demandie are ombining he two formulas, and
adding a mismatch factab hto the equation (6)t is important to distress the fact thiaetfurther

back in time the model goes the more uncertainty it contains. We do know more about the

operations today, thaten years ago.

Interpreting the relation between theply we want to smooth the trends to reduce noise. A twelve
month moving average captures the yearly trends in the development in the mismatch between
supply and demand over tiniEhis method aates aime lagof one year, but captures the annual
trend in the mismatch. The simplicity of the calculai®that weadd a mismatch factes which
captures the mismatch of the supply and demand in every t for each scerfRearranging the
equation(7), we want to isolate the mismatch fagtand create a twelve month moving average

).

A L'MIiAQ pg 1]

To account for future demand 2017, the production in the 2016digplicated to the respeesi
months in the going forwardt is not expected that the production will increase significantly in

2017with the presentegulations.
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Chart 18 Moving Average of Supply and Demanigmatch

The results show a demand surplaEmore than 1.000.000 M&quivalents per month throughout
the period until mieR014. It also shows that the market will balance in 2017 at an equilibrium
where the supply matches the demafd. observed, the market is moving towsra stable
position, with indication of a small overcapacifjhereis no data on newbuilds in 2028hich
gives the impression of a stable allocataround 300 000 M&quivalents. Thiss the same as

surplus of0.6 average sizegkssels per region.

There are two concerns regarding this interpretation. Firstly, the data before 2012 have to
uncertainties related to the treatment processes performed byF@& Secondly, the size

distribution of the vessels has changed over the period.

From the secure th 2012 and onwards, there is a positive trend, in the mismatch. In this period
larger vessels entered the market, who could effectively carry more M3 per trip. In other words, a
more efficient fleet. In the model above it is assumed that a M3 could fneely and
independently, which is not the case. What is important is that the relationship between supply and
demand have experienced amatic change over the past fgaars, while the demand has not
changed significantly.

A demand surplusf 1.000.00 M3-equivalents is theame as aandercapacity of two averaged
size vessels in every region. This undercapacity could potentially be the reason for the high

revenues of the shipowners.

It is reasonable to assume that the entry of new capacity wilivfaeHe demand foL FCswith a
lag due to the productigorocessChart 18showsthat the pattern is not recognized in any time

period.
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Chart 19: Supply and demand

The development of the supply and the demand does not follow rtiee [szttern. With perfect
information one would assume the development of the supply to follow the development of the
demand, with a lag representing the timtakes to build a vesseThe demand is based on the
sum of the development in three categorisisolating the main driver for demand, the harvest

transportation, we observe that the supply follows the demand until 2014.

The harvesting patterns are recognizable over time and a salmon producer would be able to forecast
their harvest transportatiatemand 14€2 months into the future, when this is the time a salmon

to grow to its full size at the groaut centers. Consequently, this information could be transmitted
through the value chain such that the different stakeholders adjuist their opetens.

These observations are based on ten years of data. The interpretation is highly dependent on the
utilization of the fleet, reflected in the three different utilization scenarios. In the following sections
we will investigate which of the three s@#ios is best suited to explain the weighting of the

scenarios, and further why the shipowners still are expanding the total fleet.
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To obtain greater accuracy on the utilization of the fleet under the present markébneywie
interpretpositional and operati@ah traking of a number of vessels in the LF€et Measuring
the utilization of the capacity of the fleet, we have to take into account the way the fleet is managed.
The positional tracking will contribute to a greater ersianding of the actual utilizati@nd the

dynamics of the market in the present state, whiidlhcontribute to the model.

7.1 Operational Research

Operational research is playing a gradually more significant role in the natural resource sector.
Moreover,how to harvest optimally under environmental restrictions and policies, to maximize
profits and reduce the footprint on the environment. The decision making in aquaculture is mainly
with the focus of optimally harvesting the right amounts of biomass atighetime for the
downstream markets. To be able to make the optimal decisions, it is crucial to obtain as much
information as possible on behavior, capacity utilization and efficiency. This is to some extent
done at the salmon producing plants isolabed not transmitted and used through the entire value

chain.

The harvesting and output patterns of salmon production are highly recognizable, and individual
salmon producers pay close attention to the development of their stock. This information can be
used as forecasts for the operational planning ofLfF@s. At a 100% utilization of the fleet,
vessels would be able to move between contracts to utilize their capacity in regards to distances
and volumesto minimize risks and costslowever, this is urkiely due to financial drivers and

competition in the segment.

The general increasing environmental concern, makes is important to improve transportation
planning. Moreover, the environmental concern drives more efficient decision making, which

consequenyl in most cases would decrease variable costs for the reliable company.

7.1.1 Mapping the AIS

In order to get insight on the actual operations, the first step is to map out the operations of the

vessels. Operations occur at speeds less than two knots, and twis asea filter fordenifying
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the locations for operations in the dataset. From two shipowners three vessels are chosen to get an
overview on the geogracal extent of the operationsdividual ships have individual colors.

Map 3: Operations company one Map 2: Operations company two

The geographical spread in operations for vessels is large and overlapping. Vessels from the same
companies are operating across regions and consequently uses a lot of the charteresiiimg on
between operations. Naturally this occurs when vessels from a company are chartered from
different salmon producerBurther aalysis of the AIS tracking daia done by categorizing the
vessels into classes dependent on their size (M3) angktihthe vessels age theclassifications

G1, G2 and G3To get insight on the vessels actual operations, dummy variables are created to
identify the region of operations for each vessel in the dataset. Nine regions are categorized by
latitudes defining the southern and northern border. For every vessel, categorized by their

identification number (MMSI) one dummy varlahks created for each region.

Latitude (La)

Region North (NO)  South (SO) r

Finnmark 71.39472 70.12947 FI
Troms 70.12946 68.37098 TR
Norland 68.37097 65.09246 NL
Nord Trgnderlag 65.09245 64.25507 NT
Sar Trgnderlag 64.25506 63.21797 ST
Mgre 63.21796 62.14416 MO
Sogn og Fjordane 62.14415 60.52152 SF
Hordaland 60.52151 59.30476 HO
Rogaland og Agder 59.30475 57.53457 RA

Table 5: Definition of regions in Latitudes
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With the dummy variable it is possible to identify the region where the vessel has operated in the
time period In addition,the reported speed at the specific time indataset can give insight on

what the vessel is doing at the repdrtime, in the specific region.
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We assume that all speeds below twotkrare related to operations. On the other hand, speeds
above two knots are assumed to be transport time. Within a region the number of observations of
speeds of operational matter will be marked as 1 and the speeds of transportation matters be

marked Om a dummy variable
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The average of the dummy speed observations within a regibrconsequently be the number

of transmitted observations of opdons over transport which can indicate the efficiency of the
respective vessel in the region. More observations of low speeds in regards to transportation speeds
will indicate that the vessel is assignirgjativdy less time to the sailing.he efficierty index

will range between one and zero, where a higher number reflects higher efficiency and less

distance travelled.

The density of the transmitted signal is however varying between vessels and time. The efficiency
index is therefore not comparable @3 vessels, but will give insight on what regions the vessels

are operating in and their relative intensity on the operations performed.

With the categorization of the vessels size and age we are able to draw some bold conclusions
from the output of thisnodel. Large vessels are often operating in smaller geographical areas, and
are more efficient when they are there. Smaller and older vessels are often operating over larger
geographical areas, and are less efficient when in the regions they operate.
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Chart 20: Fleet utilization

This providesindicationsthat the average number of trips per month&oressel is not fully

utilize d , which will give | ess weight to the 0 me
model in section6. Furthermorethe characteristics of a vessel could determine the contract
structure. Small vessels are on shorter contracts and would consgdnaeetlto move more in

order to maintain a backlog, while larger vessels are assigned longer contracts and can operate
more efficiently. As new vessels are often acquired based on a contract smaller vessels have a
higher probability of shorter and less fitable contracts.When the market is indicating
undercapacity, it is noteworthy that the vess®ks notused optimallyin with in a technical

perspective
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7.2 Incentives for maximizing utlization

It is possible to plan the operations of the LFC fleet iamdgto the transportation and openaal
demand for from the growut centersgoing forward. The operational planninf aquaculture
value chain is divided into twmain parts Biological optimization focus on the growth of the
salmon population in a fdity to maximize the biomass output over time. Topics such as feeding
and dsease$Cho & Bureau, 1998ultivation band growth and mortali{3jerndal, et al., 2011)

are widely researched in acadeiiterature.

On the other hand, the operational approach focuses on the operating conditions of the production.
Effectively this is the incorporation of economic variables that affect profitability and
environment. Other studies have researched thet&ng harvesting patterns to optimize the
profits. However, in all of these papers the incorporation of transport is left out or only looked
upon as a single static cost, not subject to the variable costs on fuel in regards to distances and

other operating@xpenses that are accumulating in the operatiobEG&

A simpleexplanatiorto this is the marginal costs the LFC operatiantially accounts for when
producing one kilo of salmm Fromthe cost structure of salmon productithat ofthe total cost

of producing one kilo of salmgnhe LFCsareonly respondile for 3.5% of the total costs, about

1 NOKKilo. The cost of the fuel on the vessels is on the accounts of the salmon producer, not the
vessel ower. At the marginal levelthe incentive for moreficient operations is not present
Rather the opposite. THg-Csfunction as an insurance for the biomass is weighted higher than

the cost of chartering arfdeling a vessel that is not in operation.

Fernanda Bravo et al presents two integrated modelshne paper AiMat hemat i c
optimizing production chain planni nfgeshwaters al mo
(smolt) andseawater@row-out phase) phase which are coordinated through the quargainodn

transferred between the pextive phaseéBravo, et al.,, 2013)The results are numerical and

presents improvements to the current manual approach to decision making. The study is covering

46 seawategrow-out centes with the total of 944 cages.

With the growth rate as the underlying driver, the model optimizes the output from a region. The
results are increasj the productivity of the growut centes with 3% more biomass, where the
normal distribution of the harvestedimonis narrowed from 1% kilos to 3.25.3 kilos. However,

the transportation of the smolt and salmon is embasuredhrough the flow variableg andh .
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Over the five year planning horizon this leaves a trail of 60 individual transportation demands for
everygrow-out center Themodel assumes that the transport is available at a static price in every

time period,t.

This demand could optimally be used as input for a transportation model, @8grs the
demanded transport of smolt to facility in time periodt, and DGy. At an optimal leve) the
transportationvould be attechnical demand equilibriufthestructure of the market would have

some slack in regards to the competition between companies and the willingness to pay for
Ai nsuranceo i n t er tesalnooffarncerwouldwan ta loeiakleyto cepe witht t h

random shocks to the biomass.
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8.l nvest ment Dri ver s

Fromour, more capacity is entering the market. The new tonnagearilribute to more supply
in the marketwhich potentially will decrease the freigiates.The following chapter will try to

investigate these following quest®n

i)  What is the value of the operations?
i)  Why is the shipowners still investing in new tonnage?

iii)  How sensitiveare the shipowners tthangesn freightrate®

8.1 Valuating the operations

From a sal mon producerds perspective, the pr .
upon as an insurance. The static operations in regards to transport, can be forecasted in regards to
harvest planning and is not assigned to muutertainty. The occurrences of lice and diseases,

will appear with more uncertainty, and can potentially cause loss of biomass and consequently
profits. With the increase in number of salmon per c@&eait 2 and the positive development in

prices Chart4), the vdue of a cage or location hawereased drasticall{thepotential economic

loss experienced in aarly harvesof a cagewill increase.

The probability of an outbreak of disease and a more rapid growth of lice, is by logic higher when
the dessity of farmed salmon in an area is higher. Otnertenyear period the density odsnon,

in the regions have increased.
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Chart 21: Development in average cage value
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When both the value of the insured good and the probabilityedbss of the good is increasing,
naturally the price of thmsurancewill rise. An averageagein 2016is valued at 15 million NOK.

This value has increased with 400% from 2006. It is unlikely that the portion of the charter prices
are related to peessing have followed the same pattern, but it is reasonable to believe that the

increase in value will to a large extent be reflected in the contracts.

The chartercontractan the LFC market typically covers several years, the salmon producers are
reducng the physical risk to their biomass. Shipowners are on the other hand reducing their
financial risk. The pricing of a TC will reflect the present state of the market and future
expectations. Today the average TC price is 4.400 NOK/hour. The averagevifiricentain
elements from different times of contract engagement, and consequently contain a lag.
Approximately 80% of the present operating fleet is on TC contracts, which are engaged in a time

span of up to seven years back in time.

8.2 Return on Shippingnvestment Model

On a corporate level, the ROBlodel is adequate to answer the question (ii) of why shipowners
are investing in new tonnage. As observed there are differences in the operational returns, and
consequently the way the capacity is managdt affiect the profitability of a ship owning
company. The output from the ROSI model shows the return on the financial investment in the

fleet. In the calculations Norsk Fisketransport is left tnacause of inconsistent data.
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Chart 22: Return on Shipping Investments

The return in the investments for the LFC companies have accumulatdoharghial profits over

the latest years. On average the return among the four companies over the period is 12.6%. With
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high barriers of etny to the sector, there are only a small numbesashpanies who are providing
the transporting and processing services. Withogheratingprofit margin of 43% on average
among the top five companies, one would assume that the ROSI would be higherekoneev

interest and depreciation costs are devouringtbgt from the investments.

There are several weaknessdth the data. The net asset vatixairs more than only the value
of the vessels. Properties is eliminated, but other fixed assetscatlt in the calculation due to

the accounting standards from Apublic companies.

In 2006 McKinsey analysed the return on invested capital (ROIC) on 7.000 publicly listed non
financial companies in the US from 1963 to 200Ke revenues of the companigbere more

than $200 million in 2003 dollars, adjusted for inflatitMcKinsey, 2011) Their result shows the
average ROIC inhe respective time period wa9% excluding goodwill and 9% including
goodwill.

A thorough aalysis done by Aswath Damodaran at NYU Stern School of Business collected data
from sever al i ndustries, including data from
companiegDamodaran, 2007)This analysis showstha t he average ROI C for

Marineo was 6, 42% while in fitransportationo t

Comparing the ROSI with the ROIC from these studies, indicates that the LFC owning companies
have relatively high margins. However, not as high &ssbrould suspect from the profit margins.
According to the shipowners this is due to increased salaries, financial costs and increased
operating expense®ue to the high profit margins and the relative high return on shipping

investments, the LFC markest attractive for both shipowners and investors.

8.3 Freight Rate Sencitivity

In this sectiorwe will analyzethe effect of different scenarios of price levels on the NPV of a new
invested LFC.From our findingsthe players are making both relatively high opieta and
financial returns. The information on freight rate is limited, and the only reference point is the
average price of 4400 NOK/hour in 2016. To investigagedifferent price levels and thmpact

on the financial returns, we can get a furtherghsin why the shipowners are investing heavily

in new capacity. This analysis is an exertion of the ROSI model.
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The average of the threargest LFC companies, gives the basis of the stostture to thdree
cashflow (FCF). When estimating theevenus from operationsg price range of 2000 NOK/hour

to 4500 NOKhouris used This gives us six different scenarios. We expect a lifespan of a vessel
to be 25 years, with a linear depreciation. As the assumed new vessel costs 300 MNOK, the
depreciation is 1®NOK a year. Thescrap value is assumed to beMNOK. The tax rate is Zf
(Regjeringen, 2016)

Step one is to calculate the WACThe average of the total equity debt in 2015 of the five largest
LFC companies are the basesthe equity and debthe estimated equity to total assets is 21.45

% and the estimated debt to total assets is 78.55 %. Assuming high expecting shareholders and
relative low interest rates arewly issued corporate bondse assume the return of equitybe

15% and the return of debt to bé&® These estimatesre only a guidelie, which are to be
analyzed This gives a WACC with tax on 6.98

Before calculating the FCRa sensitivity analysis of the WACC is preformedattalyzethe
sensitivity regardig changes in the return of equity (Re) and the return of debt{&ale 7show
how sensitive th®/ACC isto change.

Re

6.0842 % 2% 4 % 6 % 8% 10% 12% 14% 16% 18% 20%
2% 16% 20% 24% 29% 33% 37% 41% 46% 50% 54%
4%| 27% 32% 36% 40% 44% 49% 53% 57% 62% 6.6%
6%| 39% 43% 47% 52% 56% 60% 64% 69% 73% T7.7%
8% 50% 54% 59% 63% 67% 72% 76% 80% 84% 89%
10%| 62% 66% 70% 75% 79% 83% 87% 92% 96% 100%
12%| 73% 7.7% 82% 86% 90% 95% 99% 103% 10.7% 11.2%
14% 85% 89% 93% 97% 102% 106% 11.0% 11.5% 11.9% 12.3 %
16%| 9.6% 10.0% 105% 109% 11.3% 11.7% 122% 126% 13.0% 13.5%
18%| 10.8% 11.2% 11.6% 12.0% 125% 129% 13.3% 13.8% 14.2% 14.6 %
20%| 11.9% 12.3% 12.8% 13.2% 13.6% 14.0% 145% 149% 153 % 15.8%

Rd

Table 6: WACC sensitivity

To investigate the impact of the effect of differqumice levels on the NPV, theQF is first
calculated within the price rang@/e exclude growth in our model because of the LFC market
seems to have matured and there is assumed no growth in the salmon production in thedfuture.
find the development of the investmémta new LFC the investment cost is sumnzed with the

sum of yearly FCKRAppendix 2 Figure 7). Chart 16showsa NPV break even analysis. In the
end of year sevethe investment with a freight rate of 4500 NOK/hour exceeds egepy year
after this the investment Wgive economic value added (EVA)
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Chart 23: NPV of Ship investment in regards to TC psice

The model shows that a price of 3000 NOK throughout the lifespan gives a NPV of zero in year
12, whichindicategsthat the vesseadrovidingEVA. A price of 2000 N® gives a NPV of zero in

year 20 An extreme case is with a price of 4000 or 4500 NOK, which gives a NPV of zero in year

8 and 7. The most reasonable conclusion is that a vessel will obtain a high price in the start of its
lifespan,and the price is slowly decreasing throughout the time period. Line 4500R and 3500R
shows a such relationship. It is assumed that the freight rate is decreasing with 1 % each year, so
the freight rate in year 25 with 4500 NOK in year 1 result in a rad2® NOK/Hour.

The internal rate of return (IRR) shows the discount rate that makes the NPV equal Theero.
freight rate 300O0NOK/hour have aniRR of 11,5 % while 4500 NOK/hour have 1%6 This
indicates thatvith a freight rate of 3000 NOK/hour, theoject will have a NPV of zero if the
WACC is 11,5 %. Since the WACC is 6,08 % the project can increase its cost of capital without

making the project undesirable.

A weakness with the model is two folded. First we assume that the freight hour ratstaton
throughout the time period, which is unrealistic. The second weakness is the assumption of a
constant WACC. To analyse these two weaknesses, a sensitivity analysis of freight rates and
WACC is assessed. The respective base foagbe freight rates 3300 NOKhour, because the

freight rate should reflect 25 years of operations where the price range will decrease over time.
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Change in price
156.6/-10% 5% 0% 5% 10% 15% 20% 25% 30% 35% 40%
-10 %| 142.0 163.8 185.5 207.3 229.0 250.8 272.5 294.3 316.0 337.8 359.6
-5%|128.5 149.6 170.7 191.8 212.9 234.0 255.1 276.2 297.3 318.4 339.5
0% |115.6 136.1 156.6 177.1 197.5 218.0 238.5 258.9 279.4 299.9 320.3
5% |103.4 123.2 143.1 163.0 182.9 202.7 222.6 242.5 262.3 282.2 3021
10%| 91.7 111.0 130.3 149.6 168.9 188.2 207.5 226.8 246.1 265.4 284.7
15%| 80.5 99.2 118.0 136.8 155.5 174.3 193.0 211.8 230.5 249.3 268.1
20%| 69.8 88.1 106.3 124.5 142.8 161.0 179.2 197.5 215.7 233.9 252.2
25%| 59.6 77.4 95.1 112.8 130.6 148.3 166.1 183.8 201.5 219.3 237.0
30%| 49.9 67.1 84.4 101.7 118.9 136.2 153.5 170.7 188.0 205.2 222.5
35%| 40.6 574 742 91.0 107.8 124.6 141.4 158.2 175.0 191.8 208.6
40%| 31.6 48.0 64.4 80.7 97.1 1135 129.9 146.2 162.6 179.0 195.3

Change in WACC

Table 7: Net Present Value Sensitiviip million NOK

The case study indicates that with a price of 3000 NOK per hour, there will not give a negative
NPV in either of these scenarios. The study indicates that a 40 % increaeeMACC, ergo a
WACC of 8,5%, will give a much lower NPVAn increase in the price level should give an
exponential increase in the NPV. An increase in price of 40 %, e@dMOK per hour, will give

a 98,3% increase in the NPV.

The financial analysis indicates thathva reasonable WACC level as assumadn@estment in
a new LFC gives a positive NPV in either case where the lgrretis above 2000 NOK per hour.
The different scenarios give an indication of where a shipowner should allocate within the price

range 6 get a positive return of its investments.

An interesting area for future academic research is to value a real option with the option to wait or
abandon a new investment. A such analysis would give a greater understandinglopatwers
are investindneavily today. The problem with a real option today, is the lack of information about

the probabilities for oveandundercapacityn the future.
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9.DI scussi on

9.1 The LFC status today

Modelling the lstorical supply and demand, oanalysis indicates that ¢hLFC market is
undergoing a changasmore capacity is brought into the market. In 2017 it is reason to believe
that the mar&t dynamics will change, when terew vessels are entering the market and the

demand for M3equivalents seems to be at a stablel going forward.

The modelling of the supply and demand shows a tendency toavardall excess capacity in the
market The utilization analysis shows that the vessels are not operating optimally, and contributes
to the argument that there will be maagacity available. However, the financial state of the ship
owning companies and the salmon producers is not contributing entie for maximal

utilization.

From a shipping cycle persgtive, the state of the markebuld be argued to be between the
recovery stageand thepeak stageThe industry has experienced an undercapacity for several
years, and in 2017 we expect a balance in the supply and defwaodding to our research, the
utilization and management of the fleet is not optimal. From a fiakperspective, the high
investment returns and profit margin indicates a movement of the industry towards the peak stage
of the shipping cycle. The experienced undercapacity in the market would according to theory
result in relatively high freight rate$he observations of a change towards a balanced market

could result in lower freight rates in the future.

It can be argued that the market is experienaipigcelag due to the long contradtsthe market.
Approximately 806 of the Norwegian LFC flees on relatively long TC contraxtThe lag could

be reflected in the experienced freight rates, when the engagement of the contracts is reflecting a
different market situation with an undercapacltyaddition, it could be argued that the freight

rates &o will reflect the increase of the value of theuranceof having excess LFC.

The increased capacity and prigethe market, magesult in several outcomes. Salmon producers
and shipowners might not experience the change as ditagiie.oversupplyeads to aollapse

in the market isincertainjt may not happen at all. The market can adjust by not investing in new
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tonnage and experience high freight rates and good markets in the years to come. As we shall
discuss, there is several factors in thieife whichwill determine the futuré FC market

9.2 PossibleRegulatory Messures

Interregional LFC operations could @esource of the spread of decease and lice from one location
or region to the next. As shown the AIS trackingthe LFCs operates at large number of
geographically spreddcations More locationwisited by one LFGreeffectively increasing the

risk of biomass loss and stresses the environmental cofitere are two ways of handling this
risk. One is technical requirements to thessads, and second is regional restrictions which

constrains the geographical area the vessels are allowed to operate.

9.2.1 Technical Regirements

There are several ways of reducing the risk, in regards to the vedseicalities From January
2016all vessés have to register valve positions of the wéRegjeringen, 2014)This data will

track and monitor the vessels positions and status, when discharging and loading the wells. The
measure is done to increase the attention daggthe danger of spreading the deceases from the

LFC operations.

Different regulatory measures have been discussed to cope wittisth{Regjeringen, 2014)n

2021 a requirement that ensures that the loaded transporiswditenfectedMost new and large

G1 vessels already have this technology. These are the vessels that are operating in the fewest
regions and are imposing a small risk of infection of biomass. Consequently, these measures will
affect the owners of thenwmller and older G3 vessels. The G3 vessels impose larger risk of

interregional spread of diseases and lice.

To rebuilt these vessels to meet the possible requirements, will be highly costly and therefore
unlikely. In consequence these vessels have agngability of being pushed out of the market.
This threat is not only frorthe regulatory measurdsut alsothe substantiatapacity entering the
marketin 2017
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9.2.2 Regional Restrictions

The risk of interregional spread of deceases and lice is increagbe bymber of regions the
LFCsoperate. From our sample of AIS tracked vessetdearly shows that an average vessel is
operating in multiple areas during a relatively short period of time.

Suggestions have been made to restrict geographieals an the Norwegian coast line
(Regjeringen, 2015 he regulatory measure builds on the principle of a traffic light. Green light
allows salmon production to grow in thespective region, yellow in no movemeatd the
consequencefoed will be to stop or reduce productidine regulation may affect the LFC market

in a negatively way when the vessels movements may be constrained and the salmon production

may be reduced.

There have been extensive research trying to map the oceantsand spread of deceases and
lice, which indicates that the vessels geographical spread in operationseth#dchuse of some
outbreaks.The small and oldG3 vessels are the ones that would feel the effects of such a
restriction, when their operatis are covering the largest geographicah aedative to the larger

ones.

9.2.3 Ownership Strucure Impact

The operational pattern of the smaller vessels, might be the effect of the shipowners are operating
in the spot market. The vessels would then have tcerbetween locations, regions and salmon
producerslif the new regulations are set in motion, the structure of the market will change towards
amore centralizeadligopoly. The larger companies are mostly operating the largestlseasd

the smaller compaes are operating the smaller onglsis will result in a few large players with

fears competition among the rivals.

An increased interest in the LFCs are observed from the salmon prodveeirse Harvest has
contracted onaewbuildandNova Sea has oeded one vesselhich will enter the market in 2017

(llaks, 2016) This may indicate that the salmon producers inrtlastry wants to gain control of

the value chain to save costs. Asldrgestobstaclsto enter the markes$ the capital, the salmon
producers pose a great threat against the market leaders. The impact of the entry of salmon
producers in the LFC ingtry will be a decrease in the contract available to the original

shipownersThe competition will increase atige need for tonnage will decrease.
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9.3 Collaboratives

To minimize the risk of bionss lossregional ceoperatives (collaborativepuld be an option. If

the supplied, or chartergttansportation and processing on the vessels in a region is substitutes,
theincentive for collaborates is present if the regional shared cost for each company is less than
the cost of operating by itself. In a cooperative the total costs are distributed among the involved
players. It would be rational for every participant tleatuces thendividual cost by entering such

a collaborative.

In a geographically bound collaborative, the respective salmon producers who charter in M3
capacity would be the players in the game. In one region, there are several independent companies

presem, who in theory could cliter M3 from the same provider.

By restricting a geographiceggion,the salmon producers would effectively also reduce the risk

of loss of biomass and through a more effective allocation of the LFC the variable costs related to
the operations would be minimize8uch a solution will not be present under the current market
conditions when therareno regulations, in terms of the areasltR€scan operate. In gegional
restrictedscenariothe incentive would be preden

9.4 Stabilzing the LFC Market

To achieve a healthy and sustainable development in the LFC market, the knowledge of previous
shipping downturns should be kept in mind. There is a common dynamic in the shipping industry
that the shipowners and financial institutes @esating overcapacity and downturns because of
overinvestments. As previdysnentiored, the survey we did is statistically weak but gives some

insight on the perception on the market conditions.

9.4.1 Market Condition Perceptions

The shipownershave a percefn of the freight rates to be relatively lowd#ran what the
perception of the salmon producers, at respectively 3.3 and 4 on a one to five scale. The salmon
producers are in general satisfied by the services provided by the shipowners. However, the

shipavners on average believes that the salmon producers are not fully utilizing the hired capacity,
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with a score of 3.3 out of five. The majority of the salmon producers experience that the capacity
available is sufficient to meet their demand.

Salmon produas are in general very optimistic about the future, whilestiipownersare more
pessimisticOn the 1th of the December, the owner of Sglvtrans AS expressed concerns about the
probability of oversupply in the LFC industfigyst.no, 2016)A concern is the fact that the salmon
producers are dictating the need for LFC which imposshiippwnerdor major investments.

9.4.2 Phasing out

In the future, there will beaed for phasingut or scrapping aome old vessel$ the technich
regulationsare initiated in 2021. Today there d@vessels without closed systeamd with asize
below 750M3. A majority of thesevessels are also owned by small, independent companies

without the financial strength to reinvest in new equipmenteatehsion of the vessel.

This will lead to a reduction of the fleet size, which will especially gain the lahgeownersTo
what extent theffect this will have on the technical overcapacity is uncertain, but it will lead to a

changeof the current suation.

9.4.3 Newbuilds

The future fleet must adapt to the changes énatjuaculture industry. Several projects, with the
intention of coping with the liceroblems, are initiated. Such projects ldgelrolicer, Termolicer,

fresh water treatment, SkaMik, wrasand The Egg. These are all trying to reduce the lice
problems in different ways. There is also an increase in service vessels that can perform treatment
on the salmon. The newest contributions to the LFC fleet are purpose built to handle delicing
processs effectively. It could be argued that tiewbuilds are too technical and expensive, when
their main purpose is to transport live salmon. This could reduce the investment costs and financial

risk for the shipowners, as well as the freight rates.

MarineHarvest have showed interest in in a new type of vessel. Slawgisiszl is a new concept
which will not only transport the grown salmon to shore but slaughter the salmon during the trip.
This would consequently increase the efficiency of the salmon gtiodwalue chain, and impose

a threat to the operations of LFCs. Thdnouse capacity can be used as a bargaining power when
negotiating the freight rates of charter contracts with external shipovwhens efficient these

vessels will be is still unceiita However it representsa willingness for change and innovation.
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A new possibity for salmon production is tlmcate the growout centersn the ocean, instead of
along the coastling®dcean farms will require new types of LFC, with bigger and morestdiull
and with dynamic position systems. The increase in size to the present fleet may be a preparation

for thesenew trends.

In the Parisagreement, the shipping industry was excluded from the emission red@EaQD
Insight,2016) The propulsion of a LFC vessel today is mostly driven by diesel oil. In the future,
there is several alternatives to the traditional fuel. LNG or hydrogen is commercial solutions
available today, but the lack of infrastructure is setting a anstior the LFC fleet. Tere is

likely that the LFC fleet will be driven by alternative energy sources, such as LNG or hybrid

solutionsin the future

9.4.4 Market Transparency

In the LFC industryttie informaion flow is limited, withfreight ratesdraded undethe tableand
limited information regarding customers and operations. Marketgeaancy can be divided into

three partspperationalfinancialand environmental transparency

Operational transparency refers to the openness regarding operation€thesfdtrm on a daily
basis. In 201@ll the LFC was regulated by Norwegian authoriteegansmit their position (AlS)
and status on the valve on board the vessel. This will automatically introduce more transparency
to other stakeholders. Regulatory dengonf AIS data coultbe used t@analyzethe market and

make a better basis for decision making.

Financial transparency refers to the openness regarding the costs and revenushifmoviners
Since the companies are nlsted, limited financial inforration is available to the public.

With an increased environmental focus both form the government but also the aquaculture
industry, the pressure increase regarding openness of the environmental effects of using a LFC.
As the LFC has reduced the use ofO they have already taken action towards a more
environmental friendly approach. The information flow regarding their actions is non present, and

may be a strategy for the shipowners.
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10.Concl usi on

The purpose of this thesis has been to investigate thegda@wLFC fleet in regards to capacity,
utilization and investments. After an introduction of the relevant dynamics of aquaculture and the

LFC industry, we start the concluding remarks of the thesis in the respective order.

An observed demand surplus imetLFC market is present from 2005 to 2016. TheddBacity
of the fleet has increased exponentially starting in 2013. The demand of LFC services, in M3
equivalents, have been relatively stable since 2011. The market seems to stabilize with the

substantiatapacity entering the market in 2017.

The LFC fleet is not efficiently operated from a theoretical view. Utilization of vessels differs in
regards to age, size and ownership. G3 cl asse

imposing a biolgical risk.

It is rational to operate and invest in the LFC market. Shipowners financial returns are high, while
the term structure of the contracts imposes little risk. The NPV of ship investments are not to a
large degree sensitive to freight rate chemg

It seems that the relative capacity change does not impose a concern for the shipowners in the short
run. The investments in vessels are secured with long term contracts with salmon producers. In the
long run, more efficient utilization, market tramspncy and more capacity in the market could
impose increased competition among the participants. This could pojeatiatige the market

structure.

We believe that there not a mismatch between the capacity, utilization and investments, in the
present meket state. However, future regulations of the industry, market and the environment may

challenge the financial incentives and create a mismatch.

There are some noteworthy limitations in our analysis. We experienced that the LFC market is a
challenging sement to analyze, due to lack of information and market transparency. Modelling
the supply and demand, we were unable to convert diseases inggui@lents due to
inconsistency of data. The supply side of the model could be biased due to limited imiormati
regarding phased out vessels. The AIS data does not cover the entire fleet, and the financial data
is standardized.
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Finally, we acknowledge that further research from academia could be perfanrtiede specific
aspects. First, the factors affectihg supply of LFC carriers. Second, further operational research
on the fleet, when labelled positional data is available in line with regulations. Third, a real option
approach on the investment decision of a new ve¥gih this paper, we hope to lay the

foundation for further analysis.
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11.Appendi $udvey Question

11.1 Appendix 1: Survey Question to Salmon Producers

Question Answer form
What do wu think about the level of LF{Zeight rates? Range (I' 5)
How satisfied are you with the services providedhglLFC Range (I 5)
companies?
Is there available capacity to yours demand? Range (I' 5)
Assesgrice at your LFC provider Range (I' 5)
Assesgapacity at your LFC provider Range (I 5)
Assesdreatment of biomassat your LFC provider Range (11 5)
Assessperation knowledgeat your LFC provider Range (I 5)
Assesdechnological servicest your LFC provider Range (I' 5)
Assesgnvironmental treatment at your LFC provider Range (I' 5)
How does the future look of the aquaculture sector? Range(171 5)

11.2 Appendix 1: Survey Question &hipowners

Question Answer form
What do you think about the level bFC freightrates? Range (T 5)
Is your fleet being optimally used by the salmon produg Range (I 5)
How does the future look of the LF@dustry? Range (T 5)
What is your biggest cost driver? Short answer
How many operations/trips have 1 vessel a month? Short answer
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12.Appe meFXF NPV

Figure 5shows an example of tHeCF calaulation with a freight rate of 0 NOK in 25 years.
This exercise is done for 5 pricasesFigure 5 only shows five years, but the calculation is

performed in 25 years.

NPV - Rate = 3000 NOK 3000

0%
3 000 1 2 3 4 5
Sales 26 280000 26280000 26280000 26280000 26280000
Cost of goods sold 10379774 10379774 10379774 10379774 10379774
Gross profit 15500226 15500226 159500226 15900226 15900226
Selling, general and admistrative - 8241097 - 8241097 - 8241097 - 8241097 - 8241097

Research and development - - - - -

Depreciation -12 000 Q00 -12 000 000 -12 000 Q00 -12 Q00 000 -12 000 000
EBIT 19659129 19659129 19659129 19659125 19659125
Income tax at 27% - 5307965 - 5307965 - 5307965 - 5307965 - 5307965
Unlevered net income 24967094 24967054 24967094 24967054 249670594
Depreciation 12 000000 12000000 12000000 12000000 12000000
FCF 36967094 36967054 36967054 36967054 369670594
PV of FCF 456 585 322 | 34730453 32629136 30654957 28800223 27057706

Scrap Value 3 151 154

NPV 156 585 322

Figure 4: FCF calculation for different price range

Figure 6shows thecalculation of the accumulat&€F. The frst matrix shows the calculated FCF
in each year, while the second matrix shows tlcecgse in the FCRB500/4500R is the freight

rate with an 1 % decrease each year.

Freigth rate o 1 2 3 4 5

2000 24 278 367 22 809 439 21 429 387 20 132 832 18914 724
2500 29504 410 27 719 288 26042 172 24 466 528 22 986 215
3000 34 730 453 32 629 136 30 654 957 28 8OO 223 27057 706
3500 39 956 496 37 538 985 35 267 742 33133 918 31129198
4000 45 182 538 42 448 834 39 B8O 528 37 467 613 35 200 689
4500 50 408 581 47 358 682 44 493 313 41 801 309 39272 180
4500R 50 408 581 46 916 796 43 663 011 40631 211 37 806 443
3500R 39 956 496 37 195 296 34 621 952 32 223 842 29 989 180
SUM

2000 24 278 367 47 087 806 68 517 193 88 650 025 107 564 749
2500 29 504 410 57 223 698 83 265 869 107 732 397 130 718 612
3000 34 730 453 67 359 589 98 014 546 126 814 769 153 872 475
3500 39 956 496 77 495 480 112 763 223 145 897 141 177 026 338
4000 45 182 538 87631 372 127 511 899 164 979 513 200 180 202
4500 50 408 581 97 767 263 142 260 576 184 061 885 223 334 065
4500R 50 408 581 97 325 377 140 988 388 181 619 599 219 426 042
3500R 39 956 496 77151791 111 773 743 143 997 585 173 986 766

Figure 5: Calculation of the accumulated FCF
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Figure 7 shws theNPV calcudation for all the price ranges and continues for 25 years.

Year
Investment cost
2000
2500
3000
3500
4000
4500
Zero
4500R
3500R

300 000 000
300 000 000
300 000 000
300 000 000
300 000 000
300 000 000

300 000 000
300 000 000

275721633
270 495 590
265 269 547
260 043 504
254 817 462
249 591 419
0
249 591 419
260 043 504

252912 194
242 776 302
232 640 411
222 504 520
212 368 628
202 232 737
0
202 674 623
222 848 209

231 482 807
216 734 131
201 985 454
187 236 777
172 488 101
157 739 424
0
159 011 612
188 226 257

211 349 975
192 267 603
173 185 231
154 102 859
135 020 487
115938 115
0
118 380 401
156 002 415

Figure 6: Development of the NPV with different price range

192 435 251
169 281 388
146 127 525
122 973 662
99 819 798
76 665 935
0
80 573 958
126 013 234
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