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EXECUTBJEMARY

EXECUTIVE S

Over the last few decades the Arctic Ocean hdhe past, present and futur@his provides a holistic
experienced a rapid reduction in both the extent aralerview of how the Arctic regimes are interlinked and
volume of sea ice. These changes, caused by the glothals creates the regulatory space, which companies operate
temperature increases, have opened up previoustthin.
inaccessible shipping lanes and made possible the
extraction of major natural reserves of fossil fuelsThe findngs of the report conclude thamajor
Following these changes in the Arctic environment, thepportunities for the maritime sector exifsthe ice cover
last decade has seen an influx of maritime activities in tlom the Arctic Ocean continues to decline. The sector of dry
segments of liquid bulk shipping, offshoring and cruisbulk and offshoring are currently the sectors with the
tourism. The Arctic is one of élast frontiers on our largest potential as the Arctic hosts and abundance of the
planetand consequently the need to shed light on marineatural resource.The resultsfrom the quantitative study
activities in and around the Arctic Ocean has arisen. Tlom the feasibility of liner shipping across the NSR indicate
aim of this study is to address and analyze some of thakat Arctic liner shipping may become economically
challenges and opportunities in the spheres of both tfeasible aroun@04Q if the ice cover continues to diminish
private and public sector. at the present rat@he possibiliy of a major expansion of
On the industry level previous and ongoing projects athe maritime activities witin the sectors of bulk,
mapped out for each of the four major maritime sectoreffshoring and liner shipping before midcentuegts upon
Thisinvolves liner shippingpulk shipping, offshoring and several crucial assumptions which are all subject to major
cruise tourism. Additionally the possibilities anduncertaintiesThese uncertainties includéhe hazardous
challenges are analyzegualitatively, with a particular environmental conditions, port and infrastructure
focus on the future prospects for each of these four sectoasailability and high costs of operation compared to the
from a combination of past literature and economic theorwouthern shipping lanes. Additionally the Arctic Ocean
As a part of the chapter on the opportunities for the lindacks an international governmental and regulative
shipping sector n the Arctic aquantitative economic frameworkin combinationwith high entry costs creates
analysis is performedhe aim of the quantitative analysisuncertainty for the maritime industry seegito operate in
is to examine the economic feasibility of transportingnd around the Arctic Ocean.
containerized goods using theotthern Sea Route (NSR)
between Northern Europe and East Asia as annaliee The calculations presented in the liner shipping
to the Suez Canal Rout¢SCR) More specifically the quantitative study are based on a calculation tool
study will aim to determine when (if ever) the investmenspecifically designed to support the conclusions of the case
in an icereinforced container ship operating along thestudy. This calculation toal available for dwnload along
NSR would be preferable to an investment in an opewith the report, allows researchers and industry
water vessel solely navigatirige SCR. professionaldo insertthe specifications ch givenvessel
along with environmental and economgarametersin
Finally this report presents @escriptive analysisfothe order to obtain information on the feasibility of
political and regulative environment is execytadth an transporting containerized m@ along the NSR.
emphasis orhow the regulatory environment is createdSpecifically, the model allows the user determine the
The aimis to facilitate how these political and regulative year when the investmentn an ice reinbrced
institutions impact the future prospects for maritimeontainership operating alonghe NSR during the
activities in the Arctic. The analysis will investigatenavigation (and the SCRat other times)will become
international cooperation and unilateral standards, focusif@yvorable comparedto an ordinay container ship solely
on how each of these scenarios aBeegional &bility. operating on the SCR.
This is performed in a theoretical framework incorporating
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This report forms part of the ambitious CBS Maritime 4. How will current and future regulativeegimes
research initiative entitled MRag e naitmg ipdustie APEIALNGe iR 6 s
Strategic Development Potentidh Global Maritime Arctic? S .
I nd u swhich veas launched witthe generous support 5. What are thel gnggrlygng intentions of thectic
of the Danish Maritime Fund. The competitiveness governmenta , odies: . .
o o . . . . . Are the Arctic governmental bodies heading
initiative targets specific maritime industries (including .
shipping,offshore ener orts, and maritime service and towards more cooperation?

p_p 9 i gy, p I 'ddn - h How will the governmental bodies impact the
equipment sulp.p lers) ?.S we -a esses tOp_'CS that cut maritime industry operating in the Arctic?
across - maitime |ndustr|es (regulation and 8. What are the opportunities for Danish maritime
competitiveness). The topics and narrower research companies and sub sups in the Arctic?
guestions addressed in the initiative weleveloped in

close dialogue between CBS Maritime and the maritimi 2 READERS GUIDE
industries in Denmark. The reportis divided into nine parts with the firstpart
containing the summary, acknowledgements and research

CBS Maritime is a Business in SocigiiS) Platform at questions. The second part introduttesshipping lanes of

Copenhagen Business School commitied 1o the bfﬁe Arctic Ocearand the maritime challenges aglivas

guestion ofhow to achieve economic and social progresﬁossibilities created by climate changes in the regh

in-the maritime .|r?dustr|es. CBS Maritime aims tothreepresents the newest research on the impact of climate
strengthen a maritimdocus at CBS and create the

) - change in the Arctic Ocean and aims to give an estimate
founda_ﬂon for CBS as a stronge_rrm_r .for the mar|t_|me on the pace at which the Arctic sea ice is melting. In part
industries, as well as for otheniversities and business

hool with , N . H four, thepossibilitiesand challenges fdiner shippingin
school with a devotion to maritime economics research. the Arctic are presentedChapter five continues in the

The_ compet|t|v_eness initiative con_1pnses .a number of Ph?ubject of liner shipping by presentiaguantitative study
projects and five shorerm mapping projects, the Iatteraiming to determine wheshipping along the Northern Sea

aiming at developing key concepts and building up a basI!?oute may become feasibleompare to the Suez Canal
industry knowledgébase for further development of CBSRoute on the Europe to Asia trade

Maritime research and teaching. Part sixanalyses the possibilitiemnd challenges for the
_ - dry and liquid bulk sector and presents current and future
This report attempts _t9 m_ap thepportumjues ar?d resource extraction activities in the Arctic of relevance to
challenges for the maritime industry in an mcreasmg%e maritime industry The seventh part analyses the
accesdile Arctic Ocean. possibilitiesand challenges for the cruise shipping sector
in the Arctic while the seventh parnjives a brief
1.1 RESEARCH QlSESTlON presentation of the opportunities for the Darnishritime
industryin an increasing accessible Arctic Ocekmadly
1. What are the major challenges to an increase the ninthand last parpresents theolitical environment of
maritime activity in the Arctic? the Arctic, mapping the relevant institutions and their
2. What are the major opportunities for the maritimeegulatory power, to understand future trajectories.
industry segments of liner shipping, bulk,
offshoring and cruise ship tourism?
3. Will the Northern Sea Route become competitive
compared tahe Suez Canal Route on the Europe
to East Asia trade?




1.3 ABBREVIATIONS

NSR:
SCR:
NWP:
TSR:
PCR:
IMO:
CCG:
NSRA:
TEU:
NM:
SAR:
IPCC:
DWT:
GCM:

Northern Sea Route

Suez Canal Route

North West Passage

Transpolar Sea Route

Panama Canal Route

International Maritime Organization
Canadian Coast Guard

Northern Sea Route Administration
Twenty Foot Equivalent

Nautical Miles

Search and Rescue

International Panel on Climate Change

Dead Weight Ton

General Circulation Model

Source: Scanpix / Iris
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MARITIMEKPANSION?

GLOBAL WARMINENHABSUP NEVG RORPHFES IN TEHERESETR
NEW RRCER FOR MABRTNNVEES. ESPEHAIRANDRTHHEBOITSE
THE NORTH WESH HASHA POTENTIAIETAS EARRITIMEU
BETWEEN THE WORODMSCECEN THRBEVINIOPED AND K
ROUTES PRESHNTHMAENGESIENR VEASELS ADNDICT
STILL POSE ATCHRAEANY THE STREBIRIESKERS.

The Arctic Ocean's s e amelting at airapid pace North America although the waters of Greenland also
leaving an ever larger section of tpelar seadce-free provide significant possibilities for the sector. The
each summerThe six years with the lowest observedNorthern Sea RouttNSR), which runsalong the Russian
summer sea ice extent have all occurred within the la&tctic coast,is currently the most well develogpeand has
decade(Smith & Stephenson, 2013And rnew forecast consequently seen the most extensiudization. The
models are continuously bringing forward expectations dorth West Passag®WP) in the Arctic Canada has seen
ice-free summers in the Atic (Flake, 2013)creating a limited development and maritime traffic. The next two
significant potential for previously impossible maritime chapters will present the opportunitiésfrastructure and
activities. The diminishing ice cover has not only allowedeography of both shipping routes along with their
for the utilization of the Arctic shipping lanes forsurrounding areas whil@he last chapter will focus on the
intercontinental transport, ub has also resulted in vast numerous challenges facing maritime operations in the
guantities of natural resources such as oil, gas and minenamote Arctic.

to be extractible. This creates opportunities for various

sectors of the maritime industrywithin: transport, 21 THE NORTHERNTEEA ROU

offshoring, servicing, emergency response, surveillance . L .
. . . L The NSR is the shipping route connectirgurope and
maritime equipmentnew build and retrofittingvessels

The vast and remote Arctic Oceantails significant Asia, north of the Eurasian landmaskne NSRhas the

challenges and hazards to companies seeking to operat@“i’tﬁenti""I toredue the distanceéoetween Europe and Asia

this environment. These challenges include first arfey UP to 40 per centompareq to the contemporary Suez
foremost the cyclical ice cover @nthe drift ice this Canal RoutdSCR) The NSR is not a specifioute but a

creates However, the lack of population centers, suitablemultitude of passageways along the Russian Arctic and
ports and the lack of developeihfrastructure for search therefore covers a vast segment of the Arctic Ocean
and rescue (SAR)poses even larger operational andKronbak & Liu, 2010) The coastal versions of the NSR
environmental risksFurther the need for ice reinforced are curently the most trafficked,running along the
vessels and specialized equipment impose significanRussian Arctic coasErom west to easthe routetraverses
investment costs needed rtwintain maritimeactivities in  the five marginal seas of the Barents Sea, the Kara Sea, the
the high Arctic Currently only a limited number of | aptev Sea, the East Siberian Sea and the Chukchi Sea
companies are operating In the regiaf which the ynij| reaching the Behring Strait between Siberia and
majority of these are preseint the Northern part of the A cka. Although the openi of the NSR has mainly been
Eurasian Iandmgs;_. » o ) connected to the shipment of goods between Europe and
Althoughaccessibility formaritime activitieshasincreagd East Asia, vast quantities of proven oil, gas and mineral
in the Arctic, the central part of the Arctic Ocean still reserves a,xre situated along the romleiscr’ea%a diverse

covered in ice throughout most of the yearThe
L ghe , _year? range of opportunities for both the offshore, bulkda
possibilities for the maritime @ustry are mainly divided o
tanker sectors. The combination of

into the twocoastalregions ofArctic: Eurasiaand arctic
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THE ARGY NEW REGIONITFME MXRA

Arctic Shlppmg Routes / \
w= NoOrth-West Passage (NWP)
w== Northern Sea Route (NSR)

=== Transpolar Sea Route (TSR) i The’
Arctic Bridge Route (ABR) o S T I

Figure 2.1: The Arctic Shipping Routes
Source:Humpert & Raspotnik (2012)

transportand resource extraction opportunities has sparke&itrait. The Kara Gate, separating Novaya Zemlya from the
an influx of maritime activities in the waters of the NSR Russian mainland, has a minimum depth of 21 meters
In 2012 a total of 46 vesselpperated alonghe route while the De Long Strait, south of Wrangel Islahds a
carrying a total cargo volume of almost 4 millimns of 20 meterrestriction The most severe draft restriction is
cargo. The number of commerciassels operating on the encountered in the SannikaStrait, between the New
routein 2013increased to 71 vesselsith close to 30 of Siberian Islands archipelago, being only 13 meters.deep
them transiting the entire routsetween Europe and the Navigating the Sannikov Strait therefolienits passing
Pacificand some of the vessels yieldi6,000 gross tons vessels @ only 100,000 DWT or 4,500Twenty-foot
or more In 2014, however, the traffic declined to 53Equivalent Units TEU) which is significantly less than a
transits and dataconcerningthe fraction of these vessels large sectia of the merchant vessels traversing the Suez
that navigatedbetween Europe and Asia are currentlyCanal (Humpert, 2014) In order to bypass the shallow
unavailablgNSRA, 2015) straits along the Russian Arctic coast it is possible to
navigate along a more northern route passing over Novaya
The coastal waters are generally shalktva depth of less Zemlya, The New Siberian Islands and Wrangel Island.
than 100 metersand the different marginal seas areWhile allowing for vessels of far greater sizes, the enor
separated by narrow stragitavhich are occasionally northern routes run periphety the Arctic Basin These
blocked by pack ice. Some of these straits also presentitesare therefore subject to more severe ice conditions
draft restrictions on vessels navigatirtbe most severe but reduce the distance between Europe and. Asian
being the Kara Gatehe Sannikov Strait and the Dehg though a vessel may aim at predetermined course of the
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Figure 2.2: Search and rescue coordination areas in the eastern section of the NSR
Source:Gosmorspassluzhk2013)

coastal or northern route,atice conditions in the Arctic cover forecastsaandfrom thisdetermines the necessity for
may force the shippers to alternate the route several timiesbreaker assistance along the planned rgiien the ice

and the length of the Northern Sea Route therefore varielassification of the vessel traversing the NSR. The NSRA

between 2,200 and 2,900 nautical mi{&streng, et al., has established requirementd the ice strengthening

2013, p. 13)The waters along the NSR betwede KKara capabilities of vessels navigation the NSR given the
Gateto Cape Dezhnevs administeredby the Russian navigation season and general ice conditions at the time.
Feder al institution “ Ad mi Toilllgstratest s allowed far & light iheereinfdroed vekselr n

Route” (NBRA) mwai nhh termsuriggesafes class ICE31t0 independently navigate the entire NSR in
navigation and protection of marinenvironment fronthe mild ice conditions during the period August to November
pollution in the water area of the Northern sea rdute1®. However, n case of medium ice conditions a
(NSRA, 2015) minimum of class polar class 6 (Arc@y required for
vessels Further, the Russian Federal Tariff Service
The NSRA manages the Russian icebreaker flegtich is recently announced an updated icebreakeifftscheme
currently the largest in the worfld and evaluatesf for foreign vessels navigating the NSR coming into effect
icebreaker escort is needeahd also administes fees by 21 April 2014.Compared to the previous system this
related toicebreaker escort service for vessels traversingew tariff scheme presents an increasmnsparency of
the NSR The NSRA provides short and long term icehe system lowering of the official price levelwhich
makes cost projedbns of navigating the NSRmore
accurate for operatarghis updated icebreaker escort tariff

! The fleetincludes seven nuclear poweradd multiple
conventional ice breakers.
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Figure 2.3: Global shipping choke points
Source: The Arctic Institute

is determined based on the following four voyagemaller settlements with a moderate levepoft facilities
specifications: include Sabettan the Yamal Peninsula, Tiksi at the Kara
Sea and Pevek located near the New Siberian Islands. The

. Total goss ton of the vessel seeking passage infrastructurefor SAR along the NSRhasexparmied in the

. The ice classification of the vessel last few yearswith two marine rescue operations
1 The season where the passage is to occur headquarters located in Murmansk and Vladivostitke

1

The areas where icebreaker assistance is neede@perations headquarters in Murmansk is based on the
federal state enterpriseRosAtomflot, while the

The base feencreases with the number of zones wherfeadquarters in Vladivostok is based on Bae Eastern

icebreaker assistance is provided but is not direct8hipping CompanyThe SAR and the oil spill response

affected by the lengths or time of the ek@d escort assets along tH§SRare managed in collaboration by with

service. This implieshat the icebreaker assistance fee wilthe headquarters by twanarine rescue adination

remain the same regardless of receiving rieaker centers and severalamne rescue sub centers. The two
assistance for 10 or 500 nautical miles within the of thﬁ]arine rescue coordinatiorcenters are located in
zone along the NSR. Additionally the tariff fee onlymurmansk and Diksarwhile the sub centers are located in
applies when actually receiving icebreaker escort, creatipggchangelsk, Tiksi, Pevek and Port Providenijawever,

the potential for ice-reinforced merchant vessels to these centers are still separated by vast distances and the
completely avoid transitfees in mild ice conditions. response time may easily be inadequate to prevent
Previously the tariff was mandatory regardless of receivingtalites in case of an emergencyAlthough the
icebreaker assistance or not, and it remains to be sggfftastructureand trafficis scarcethe Russian Federation
whether sucta mandatory fee still applieRussiahas the authorities have continuously emphasized that the NSR
most developedoasline infrastructuresn the highArctic, holds a great potential as a major international shipping

although the average distance between ports 3AR |ang initiating several programs to furth improve upon
centersmeasuresibout 2000 kilometers. By far the largesthe current infastructure and port facilitiegArctic

port in the Russian Arctic is the port of Murmansk locate@ouncil, 2009)
on the Kola Peninsula, accessible throughout the entire
year due to the Atldit thermohaline current. Other




14 2.2 THE NORTH WESIEPASSA NWP, causing the navigation season to be less stable than
The NWP is defined as the combination of shipping lanehat of the NSR.

connecting the Atlantic Ocean with the Pacific OceanShipping in the Canadiamrctic is governed by the
through the North American Arctiwaterways From east Canadian Coast Guard (CGGvhich monitors vessel

to west, the NWP passes through the Davies SBaffin movementsand providesradio services Importantly ice

Bay and through the Canadian Arctic Archipelago to thand weather informatiois providedfor vessels operating
Beaufort SeaThis then leads tthe ChukchiSea finally — along the NWP through tieORDREGS system. The CCG
opening up to thePacific Oceanthrough the Behring has divided the &nadian Arctic into various zoneshere
Strait. In addition to holding vast reserves of minerals arftgvigation is allowed depending on sufficient ice
petrochemicals the waterways of the NWP has thestrengthening capabilitiesf vessels(CCG, 2012)

potential to function both as an alternative to the Sudézompared to the Russian Arctic the areas along the NWP
Canal and the Panama @anPotentially thedistance are extremely underdevelopee especially around the
between Northwestern Europe and Asém be reducedy —waterways of the Canadian Arctic. The largest and only
up to 30 per centis well as up to 20 percent between Easvell-developed port in the Canadian Arctic is Churchill,
Coast USA and East Asia. This Archipelago is a compldfcated in Hudson Bay close to the interior of the North
geographic area consisting of 36.000 islands spanning American continent. The Hudson Bay shipping season
area of 2.1 million square kilometef&rctic Council, lasts from nd-July to the beginning of November but the
2009) In similarity to the NSRis not a specific route but a s€ason could be lengthened significantly with the use of
combination of several routedue to themultitude of icebreaker suppoffrctic Council, 2009)

different straits and waterway®verall these routes follow

a northernpath through the Parry Channel, or a Souther@ireCﬂy along the NWP lies Port Resolute, situated in the
pathpassing south of Victoria Island. The northern route igiddle of the Archiptago on the banks of Cornwalli
relatively deep allowing for navigation of large sizedsland near the Barrow Straithe GanadianArmy has
vessels These routesire Subject to severe ice comulits, recently expandedhe facilities at Resolute to enable the
even during the summeposing a navigational riskche base to serveas acommand post for SARnd disaster
southern route can be used to mitigate this risk, as tFesponseoperationCAF, 2013) The port of Resate is
Coronation Strait South of Victoria Island is bettetnsuited to accommodate vessels with a draft of more than
shieldedfrom drift ice. On the other hand, this strat 6 meters, but the Canadian Navy is currently constructing
extremely shallow and oylallows for the passing of a deep water naval facility Manisivik, near the eastern
vessels with a draft of less than 10 meters. entrance of the NWP, projected to become operational by
The ice conditions in the Canadian Arctic are general018(Sun, 2015)

more severe than those along the NSR, and the strdigyt facilities along the North American Arctic coast west
remains frozen for a longer period throughout the yea®f the passages ammually negligible The closest well
Global warmirg has caused a reduction in the ice cover ifleveloped infrastructure is the west coast of Greenland
the Canadian Arctic, the extent of summeeaice is Nuuk being the largest and mostrifgcant port The CCG
volatile and several of the straimay still experience currently maintains and icebreaker fleet of 17 vessels, six
severe ice conditions even during summer. This wa&ssigned to the Canadian North during the summer
evident in 2007 most of the NWP waterways wer&onths During the navigation season ti&CG states it
conpletely ice freewhile ice conditions in the following has anaverage response time along the NWfF10 hours,
year were far more severtn 2008several of the Straits under average ice conditioff€CG, 2013) Even though
werecovered in ice during most of the navigation seasof’e CCG icebreaker fleet hosts a significant number of
During the summer monthshé Arctic Oceancurrent Vesselsit is ageing with several of the vessels nearing
forcesmultiyear ice from the Noht Pde to drift into the retirement age. The Canadian Government has rgcentl
NWP straits. This frequently clodbke straitspresenting a announcedhe investment of $&D 720 million to replace
risk to all but the strongest icebreaking vessels operatitliie agimy icebreaker flagship CCGS Louis S. St. Laurent
along the NWP(Arctic Council, 2009) Because of the but morefunding is needed to maintain a significantly
North Pole being covered ine throughout the entire year large fleet of icebreakers in the futugarctic Council,

- and will remain so in a foreseeable futursuch flows of 2009) Lastly, further development of maritime activities

multiyear ice will continue to drift into the straits of thein the Canadian Arctic is hamperety Canadian
legislation as it provides an inadequate framework for
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transiting vesselsThis resuls in uncertainties for the minimizesthe risk of getting trapped in a sudden freeze15

maritime sectomvesting in the NWRENIRAS, 2014) during autumnin the futurean ice free September Ocean
will remove the presence of the thick multiyear ;icez
2.3 ARCTIC SHIPPINGENIHES reducingrisks even further(Arctic Council, 2009) The =
Although the opening of the Arctic Ocean has createdVdnter season ice cover is not expected to disappear ir‘éa
vast number of opportunities for the maritime industry, thoreseeable futureand navigation during the winter =
remote and hostile Arctic Oceastill presentsseveral months will therefore not be possibBummer weathien ~ ©
o

major challeges for the industry. Some of these the Arctic s generallycharacterizedy mild currents and
challenges includehazardous ice conditions, sambro Wind conditionsyetthe weather patterns change during the;
temperatures and the lack of general mariime autumn and wintewith more severe conditionsviore é
infrastructure. Further, an increase in maritime activities igevere virulent wind systemappeat and temperatures :
the Arctic may adversely affect tisensitiveenvironment often descending te50 degreescausing sea sprays to -
with oil spills being a major threat to the biodiversity ofinstantly freeze on vesse(Arctic Council, 2009) The

the Arctic Ocean. Arctic Oceanis a hazardousoperationalenvironment for
There is a general consensus amongst researchers thav@gsels and crews alikdue to shallow unmappedseas
continuing reductin in the sea ice cover volume and are&long the continental coastew Arctic temperaturerisks

will continue to diminish in the future and that an ice fre®f encountering drift ice formations artle shrouded in
Ocean during September will appear somewhere Withﬁl’ﬁrkneSS)f the ocean foclose to six months of the year.
this century. This dramatic decline in the ice coverThere isthereforea particular need foen expansion of
providesthe basis for an increase in maritime activities ighore side infrastructurtor SAR operationsas well as
the Arctic as seasonal icecover variations creates adeep vater ports providing repair and refueling services
fluctuating amount of possible navigation days anfArctic Council, 2009)At present, infrastructurier SAR

W

Source: Scanpix Iris

2 For more information regarding the future decline of icé These powerful weather systems are known as Arctic
cover seehapter 3 Lows.




16 is severely underdeveloped in large regions of the Arctlack of infrastructure, cleaning up oil spills posesnajor
Ocean and the nearest assets may ehsillocated more operational risKACIA, 2004)

than a thousand kilometers awafrom potential With the changing environmental conditions, and the
emergenciesThe combination ofslow speed of shipand challenges facing maximizinutilization of the Arctic, it is
the vast distancebetween facilities, results in a non paramount to recognize the emergence ofrelevant
sufficient coverageto reach a distressed vesseh top of legislation regulating the Arctic waterways and resources.
this there is a general the lack afugpment: aircrafts, National legislation regulates many aspects, as states
icebreakers and patrol vesselis.order to accommodate themselves create standards for operations given the local
SAR operations as well as general escort operatiom®nditions and priorities. This is an encumbrance for
through ice infested waterthe fleet of ships with a strong stakeholders in the Arctic, as they potentially operate
ice breaking classification needs to be expandeftling within several national jurisdictions, thus making
to the epansion, bth the Canadian and Russian fleet areompliance with different national standards complex. Due
aging,requiring a general renewal of the fleets to this complexity, the report seeks to providean
Technological infrastructure development is likewise alsimvestigation into the muknational govenance structures

in need of heavy investment, for understanding locah the Arctic(see part 8)These structures ammportant to
conditions and satellite communication. Given fparse understand as theseforums are potentially able to
SAR capabilities better mapping of the ocean floor wilharmonize practicesand create the best conditions for
provide safer transit of vesselseducing the risk of Arctic stakeholders. Findings by Arc Marine Shipping
groundings. To further reduce risk of ice and groundinggssessment 2009 indicate that multilaterajjovernance

it is necessary to obtain better tools for forecasting iogill provide the best regulatory framework as this allows
movement, weather conditions and ocean curreims. coordination between national entities. This coordination
providing this information, satellite communication allows for the best protection of environmental concerns,
systemsare also inadequate. This is usémf vessels because economic resources are bedtlercated (Arctic
maintaining contact with the relevant authoritaaslvice Council, 2009)

versa,but ishoweverunavailable in large parts of the highAs with the emergence of landmasses, as the ice retreats,
Arctic. As the number ofvessels operating in the Arctic these multinational organizations obtain certain broker
increasesso doeghe risk of acidents and places pressurepositions within the Arctic community. In this framework
on the limited amount of infrastructur€herefore the high the Arctic Council $ important as the dominant state level
Arctic coastal statebaveto carry out heavy investments, forum for policy development and coordination. Based on
to provide a safer operational environment for it notion of applying the best science, the forum aims to
stakeholders. create harmonized operational standards, optimal
The increase in maritime activities in tiectic Ocean conditions for the development of local populationd &m
also provides a challenge to preserve the pristine aedsure environmental protection. Focusing on the political
previously touched Arctic environmenEmissions from tensions, the United Natiorlsaw of the Seds similarly

the engines of shipping, adversely affecting thémportant being the only internationally recognized
environment, include carbon dioxide (&P Nitrogen mechanism for defining the territorial boundaries.
oxide (NQ), Sulphur Oxide (SQ and black carbon. Growing economic interest in the regions natural
Although these emissions are a product of shipping in absources,and the derivedootential for benefits tothe
the World's oceans, b I a ¢ kArctcastatbsp has intraased éngpartantebndow saturalf a ¢ e
the icecover in the Arctic Ocean reducing the amount cfubsea structuresdefine territorial boundaries The
sunlight reflected by the iceSuch areduction in the overlaying and conflicting claims between states, have led
reflection d the sun light (albedo) further increaseso sometensions in the political positionin@he disputes
melting and therefore enhances the already significawill however not present a substantial challenge for the
effects of global warming in the Arctic. Major oil pollution Arctic cooperation; as there is a high level of
also has the potential to destroy Arctic environmdiiie interdependenclgetween the states in the long run

1989 Exxon Valdez oil spill in Prince Wiams Sound

Alaska inflicted major damage to the environment with ar2.3.1  Past studies on Alipping

estimated quarter of a million bird deatf®urteen years The collapse bthe Soviet Union in 1991ed to the
after the Exxon Valdez accident, oil was still found aroundubsequent opening of the Russian Arctic to foreign
Price Williams SoundDue to the hostile climate and thetraffic. This produced amultitude of studies on the
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Project Time Span

INSROP 1993999

Research Area
The Northern Sea

Participants
Japan, Norway and |

lce Roufelhe Application
Advanced Technologies to .
of Shiflgrough Sea Ice 19971998

ARCLORAvctic Demonstratic
Exploratory Voyagebga9)< 1991999

Ship efficiency in
covered waters

ARCO#ctic Operational Pi
(2002006) 2002006

Seas

European Union, Nor=
Russia T

JANSROP-2UlE) 2002005
Canadlian Arctic Shipping A

(2002007) 2002007
AMSAArctic Maritime Shit

Assessmep 2002008

Table2.1: National and multinational reasearch projects on Arctic shipping

possibilities of commercial activities in the Arctithe and the subsequent changes in the underlying assumptions
rapid decline of the ice cover observed during the lasf papers published prior to the change of the millenfium

decadehas increased the frequency of such studgethe
probability of large scale maritime activities became more
realistic.

These studies range from academic papers, books and
commercial reports to large multilateral research programs
aiming to assess the feasibility ofaritime taffic in the
increasingly ice free Arctic Oceaithese large research
programs, listed in tabl.1, mainly explore the technical,
environmental, infrastructure and political aspects, and do
not have a focus on economic analyses and are therefore
not further reviewed in this chapter.

In recent years, the focus of papers on Arctic shipping has
changed to a micro economic foundationgofantitative
studies on the feasibility ofpecific operations The
framework behind these studies varies between liner and
bulk shipping with both the feasibility of using WP and

the NSRas alternatives to the southern shipping lanes of
the SCR andPanama Canal RouteCR).

A brief review of recent studies on the economic
feasibility of utilizing the Arctic shipping routedor
commercial transportalong with the methodology,
framework andtheir assumptions behd is presented in
table 2.2 bdow. These studiesonly include articles and
studies published within the last decadais is die to the
unanticipated pace at whiche Arctic sea ice is melting

4 For a more extensive review of recent literature on the
feasibility of Arctic shipping routes sé@sserre (2014)




ARCTI

Table 2.2: Review of economic studiem the feasibility of Arctic transport

To estimate theconomic advantags

Objective

Several

Conventional

Ship types ‘

One voyage

Navigation
Season

Analysis Results

The results indicate that the annual fuel co

The vessels examined in

WWEETGENES

of operating along the NSR durin SCR combinations of | 10,000 TEU equaling of a container Ieet may be reduced byi35 | analysis are not ice reinforce
the navigation season (SCR the rg port visits containership using| four weeks. | percent by using the NSR during the sumii and may therefore not b
of the year) by calculating the co| between North | both routes navigation season. allowed to operate in the
savings compared to all year roun Western Europe Arctic. Further the analysis
SCR shipping. andEast Asia only includes the fuel b
are examined. savings leaving out the othe
The vessel calls critical cost component;
at four ports in incurred by Arctic shipping.
both Europe and
Asia regardless
of the route
2008 | Somanathan,| To estimate the required freight ra| NWP vs.| Newi York to Unspecified All year From the simulations, they find that the roy All year around shipping
Flynn and of a transit of an iceclass ship from| the PCR | Yokohama and | Canadian Arctic round from St. Johns to Yokohama has a lov| along the NWP is highly
Szymanski St. Johns, Newfoundland and Ng St. Johns, Class 3 required feight rate relative to the PCR unlikely in the near future du
York to the port of Yokohama usir Canada to containership vs although with a small margin. The autho| to severe ice conditions.
the North West Passage compar Yokohama open water conclude that further thinning of the ice cov| The market for new York
to an ordinary vessel of the san container ship of on the North West Passage will reduce { Yokohama alone may not K
size using th®CR the same size. costs relative to the Panama Canal Route § compaible to multiport visit
thereby make transit between New York g routes.
Yokdiama via the Arctic economicall| Far too few icebeakers in the
feasible. Canadian Arctic to establish
regular transits.
2009 | Verny and To Establish the economic feasibili NSR vs Hamburg to 4000 TEU iceclass | All year They find the cost per TEU using the NSR § All year around shipping
Grigentin of regular container transporf SCRvs Shanghai (undefined  class) round TransSiberian railway to be roughly equ| along the NSR is highl
between North Europe and Asia [ Trans containership  vs. but both having significantly higher cos| unlikely in the near future.
calculating cost per TEU. Siberian 4000 TEU open compared to the SCR. As the costs of freigh| The market forHamburg to
Railway water containership| air are considerably higher than all of th| shanghai may not bg¢
vs. air as well as train and above transport routes. compatible with no multiplg
freight. airplane port visits along the routes.




Table2.2 Continued

Routes igation
analyzed Season
Kronbak To calculate and compare th Rotterdam to | 4300 TEU ice Three scenarios| Firstly, a reduction in theicebreaker fee of 5¢ T h e amount
andLiu yearly costs per TEU o SCR Yokohama class 1B analyzing 90, percent causes the NSR to be unprofitable comp{ transported per voyage m4g
transporting  containers  fron containership vs | 180 and 270 to the SCR for all fuel price and navigation di be overestimated due tg
North Western Europe to Ea 4300 TEU open days scenarios. Secondly, a reduction in the icebreaker| only one port visit per
Asia using the NSR during th water respectively of 85 percent and a bunker fuel price of 700 and { voyage.
navigation season (SCR the rg containership USD per ton cause the NS&®tiecome advantageoy
of the year) and the SCR give when the NSR is open for more than 91 days. La|
different scenarioof fuel price, if the icebreaker escort is free of charge the N
navigation days and NSR trang yields a higher profit for all bunker fuel prices and §
fee. navigation day scenarios.
2013 | Furuichi To calculate and compare thl NSRvs. | Hamburgto | 4300 TEU ice Five scenarios | Finds that an amountfdive NSR trips per year (witf The amount of
andOtsuka | costs per TEU of transportingi SCR Yokohama reinforced analyzing 105, | eight SCR trips when the NSR is closed) makeg transported per voyage may|
containers from North Wester containership vs. | 135, 165, 195 4000 TEU icestrengthened vessel advantageous t| be overestimated due to
Europe to East Asia using th 4000, 6000, 8000 | and 225 days 6000 TEU ordinary vessel for all levels of bunker f| only one port visit per
NSR and SCR given different fu and 15000 TEU respectively. price examined. Additionally, the results suggest { voyage.
price, navigation dgs and ship ordinary a price of aton of bunker fuel of 300 USD and 64 Additionally the NSR transit
sizes. container ships USD causes the NSR to be compatible to an § fee is based on old
respectively. TEU ordinary vessel. reportingods ¢
does not reflect the current
pricing scheme.
2014 | F. Lasserre | To calculate and compare thh NSR and | Rotterdam to | 4500 TEU 1AS icg 6 months Cost per TEU is lower using the NSR betwq The NSR transit fee lsased
seasonal and annual costs p| NWPvs | either classed container | shipping season| Rotterdam and Yokohama if the icebreaker tariff o n ol d repo
TEU of transporting containery SCR Yokohama or | ship vs. a similar | along both the | reduced. The NSR will not be advantageous for cg therefore does not reflect th

from North Western Europ¢o
East Asia using the SCR an
either the NWP or NSR.

Shanghai and
additionally
calling at
Malta,
Mumbai and
Singapore
when using
the SCR.

sized odinary
container ship.

NSR and NWP.

between Rotterdam and Shanghailess the load
factor is the same for both routes and the icebreg
fee is reduced considerably.

Similarly, the NWP is advantageous compared to
SCR between Rotterdam and Yokohama but
between Rotterdam and Shanghai.

current pricing scheme.
The cost comparison onl
runs for six months during
the navigation season. Th
analysis does therefore n
take the off season int
account where the ic
strengthened vedssails at a
large disadvantage.
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Table 22 Continued:

Year

Authors

Objective

Routes

Origin and

Ship types

Navigation Season

Analysis Results

WWEEUGESEES

analyzed destination
2011 | Schgyen To calculate and compar( Fertilizer: NSR| Fertilizer: Fertilizer: Single voyage They find that the cost of transporting one met
and the costs per megaton (¢ vs. SCR vs| Porsgrunn, Ice reinforced examined. ton of fertilizer are higher on the NSR compa
Brathen nitrogen fertilizer and iron| Cape of Good| Norway to Handymax carrier with to the SCR, but is advantageous to the Cap
ore transported from Nortt| Hopelron Ore: | Shekou, China 40000 mt cargo capacityf Good Hope Route. For the iron ore transpo
Western Europe to East Asi NSR vs. SCR fo| Iron Ore: Narvik, | vs. open water however, they find the cost per metric ton to
using the NSR, SCR ar| ironore Norway to Handymax carrier of the advantageous on the NSR compared to the
Cape Route Qingdao, China | same size although at a small margin.
Iron Ore:
Ice reinforced bulk
carrier with 50,000 mt
cargo capacity vs. an
open water 68,000 mt
cargo capacity Panamay
bulk carrier
2010 | Det Norske| To calculate the total costs ¢ NSR vs. SCR Rotterdam to SCR:6500 TEU First scenario: Finds that seasonal transport betwedq The data and
Veritas operating along the NSH Tokyo, Hong conventional container | All year navigation Rotterdam and Tokyo using the NSR nf method is not
(DNV) compared to the SCR in 203 Kong or ship Second scenario: become economically attractive already in 20| published.
and 2050 using projection Singapore. NSR : 5000 TEU ad 100 days in 2030, given the first scenario. In the second scena
on future ice distributions. doubleacting container | increasing to 120 dayg the NSR will not become favorable before 2(
vessel with ice breaking| in 2050. unless the fuel price reaches an extremeghh
capabilities and 6500 level.
PC4 ice classed
container vessel in
scenario one and two
respectively.

2009 | Laujainen Discussion of physical Both NSRand | N/A N/A N/A Concludes that a reducécde cover in the Arctic The paper
settings, traffic potential, NWP vs. the presents several opportunities of resour discusses the
route options and political SCR and PCR extraction and reduced transport times b topic but
issues of the Arctic Sea argues that ship owners and ship builders nj includes no
Routes face managerial problems with diminishin quantitative

route distances.

analysis.
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DECLINE

GLOBAL WARMINGINGHEA ARCTIC SERACDLY ,MHEHR
INCREASING THEAIPGUEN MARARHAE. TN THE GQREAKRE
CRYOSPHERE ERAQCOHEYLEX ENVIRFONMESHOLARGSEL
WHEN THE ARQN IAYCEHACOME |IERE EHE-FOLLKARINER
REVIERECENT LITTERATHRESOBJECERNTORPRESENT
PREDICTIONS QQBXDWARMINGRE(ILL THE ARCEIC SE

Global warming is causing the Arctic environment tdce cover is not projected to disappear during the next
change at a rapid pace. During the last few decades tentury (Arctic Council, 2009) The cold climate of the
Artic surface temperature has increased, at a rate almésttic winter will contnue and during the last years the
twice that of the rest of the worldgsulting ina thawirg of  March Arctic ice cover has only receded hyfewpercent
glaciers and a drastic reduction in both -gg= cover per decade. Although the Arctic sea ice will continue to
extend and volumeConsequentlythe average sea ice cover the Arctic Ocean during winter, the average sea ice
extent, between 1979 and 20h2s seen a reduction of 3.8cover thickness has been reduced by 1.8 metdveebe
percent per decaddPCC, 2014) The most significant 1978 and 2008 resulting in a drastic reduction in sea ice
reductionof the sea ice extend has been absed during volume(IPCC, 2013)The figures 3.1and 3.2 (next page)

the September month witthé 2012 Septembersea ice illustrates the Arctic ice cover during March and
cover fiowing a reduction of 49 percent relative to theSeptember for the years 1987 and 20f&spectively.
1979 — 2000averageextend of 7 million square kilometers While the March sea ice cover is almost identical during
(Overland & Wang, 2013)Between 1979 and 2001, thethe 25 year span, the figures show the dramatic difference
September sea ice cover saw a reduction of 6.5 percent pethe September sea ice cover during the same period. The
decadeln 2005 this reductioincreagdto 8.5 percent per September 2012 sea ice extent clearly shows the
decadewith a rise t010.2 percent by 2007 and a furtherpossibility ofunhindered passage atpthe NSRandeven
increased a 12 percertty 2011 (Maslowski, et al., 2012) the generally ice filled straits along the NWPare
These observations have led to the consensus atfat accessible. At present the Arctic Ocean ishowever
accelerating decline of ice cover on the Arctic Ocean wittovered in ice throughout most of the yeBor Arctic
continue in the near futuf@PCC, 2014) While there is a shipping to become a serious contenadmmparedo the
general agreement that these climathanges, andhe well-established shipping lanesn additional reduction in
subsequent increasing decline in the Arctic ice cover, iBe Arctic ice cover is needed. With the current level of
caused by anthropogerfiorcing such as greenhouse gashuman caused greenhouse gas emissions, a continuous
emissions to the atmospherether factors may also warming of the Arctic is inevitabjebut the resulting
contribute to these changes. As a consequence of teenperature increasesicirate of declinng ice cover is
reduced ¢e cover on the Arctic Ocean, dncreased subject to debate. Several studies and projections of the
amount of the solar radiation is absorbed into the oceéuture extend of the sea ice cover has been published with
due to the considerable darker surface of the ocean, knotile most extensive being recently published fifth
as the posive feedback phenomendivalsh, 2013) This Assessment report, by the International Panel on Géimat
increased absorption of the solar radiation, during th@éhanggIPCC).

summer seasorfurther raises the surface temperatafe

the ocean contributing to the sdippearance of the ice

cover. As the sumrmer sea ice cover, in the last few

decades, has been rapidly receding north, the winter sea
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Figure 3.1: September sea ice concentration in 1987 and 2012

Leftand right hand side image illustrates sea ice concentration in September 1987 and 2012 respectively. Dar
indicate greater sea ice concentration.

CourtesyUniversity of lllinoisi The Cryosphere Today
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Figure 3.2: March sea ice concentration in 1987 and 2012.

Left and right hand side image illustrates sea ice concentration in March 1987 and 2012 respectively. Dark
indicate greater sea ice concentration.

Courtesy otJniversity of Illinoisi The Cryosphere Today
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24 This fifth IPCCreport(AR5) provides the largest scientific for beingfar too conservative in their estimations of
study of the impacts ofjlobal warming comprising of reduction in the Arctic sea ice cover and voluiwéang &

ARCTIC SHIRRIMGIERCIAL OPESRNINCH/

contributions from hundreds of thavorld sleading
scientists on the topic According to the AR5 the
temperatures in the Arctic may increase by up to 1
degrees Celsius at the end of the century relatively to t

h

Overland, 2009) (Arctic Council, 2009) (Maslowski, e
al., 2012) For example, the observed dea exten
reached a record low of.3 million knf in Septembe
2(%07, a scenariavhich was not expected toreappea
(?uring the next 30 yearaccording tolPCC estimate

of the 19862005 level if human greenhouse gas emissiorwvang & Overland, 2009)By updating the IPCC mod

continue to increasdPCC, 2014) The authors therefore

concludethat the Arctic Sea ice covés very likely to

with thesenew observations, Wang and Overland (2!
approximates the time it takes to reach a Septembel

continue todiminishin the course of the Blcentury as e Arctic Ocearand finds thatsuch a scenario may
the globalsurface temperatures rise. TARS projects a eachedalready by September 2037 with the first que
reduction between 8 and 34 percent in the February seajgng in 2028. Additionally the global climate moc
extend in 2081- 2100 compred to the 1986- 2005 estimate the majority of the Marcbea ice to have
average and between 4394 percent reduction in the thickness of 2.5 meters when tBeptember ices exte
September sea ice cover in the same period correspondivas 4.6 millionkm?, which is reduced to only 1.2 met
to a near ice free Ocean approximately midcentury givenvéhen the September is ice free. It is important to not
high emission scenaridsigure 3.3 illustratethe February since a completely ice free Ocean is not achievable \
and September sea ice extend projections from a samplifige next few decades, due to ice formations betwee
of global climate modeldor medium and high emission northern part of Greenland and the Canadian Archipe

scenariosrespectively

September

February

Figure 3.3: Projected Arctic sea ice ancentration ir
20862100

The top figures show a sea ice concentration giv
medium future emission scenario (RCP 4.5) while
bottom two figures show the same for the high emi
scenario (RCP 8.5). Light colors indicate a higher se:
concentration.

Source: IPCC (2013 figure 12.29 pp. 1089

Climate projections by the IPCC are performed usi
compilation of various global circulation models critici

Most sourceshereforedefine an ice free Arctic Ocean
an icecover of less than one million Kgrwhich will still
leave the far majority of th®cean navigabléOverland &
Wang, 2013)(Wang & Overland, 2009)Regardless,
almost icefree ocean just once a year will hgwefounc
implications for Arctic shipping. The disappearance o
hazardous multiyear ice and subsequent prevalence o
first year ice will make navigation in the Arctic easier
vessels with only moderate icebreaking capabil
reduce the need for icebreaker escort and the
lengthen the navigation overall vigation seasa
Maslowskj et al., (2012) argues that the modell
evolution of Arctic Sea ice volume is strongly correl;
with the observed changes in the ice thickness after
and estimatesraannual reduction of the volume of ses
of -1,120 kni, which will result in an ice free Septem
ocean as soon as 2016 although associated with &
uncertainty (standard deviation of 2.235%min a recer
study,Smith and Stephenson (2013ewpdatedce cover
climate and navigation models to siratd the optim:
sailing routes for merchant vessels in the Arctic O
during the years from 2040 to 2059. They conclude th
midcentury the ice volume has been dramatically rec
such that ice reinforced vessels of polar class six w
able to naigate directly over the North pole using
Transpolar Sea Routduring September, while ording
open water vessels, without icebreaker assistance, v
able to navigate the NSR and NWP as w8ke figur
3.4). As mentioned earlier the benefits of using
transpolar seaway, if the ice cover disappears,
significant, reducing the sailing distance through the A
Ocean and staying out of the currently defined Ru
exclusive economic zon&lthough sclolars disagree ¢




the pace at which the ice cowdisappears and large sc
maritime traffic in the Arctic may become feasible, al
the above mentioned research papers and reports agi
global warmingis causing the ice cover to disappear ¢
alarming rate. It is therefore not a question of if the
cover will disappear but how soon the world
experience an ice free Arctic Oceamreating th
possibilities for a continued increase in maritime activ
north of the Arctic Circle.

Figure 3.4: Projected Arctic shipping lanes from 2040 to 2059

Red and blue lines indicate the fastest route possible for a vessel of polar class 6 and ordinary open wa
respectively.

Source: Smith and Stephenson (2013).
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4 INER SHIPPINE MRCTH
APOSSIBLE FJTURE

USING ARCTIGGSRIIRFTES AS MHERRNATHE SUERCLAN
RESULT IN MAAOIRDIIND COX. SEAVERAL FACHORS A5
NAVIGATION SHAS®MNDBDEN CHANGE3OE CONDIHIBNES
MAINTENANCE GEHEMRD INGIMBAIDY CARGAANEEIVAER
MAINLY FOCUINERCIHIPPINGSTHEH PTIES ANENGHA PR
IN THIS CHAPEERM™MRROVIDENSSHAUSE FOK'BHEBOR.

ARCTIC SHIRRIMGIERCIAL OPESRNINCH/

The Liner shipping industry is the largest segment of tHErans PolarRoute (TSR)°. Both the NSR and NWHRre
global shippng industry contributing an estimated 436.&onsidered as potential alternatives to the SCR reducing
billion USD to the world economy and providing anthe voyage distance between Northwestermope and
estimated 13.5 million jobs worldwid@VSC, 2015) The East Asia by up to 40 percent and 30 pero&spectively.
dramatic increases in the price of oilerthe last decade Additionally the NWP also has the potential to save up to
hasled tothe liner shipping industry increasingly seeking20 percent of the distance compared toREHR for routes
new ways of reducing fuel consumptiofihis includes transporting goods betwe&astern USA to East Asi
methods likeutilizing the economics of scale by acquiringThe NSRis mainly a viable alternative to the SCRoate
ever larger vessels, slow steaming improve fuel with tremendoussolumes ofcontainerized goodsAlong
consumptionor improved hull designs. The rapitkecline the SCR one can obsertehat t he majority
of the Arctic Ocean ice cover has increasingly created thergest containerships are operating. In 2013, the amount
opportunity of using the Arctic Ocean as transport corriddhe total containerized seaborne trade between Northern
between the North Atlantic and East Asia. These passadgasope and Asia amounted t&.T million TEU (WSC,
reduce the distances by a significant amount compared2015) Table4.1 (next pagey(hows the potential distance
the contemporgr shipping routes potentially lowering savingsreveaing the massive savings achievable by using
both fuel consumption and voyage time. the NSR compared tthe SCR This is especiallywhen
covering the areas in the north Eastern part of China,
This chapter aims tmform the readeof the opportunities South Korea and Japatbmay even be viable for tfedSR
and challenges faced by the international liner shippirtg cover the large ports of the southern Chimgh close to
industry in Arctic operations.Liner traffic in both the a 14 percent reduction in the distance between North
NWP and theNSR will be investigatedthe first section Western Europe and Hong Karngowever using the NSR
facilitating the opportunities and challengeehe second for Singapore isnot a viable option, as the rouie 17
partaims to givea quantitative case study on the feasibilitypercent longerthan the SCR Solely measuring from
of utilizing the Northern Sea Route as an alternative to thiistance this implies a brealen point between the SCR

Suez Canal Route and NSR, located somewhere along the southern coast of
Vietnam The economic breakeven pouftthe alternatives
41 TRANSRCTIC OPPORTUNITIES may however be locatedat significantly higher latitude
The liner shipping industry mainly transports generadiepending on the costs of the NSR transit
cargo between ports | ocat5e_|_(|1; mear tme world’s O,fu'l ati
e TSRis the most direct route through the Arctic

centers. The opportunities and challenges of Arctic IIn‘%Scean thusallowing for further distance and fuel savings

shipping presented in this studyre therefore mainly (geeHumpert andRaspotnik,(2012). The ice conditions

concerred withtransArctic shipping. The Arctic routesf  around the North Pole wijllhowever,not allow regular

importance to the sectare the NSR the NWRnd the transport ina foreseeabl&itureand the rest of this chapter
is therefore only concerned with the NSR and NWP.




North Western Ei

................................................................... Singapore 8343 973 . 71664

Table4.1: Distance saving®f theNSR as an alternative to the SCR between North Western Europeleiah ports
Source: Own calculations using Google maps anddstances.org

LINER SHIPPIEGRURE POSSIBLE H

Table4.2: Distance saving®f the NWP as an alternative to the SCR between North Western Europefaiah ports
Source: Own calculations using Google maps andd@&ances.org

This implies that containerships servicing thdorth NSR for Europeto Asia transits the NWP still haghe
Western Europe (NWEUptEast Asia route may be ablepotentialto reduce the travel distances to several of the
to cover a large fraction of the major ports located ifarge East Aian ports compared to the SCR.
Chinaif the additional costs dfansiting the Ardt Ocean
are relatively modest. Travel along theNWP does not only form an alternative to
the SCRon the Europe to East Asia traddavigating he
In additionto the NSR the NWP is alsowell suited to NWP may also lower the voyage distance onghst coast
serve as a seasonal alternativetfierEurope to Asia trade. USA to East Asidrade by functioning as an alternative to
Table 4.2 shows the potential distance savings ofthe PCR.In 2013, the containerized trade between North
transporting goods between North Western Europe awdnerica and East Asia amountedover 23 million TEU
East Asia using the NWP as an alternative to thehis is almost double thaof the trade between Northern
contemporarySCR It capturesthat in similarity with the Europeand East Asia in the same year althoagharge
NSR, the NWP has he largest potential for the fractionof the cargas shipped from the North American
Northwestern Exope to East Asia route for the ports west coastind therefore not relevant in the context of the
located in Japan, South Korea and the northern part NIWP (WSC, 2015) Table 4.3 (next page]llustrates the
China Respectivelythere isclose to 31 and 25 percentdistance reductions achieved by using the NWP compared
saving in distance to the psrf Tokyo and BusanThe to the PCR for the New York New Jersey- Baltimore
worl d’ s | ar ge sathieypoalistarceoshvedS hreantayBast Asian portShe distance savings achieved by
above 18 percenfThese avings diminishes to less th& navigating the NWP as an alternative to the PCR are close
percent for the port of Hong Konthusthe SCR remains to 20 percent for most of the large ports located in North
significantly more competitive for the ports located in th&astern Asia.
South China Sea. Although not being as competitive as the
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Table4.3: Distance saving®f the NWP as an alternative to tHeCR betweerEast Coast USAnd Asian ports
Source: Own calculations usirgoogle maps and Seistances.org

The distance savings are therefore not as dramatic as thaggarent along the NWRvhere the ice conditions &a
observed on the Europe to Asia tradet interestingly, the dramatically with some yeardeingimpossible to traverse
NWP remains a viable option feeducing the total voyage €ven at the height of the navigation season.

distance to majoSouth Asianports relative to the PCR. Most liner shipping companies operate according to a strict
For ports such as Singaporfer example there isclose to time scheduling, with the potential for large compensations
a 15 percent reductioin distancewhen using the NWP to the shippers in casé late deliveries of the cargbixed
versus using the PCR time scheduling igasier tanaintainfor open wateroutes
From the above tatsdt is clear that utilizing the Arctic along established shipping lanesiue to fewer fixed
routes between the coagtstates of the North Atlantic and transportnaturalhindrancesThe hostile natural conditions
East Asia, allows for dramatic savings in distancegf the Arctic present challenges for thigs a fixed
compared to the established international shipping lane&ghedule may be impossible to follow. The highly volatile
The dramatic reduction in distandeetween Wesrn ice and weather conditions may caasgeries of delays fo
Europe and East Astaasnot only the potential tonprove  transiting vesssl This can range fronbeing temporarily

fuel savings butmay also allow better asset utilization.stuck in the ice or neatj the assistance of an icebreaker
This can beachievedby increasing the amount of voyagesto crossa particular challenging section of the route.
possible for a vessel each year, theaxling to arincrease Although the NSRA assigns icebreakers along the NSR to
in revenue durig seasonsf high market demand. assist vesselshrough ice infested waters transiting
The feasibility of utilizing Arctic shipping lanés not only ~ vessel may have to waiseveral hours or daysor
determined byvoyage distange Other than the factors assistance in passage. This is due to icekreakot
discussed in thpreviouschapteralsotime scheduling and assisting individual vessels but preferable whole convoys.
accessibility of the routesare highly imporant for Thus not only the environmentabnditions of the Arctic
containerized goodsThe opportunities for liner shipping posea challenge, but also the actual assistance operations
in the Arctic are therefore critically dependent on théestrict vessel mobility compared to the SCGHnally, the
future level of ice cover in the Arctic Ocean. seasonal chames of the Arctic navigation season may
Sea ice will continue to be an integrated part of the Arctigomplicate the stable time and route scheduling on which
Ocean for decades to cenand the shipping lanes will be shippers of general goods re@ommon to all sectors of
covered in ice throughout most of thear (see sectio®). maritime industry operating in remote Arctic waters are
Only for a limited season each year are these shippitite serious safety concerns of the crew, cangw vessel.
lanes sufficiently ice freePresently, the annual amount ofParts of the Arctic shipping lanes are poorly charg&aR
navigationaldaysfor the Northern Sea Route is limited toinfrastructure is severely lacking and moving drift ice may
a few months and the volatile nature of drift ice in thélamage and in extreme cases cause the vessel to become
Canadian Arctic results in an even shorter season. Sugfhck in the moving ice for several days.
instabilities in the navigation seasoare especially
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. Large ports in China,
South Korea, and Japan

@ Size of port
mmm Route via NSR . .
mmm Route via Suez Canal "% The Arctic Institute

Source: World Shipping Council Center for Cecumpolar Secixtty Studies

Figure 4.1: Major container ports in East Asia that are within reach of the Arctic Routes
Source: The Arcticristitute

This is especially apparent along the NWP where driftio@or | d’ s 50 | ar g e(€dntainarizatioh ai n e r
enters the narrow straits and where developddternational, 2013) For example, it will not be
infrastructure andSAR facilities are underdeveloped. Ineconomically feasible for a vessel arriving through the
order to secure safe navigation in the ice infested ArctBehring Strait, to call at Singapore,ohy Kong and
waters, several modification® the vesselare required Shenzhen, as these ports are situated too far to the south.
such as installments to prevent icing and a sufficient iCehus for a vessel on an eastbound voyage and designated
strengthened hullThe requirement of an ice reinforcedto call at these ports, the SCR would be the rational choice.
hull has major implications for the feasibility of liner However, sveralsignificant portswith high growth ates
shipping operations in the Arctidue to the increasl are sitated on Mrthern latitudes favorable for
building costs of the vesseland increagd fuel containerships arriving in the Pacific from the NSR. These
consumption due to hull modificatior{&ronbak & Liu, include Shamhai, Busan, Ningbo and Qingdao, which are
2010) This impliesthata sufficient amount obperational all amongst the ten largest ports in the world measured in
days must be spenth ice filled watersin order to annual container handling (Ibid.).

compensate fothe fuel consumption disadvantage whenOn the East Coast USA to East Asia trade, the PCR does
operating in open waters. Additionallthe operator must not hold a significant advantage compared to the NWP
ensure that the vessel can be relocated to alternativeen measuring the number of major container pibis
markets during the winter in order tilize vessels when the vessa passalong the voyage. @y the ports of

the Ardic routes become inaccessilfMiRAS, 2014) Balboa, Panama and Savannah are among&Qthargest
Another major barrier is the lack gfopulation centers container ports located along tHRCR between North
around the Arctic Ocear.he shipping lanes in the Arctic Eastern USA and East Asiand the NWP can therefore be
are lacking major ports along the route. The current largeen as a viable option for trapacific voyageswhen

liner shipping routes between the Atlantioastal states taking into accounthe possibilities of cargo transfens

and Asia passes regions with large population centers dadye ports along the route

frequently stops at ports along the route to exchange .cargo

This resuls in a vessel navigating the SCR being able tet.1.1 The NSR and China

utilize their assets better by offering several transitss In 2013 the Chinese 19,000 ton mufiurpose
increasing the revenue of the liner shipping fi@f.the cont ai ner s hi“pbecaméathe girsv8sketim g
worl d’s 50 |l argest cont ai higory t@toansit the NRRacaryingendaindsizedcdrgpe a nn
handling of containers, only 11 tfiese ardocated in the (BO, 2013) The progct was initiatedy the Chinese state
vicinity of the entrances to the NSRConversely, a owned enterprise COSCénddeparted from Dalian o8
containership operating algrthe SCR will pass 24 of the August and, after visiting Shanghai and Busan, continued




30 on to navigate the Northern Sea Route T h e  “ Y o ngpver8rheeatnffgidls are planning on further developments
successfullyenteed the European port of Rotterdaonm along the contemporary southern trade routes and

the 11" of September, using only 35 days to complete thelternativesSuch developmentguestionthe commitment
voyage.Chinese interests in the region have increased by Chinato future shipping in the ®ar regionas Chinese

the | ast year s, wi t h t he trdfic iom thes BSRin@ae ber redadec o level Xstelgy L ong
becoming the first Chinese vessels to complete a voyargflecting the import of resources extracted frorthe

over the NSR in 201High dependence on foreign tradeRussian ArctiqHumpert, 2013)

has caused China to seek a diversification of trading rou
to Europein case ofhigh political instability along
established shipping lane¥his was &emplified by the
sister ship othe® Yong Sheng” beiesg
in the Gulf of Aden whi |l e the “Yon
transiting the Northern Sea Rof€eT, 2013)
In response to the rapid melting of the ice cover in th
Russian Arctic the Polr Research Institute of Chinalg
Maritime Transport has stated that the NSR viill the
future play a major role in Chinese tradi is suggested
that between5 and 15 percent of Chinas trade value
(approximately $bn. 500) could pass through the Arc“%ource: Scanpix / Iris
already by 2020(Guardan, 2014) The recent gas and

trade deal signed between China and Russia further . .
strengthens Chinese commitments to developing the. NS 1.2 Uncertain Horizons

The agreementoveredan extended cooperatiobetween Q'rcttlc liner ;Tpplmghflds ‘?’reatt pofntlaloftferlng ht’_ge
Russia and China, todevelop Russian transport Istance and fuet cost savings to saiphers fransporting

. . . containerized goods between the Atlantic coastal states
infrastructure This was agreed for the Chinese to ensure ) o ) )
L . and East AsiaA further reduction in the sea ice extend is,

passage over the NSR, by partaking in the establlshmentho ired for th tes to be viabl ,
. wever, requir r r Vi major

the needed infrastructu(€D, 2014) owever, Tequired for these routes fo be viable as majo

Although such statements imply a strong Chinese ixslltereIIner shipping corndors with the NSR currgnt!y holding a
. . . . N far greatempotential than that of the NWHhis is caused
in the Arctic region, several projects initiatey the

. he mor van i nditions along the Russian
Chinese governmentasts doubt on the future level ofbyt e more advantageoie conditions along the Russia

. . Arctic coast compared to the waterways of the Canadian
commitment to developing the NSKor example, the : ' P waterway !

. . . . . Arctic. The NSRalso has arelatively well developed
Chinese government continues to invest in major

. - . infrastructure for search and rescadong with a welt
expansionsof logistics and port infrastructure along the i i . )
established icebreaker escort serviBeth these services

SCR Similarly, a majority of Chinese imports of raw )
L . . . are severely lacking along the WP. Common to both
materials is projected to come from suppliers locatatie : ) o .
. . routesis that the Arctic navigation season is currently too
Southern hemisphere, and Chinese exports may : o ) .
. . . short and ice conditionsre too unpredictable for liner
increasingly target norEuropean countriegHumpert, Shibping tobe feasibleArctic liner shioind thereforent
2013) Additionally, the Chinese premier Xi Jimgj Ipp_' 9 ) ! _I : 'PPINg .y.
mainsa viable alternative to the contemporary shipping

. T
recently announced plans to develop an mternanon:ﬁ

rail way, energy a n dSilk |Roagl i Igntesl |1‘(:g°10bal H/Vﬁrgung f:ocr)mrnues fo melt the iaever

Economic Belt, seeking toestablish new trade and along the NWP and the NSR the next chapter this this

transport links between China and EurdpéSJ, 2014a) report will aim to quantify when #hice conditions will

In December 2014 a Chinese cargo train arrived in Madr%IOW for liner shipping along the NS become a viable

after completing a 13 thousand miles journey, departin'fjlgltemanve to the SCR.

from Yuwi in eastern China only 21 days prior the arriving

in the Spanish CapitgCNN, 2014) The voyage laste€

days |l ess than the 27 days spent by the “Yong Sheng”
Suchinfrastructure projects could severely challenge the

prospects and development of shipping along the NSR

(Bennet, 2014) The above indicate that Chinese
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5FROM THEORY CATAERI
QUANTITATIVE (ROR. DK
NORTHERN SEA ROUTE

GIEN TBESADVANTAGEODIISNENTONED INVTEOBIPRECT |
HIGHLY UNLIKEARGHACALE REZEDAIMRGO TRAMEBPA
IN A FORESEBABHEOWVHVHE, QUESTIONSHEMWAEN, H-
ICE CONDIMINSLLOW FOR CONANIDUEC®NOMIEAEL
CONTAINER TRANSBY@®RHE NSR?

FROM THEORYCROIARBAN ITATIVE GORLOMEKNORTREE

5.1 ANALYSIS FRAMEWORK

The aim of this case study is to examine the econom® determining not onlywhat conditions are required for
feasibility of transporting containerized goods using theavigation along the NSRo become advantageous, but
NSR between Northern Europe and East Asia as aisowhensuch a scenario might occuBuch a critical
alternative to the contemporayCR. More specifically point where the expected return on the investment in an ice
this study will aim to determine when (if ever) thereinforced vessel surpassesitttof an ordinary vessel is
investmenin an ice reinforced containerstipr operation jnyestigated under two Arctic warming scenarios and three
along the NSFbecomes favorable to apenwatervessel | price scenarios. Such a scenario with a gradual increase

solely navigating the SCR In this study the vessel j, the apnual amount of navigation days contrasts the
operating on ta NSR has a capacity of 8000 TEU and iy ework of recent studies on thefeasibility of

compared to three open vyater conta.mershlps O_peratmgt?gnq)orting goods through the NSRvhere different
the Suez Canal Route with a container capacity of 8000 . . . .
. . scenarios are set ugsing static levels of fuel prices and
TEU, 10000 TEU and 15000 TEWespectively.The ice - .
. . _ avigation days (Kronbak & Liu, 2010 Verny &
reinforced vessel is assumed to operate along the NS in. 2009FurLichi & Otsuka. 2013
during the navigation season and the SCR when ice bloc%Igen n, PFuruichi suka, )

entrance to the Arctic waters. The vessels examined in this study are of different

I . . . . contain@ capacity and solely comparing the costs is
The feasibility of investing in an ice reinforced vessel fo{herefore not sufficient to estimate the feasibility of the

operation along the NSR is determmed by corr_1panng tQ/%ssel relative to that of another. Further, it is reasonable
total costs of the two types of ships. Thesstganclude

. - _ to assume that the large amount of ports located in
the capital costs of acquiring the vessel along with the . . ; .
. . . southern Asia, will result in an ineased amount of cargo
fixed and variable costs encountered by operating then S

. . .. . when the vessels are navigating the SCR. In order to take
vessel until terminatedThe analysis is calculated in .

. . ) . . into account this difference in the container capacity and
discrete timewith yearly intervals, such thaachperiod .
. . L. load factor, the total costs for each vessels is therefore
denoting a year fim 2016until the vessel is either resold

divided by the total amount of TEU transported. This
or scrapped. Thus peridlequals the yea?016 such that y . . P .
. . allows for a common denominator without timpossible
=1 for 2017 t = 2 for 2018while the last operational year of

th lis denoted lina2016 + task of projecting and incorporating the extremely volatile
€ vessel1s denoted as yeaqualing n freight rae decades into the futura order to exclude the

freight rate from the calculationsthe freight rate is
- Assumption I: Variables changing value through timeassumed to béndependent orthe route used. Product
use the denotatiot such that t = 0 is year 2016, t = 1 isdjfferentiation opportunitiesare therefore excluded from
2017and0 £ isyear 2016+ n the studysuch as freight rate premiums for faster delivery
rates using the shorter Arctic routdis order to determine
This allowsfor gradual alterations in trennualnavigation  not only if the costs per TEU for the ice reinfadceessel
days and fuel price variables, thus creating the possibilityare lower, but also when this scenario may occur, the value




32 of the total costs per TEWbr the investment in an ice maintenanc® This leaves the cost components such as
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reinforced vessel is compared to that of tigen water capital costs, all the voyage costargo handling costs as
vesset. This creates a feasibility ratio as a function of thevell as the repairs and the following fixed costs of
investmentyear and the consecutive number of operationahaintenance, insurance costs and crew salary. Several of
years presented in equation 1.The ratio takes into these cost components diverge in value for ice reinforced
account the differences in both container deliveries angssels compared to normal open water vesadlieh will

cost components of both types of vessel under thmefurther elaborated later in the analysis. While these cost
assumption of a similar investment year anchtlan. components may be subject to nominal price increases due
to inflation, all cost included in this analysis are measured
in constant 2014 USD and all price changes are therefore
Y — PP measured in real terms.

- Assumption II; All prices are measured in 2014
USD such that price changes indicate real price
changes and not changes caused by inflation.

Y Y OOEQR £ orEdh ®IYO QL WE U Qi &dEE O
YOTY'YE OW@WS | EEEN Qi ¢ odE @0 Qi | Qa
Y& TYE OG¥aT DO T EEDIQN Qi G oA iEAEH™ML Qi | Qa
. . This analysis is divideéhto 3 parts.The firstpart outlies
In an attempt to illustrate the complexity of the cost - . . i
and quantifies the differergnvironmental constrais as

s’Fructurg gnd enV|ronmer.1t(.';\I constrglnts behlnq SUChV\%II as the cost componerfthapter6.1). The second part
pioneeringinvestment decisigna multitude of variables

_ ) _ combines these constraints and variables to form the
needs to be included and consequemtestigatedn the 1\ thematical frameworkneeded to facilitate the analysis

analysis. In the following section, the routes and scenarigg tnhe economic feasibility of operating along the NSR
are further examined and explainddhisincludes studying (chapter &). The thid and last part presents the results
the pace at which the Arctic s is recedingwhich can achieved from the mathematical model presented in part
be translated into the annual amount of navigation daygo. It will also provide aonclusion to the opportunities
possible along the NSR. Additionally, the section willand challenges of Arctic liner shippiichapter 6.3

describe and quantify the various costs encountered when

operating avessel The five major cost components ofg 1 1 Theoretical Framework

run_nm_g a _Sh'p are divided into the opergtlng COSt3y order to take intaccount the time value of the future
periodic maintenance, voyage costs, cargodiing costs costs the discounted cash flow method is seléctey

and capital costs, described as folldwsStopford (2008) using this methodcost components located in future time

. i Iﬁ)erlods are discountet their present valuen order to
1 Operating costs consists of crew costs, stores and . .
i . . : compensate for both inflaticend the real ratef return of
lubricants, repairs and mainter, insurance _ ) ) _
investments. This makes it possiblgéo evaluate and
and general costs.

Y Periodic maintenance consistisdry-docking of compare the feasibility aflternativeinvestment decisions.

the ship every two years and a special survey
every four years in order to verify the sea
worthiness of the vessel.

Thediscounted cash flomethod is used for evaluating an
investment running over several future periods, where
i , these future vales are discounted for the opportunity costs
T Voyage costonsists of the price for bunker fuel, of initiating the investment. The NPV of an investmint

oil, port dues and canal dues. set torun over duration ofi years with year zeroas the

T Cargo handling costs consists of the loading and, ,int of investmenfillustrated inequationt.2 below
discharging of containers when visiting a port.

9 Capital costs the repayment of the debt incurred .o
: ; : . 00
from financing the purchase of the ship as well 08 - oy
as the interest payments of the tleb pt

Due to the scope of this analysis, somk the less

. L . . ,6 :
significant operating costs are excluded. These consist ofhe exclusion of these cost components may not alter the

stores, lubricants, crew supplies and dry dockin utcome of the analysis significantly as they all take
oderate values and are present on voyages along both the

NSR and SCR.
" This method is also known as the net present value
method.
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I 0QDINNA I QwiQwo @E ¢ . . . .
5 Ve dlsBhi BEb O i In this section, the route used to transport containerized
& OE D O SBODEDOCOR GBI goods between North Western Europe and north Eastesn
Asia is specified. The SCR departs eastbound fro%
The annual depreciation rate consists of a nominaNorthwestern Europe and into the Mediterranean Sea, the
depreciation rate, as well as a fixed depreciation rat8uez Canal, the Red Sea, crossing the Indian Ocean befgre
Because of inflation, the value of 100 US dollars in onerossing into the Pacific Ocean through the Strait of
year is rarely worth the same as 100 US dollars in tHdalacca. The NSRis affirmed asconsiging of several é
present Thereforethe annual nominal depretian rate is routes around the numerous islands and ice formations
equalto the annual rate of inflatiénThe real depreciation found in the Russian ArctidVhether the vessel traverses
rate, meaning discounted for inflation, equals th#&e numerous islands in a north or southbound directi%
opportunity cost of initiating the investment, which istherefore significantly changes the voyage distance a|0'§9
denoted by . The opportunity cost is defined as the rate dhe Russian Attic Coast.A majority of previous studies &
return vyielddd by investing the capital alternatively.on the economic feasibility of transporting containerized®
Denoting the yearly depreciation rate las “ 1 and goods using the Northern Sea route have all examineﬁa

inserting into equation.2 yields equatiorl.3, used in the southerly route navigating south of the numerous Islands

analysis section of this paper. situated in the Russian Arctiéncreasingthe possible g
amount of annual navigation days due to less severe ige
5 "0 conditions of the coastal wate(kiu & Kronbak, 2010; *

‘00 p—‘l pB® Furuichi & Otsuka, 2013; Verny & Grigentin, 2010). The

version of the NSR examined in this study, diverges from
the southernroute ty navigating north of the Novaya
Zemlya Peninsula and north of the New Siberian Islands
Thereby the vesselavoids the shallow and treacherous
straits of theKara Gate and Sannikov Straft the same

In a normal scenario, the investment is deemed favoural?aﬁ]e the routecrosses south of the extremely northand
if present value of the cash flows takes on a positive valugg jnfested Severnaya Zemlya Islariise northerly route
In this stidy, however, only the cost side of the cash flowgpgsenresults in a lower navigation seasbat avoids the
is taken into account as the total amount of transportedyvere draft limitations of 13 meters and consequently
TEU serves as a proxy for the revenue (positive casgifiows for the transit of larger vessels. Although receiving
flow). The most favourable option is therefore determinedonsiderably lesdocus in literature, transits of larger
by the lowest present value as tiridicates the investment vessels was achieved using this northerly route, including
decision yielding lowest total cost per TEU. the “Stena Pol ari s "(Steha 20033 i t i
and t he Dynagas LNG <carrier
Several other investment theories used for evaluating tildynagas, 2015)
feasibility of investments currently exists such as the
annuity, internal rate of return and payback methods. Bofff! calculative purposes the NSR is divided into three
the internalrate of return and theagback method are S€9mentssimilar to the method used Xi, et. al (2011)
undesirable when comparinajternative investmentand The route .an.d the different .Ieg stretches of the route is
. . presented irfigure 4.2, The firstleg stretches from the
therefore notrelevant given the framework of this study ) S )
. . . . orts in northeast Europe to the Vilkitskiy Strait south of
The annuity method is a viable alternative to th .

. . e Novaya Zemlya Islands (Green line). The second leg
d|scounte_d cash flow method_ for cor_nparmg |_nv§§nmen lies between the Vilkitskiy Strait and the De long Strait,
but requires more calculations without Slgnlflcantlysouth of Wrangel Island, on the border between the East
changing the outcome of the investment feasibility Siberian Sea and the Chukchi Sea (red lifiégle third leg

continues from there on to the final destination of the port
cities in northeastern Asia (teal line). The icy waters of the
second leg of the Northern Sea route covers a distance of
1214 nautical mile while the length of the first and third

8 It is important to note that inflation is not incorporatedeg depends on the ports on which the vessel will call.

into the model and the nominal depreciation therefore
takes the value of zero.

® For more on investment evaluation methods see
(Hedegaard & Hedegaard, 2011)
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Figure 5.1: The version of the Northern Sea Route examined in this study
The green, red and teal liilestrates the route leg one, two and three respectively.
Source: Own calculations using Google Earth

On average, a containership servicing the Europe to E#st the SCRis set 022,826 nautical miles with a total of
Asia trade, calls at betwedimree and five ports both the 10 port calls During the summernavigation season, the
European and Asian segments of the voy@ge et al., ice reinforcedvessel is solely operatingn the NSR. In
2011) For simplification, the number of port calls per tripthis period the voyage distancés therefore between

is reduced to three in both the Northwestern Europed@mtwerp inEuropeto Shangha{via the four port called at
segment and the north East Asian segnBmthree ports in between) A round trip using the NSR calls six parts
visited in the North Western European cluster are the possth a total voyagelistanceof 15,762 nautial miles. The

of Rotterdam, Hamburg and Antwerp while the three porteutes distancesnd port callsre illustratedn figure 5.2
visited in the North East Asian cluster are the ports of

Shanghai, Qingdao and Busahhe Suez Canal Route This analysis denotes a voyage as a single east or west
allows for additionalports visits along the wayas it bound trip between North Western Europe and East. Asia
transits more populous areas awill thereforecall at Voyage distances and port visits are therefore calculated
Singapore and Hong Kong along the wa¥isincreags by taking the average of a westand eastbound voyage
the potential load factprand consequentlycompany for each of the two routesespectively This isdue to the
revenue. differences in the distance sailetpending on the voyage

It is assumed that the vessel will call at eathihe three destination and number of port visitlthough this will
ports just once when the vessel is operating in one of thesult in differences beeen the actual voyage distances
clusters This means that theessel will discharge the and port visitsit is reasonable to assume that the total
cargo destined for that port while also loading new cargamount of both eastand westward voyages will converge
for the destination ports on the other side of the Eurasiam the long run thus significantly redutg deviations
landmass.The vessel arriving at the Northern Europeafurther, such a measure of voyage distance artdvisits
cluster from East Asia, using either route, willresults in complexities in estimating the exact distances for
consequently onlgall Antwerp Rotterdam and Hamburg the ice reinforced vessel due to the two annual alterations
once in the routeduring the annual opening and closure of the
During the winter the iceeinforced vesselwill transit NSR

along theSCR and the distance is therefdiee distance

between Hamburg in Europe and Busan in Asia the

six ports called at in betweenhe round voyage distance
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Antwerp to Shanghaivia the
Northern Sea Route: 8866 nm

Ice filled water distance: 1214 nm
Hamburg Busan

Rotterdam Qingdao
Antwerp Shanghai

Hamburg Busan
Rotterdam Qingdao
Antwerp Shanghai

Hamburg to Busan distance via the

Singapore Suez Canal Route: 1784 nm
Hong Kong

FROM THEORWPPLICATUANTATATIVE GORLOMEKNORTREE

Hong Kong
Singapore

Figure 5.2: Voyage distances and port visits along the Northern Sea Route and Suez Canal Route

While only alling at each of the ports located in Europe and East Asia once, the vessel will call at both the
Shanghai and Hong Kong on each voyage along the Suez Canal Route. The voyage distances are calcul
averages of entire roundtrip

These two transition phasederiving from the opening sizeis not able to leverage the same economics of scale as

and the closure of thSR results in a distance saving ofthe ultra largecont ai ner shi ps being add

either 432 or 826 nautical miles depending on whether ttiaer fleet leading to higher costs per TEUhe positive

vessel initiates the next voyage from the European economics of scale linked to the increases in containership

Asian cluster. Thesesmall distance distortions are sizes have contributed to an increase in the size of the

disregardedfor simplicity, although these distances maywor | d’' s | i ner s hrgeptmdntaigersHips e e t

cause the results of the analysis to be slightly biaséud 1980 of 3,000 TEU to the introduction wéssels larger

towards the ice reinforced vessel. than 18,000 TEUin 2013 with expectations of further
increases in size in the coming decatt@smer, 2013Y.

5.1.3 Vessel Specifications and Acquisition Although huge distance savings are possible by using the

The requirement of being equipped with reinforced NSR, an Arcticmax class containership is not

double hull of sufficient ice classification along witheconomically competitive compared to an ultra large

numerous other technical requirements in order to geésselsoperating on the Europe to East Asia trade

permission to enter the NSR are one of the maj@Furuichi & Otsuka, 2013)In order for liner shiping

challenges for a shipwner planning to operate in thethrough the Arctic to become more than a niche market

Russian Arctic waterssée tapter2.1). This part seeks to conditions must allowarger vessels to operate along the

explainthe size and dimensions of thase study container NSR. Since the examined version of the NSR used for

vesselincluding thenew buildcostsand finance aspects. transiting goods between Europe and Asia lies on the more

Previous studies on the economic feasibility of utilizinghorthern latitudes of the U8sian Arctic, an iceeinforced

the NSR as an international container transpane have container ship with a capacity of 8000 TEU is selected for

investigated the most southern version of the NSR

effectively limiting the capacity of the container ship t00 5pa GCN Recen | y launched Malte 18, ¢

4300 TEU (Arcticmax). A containership of such a limitedpolo” | currently holding the ti
ship in the World.
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Ultra Large Container Ship (ULCS)

\ew Panamax

Very Large Crude Carrier (o

Vale Brasil

hinamax/Valemax

t

Arcticmax

) requiring yreaker escorts via NSR

Figure 5.3: Size comparison of Arcticmax and large open water vessels
Source: The Arcticristitute

the purpose of this studyThis consequently makes it Russian icebreakers hdmen reported numerous times
possible to better compare the economic feasibjlity* Ar ct i ¢ Auror a”
comparing the NSRo the larger vessels operating alond Za |l i v wihaibdéam lof"4483, 42, 44.06 and 42.02
the standardSCR Ultra large carriers are naible to meters respectivel{NSRA, 2015) For the sake of this
operate in the Russian Arctidue to the necessity of study, it isassumed that 88000 TEU vesselsannavigate
seasonal icebreaker escorting along the roiites is the Northern Sea Route given a calculate breadth of 42.91
caused by théimitations of the icebreakerescors, which meters (DSA, 2014)This lieswithin the boundsof the
have a limited breadth restricting the breath dhe previously largest vessels transiting the Northern Sea
transiting vessel. The largest of the Russian icebreakd®eute. The open water vessels operating solely along the
currerlly operating along the NSR have a beam of 38uez Canal Route, used to compare the economic
meters while that of the new generation of icebreakerdeasibility, are in this study set to be of a container
projected to enter service within the next decade, acapacity of 800 TEU, 10000 TEU and 15000 TEU.
increased to 34 mete(BISRA, 2015) According toLiu &  Despite the thicker hull of the iegtrengthened vessels, the
Kronbak (2010) the maximum beam of the transitingassumption is that the vessels operating solely using the
vessel are not to exceed the beam ofitbbreaker escorts SCR are subject to the same dimensions as the NSR
while Furuichi & Otsuka (2013argue thathe maximum vessels.Table 5.1 liststhe dimensions of the caabers
breadth possiblés between 33- 49 meters The NSRA, ships used in this study.

however, does not list any beam restrictions ahd i

therefore remains unclear if such restrictions exists.

Transitsof vessels with a beam far greater than that of the

, “"PiZapowt i Arhur
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8000 TEU Ope 8000 TEudodorc 10000 TEU Ope 15000 TEU Opsg

DWT 95.782 95.782 95,782 168,000
e e e - M E
e e e %
Lngh(r) %255 385 %4939 3096
Totalvolumd (n 264157 264157 334 ‘9149 2
GrossTonnage 81476 8LAT6 15165 156715 &
(NN?I‘I’}’ E‘g'gf;‘g Pr 87.9 105.48 122.5 159.4 §
Table5.1: Vessel dimensions ankluilding costs T
Source: Calculations based on ship specifications spreadsheetiemmish Ship Owners Associatiamd Furuichi & 2
Otsuka (2013) o

5.1.4 Capital Costs

The capital costs of acquiring the vesselsed to operate prices for the different containerships forming the
along the different routess a majorcost componenin  framework of this study.

this studydue to thedebt service spanning several years.

Especially the largecost increase in new buildce -  Assumption Ill: Throughout this paper, demand and
reinforcing the vesselcompared to ordinary open water supply of ship building services are assumed constant
vesselsyesults in theneed for significant reductioim the and the prices encountered are therefore not subject

operatioml costs to be economically feasible. The  to shipping cycle fluctuations.

containership used to operate the Northern Sea Route is

assumed to have an ice classification of polar class Bhe acquisition of container shipis assumed to be

being a reasonably strong classification to reduce the tirfinanced by 70 percent debtd 30 percent of the capital

spent receiving icebreaker assistaridessels of the Polar cost t o be covered by the inv
Class six classifications are able to sail through first ye&fu, 2010). The debt is amortized over y&ars,with a 7

ice of up to 120 cm without an icebreaker es¢8rhith & percent annual interest ratealculating theannual debt
Stephenson, 20)3The new building cosk between 26-  service usingquation 1.4 below.

30 percent higher than compared tpep water vessel .

depending on the level ice reinforceméxtonbak & Liu, 5 6 3'— p8

2010) 20 percents assumedor the purpose of this study PP
given the vessel examined only being ableptmetrate
moderately strong first year icthus still dependentroice
breaker assistance in more harsh conditions. 6 080§ WdE QL O

The newbuilding price adopted in this study are compileid “’Q‘*"fh“’ Qi &6 Q B _
from Furuichi & Otsuka R013, as it providesnew ¢ 00400BAIMO0WE Qi b0wa0
building prices for container ships of several siZEsey
estimate thatan 8000 TEU container §h costs 87.9
million USD, while the price for a 1800 TEU container

ship is 159.4 million USD. Given the volatility of ship i )
. . . . transferred at the end of the first year of the investment.
prices, such figures may easily be subject to large

fluctuations but are assumed to be constant for theherefore an investment is assumed to run for a span of 26

purpose of this studyllable 5.1 presents the new building years,- builihg the vesselin year 1, with 25 years
operationalyears,beforethe vessels sold as scrap. The

6 WOQwidad "Botd ao

According to Stopford(2008 the averagdifetime of a
transport ship is 25 years. A building time of one year is
assumed with an initial shipbuilding payment to be




38 demolition of transport ships is usually carried out in IndigGeas proves the biggest barriers to maritime transport. The
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Bangladesh or Pakistan with the scrap metal used in locdlort season of these chokepoints can be mitigated by the
markets(ibid). With a negligible scrapalue of 425 USD use of icebreaker assistances and the Russian NSR
per ton in 2012, the total scrapping revenue iadministration generally allows for traffic on the NSR
approximately?0.000 USD for an 8000 TEU container ~ from the beginning of July to the middiE November
ship (Bloomberg, 2012)Due to the multimillion costs and given a sufficient level of icgrotection(NSRA, 2015).
revenues associated wigim investment in a containership,Significant variations in the ice cover results in difficulties
the income of the sale to a scrap yardissegarded when estimatinghe exactiength and for the purpose of
this study, the navigation season of year 2016 is set to 120
- Assumption IV The investment is assumedtm for days which is a realistic assumption for an ice
a duration of 26 years of which the first year is usedstrengthened vessel given the official natiga season
for the acquisition of the containership, thus beindisted by the NSRAAs this study will take departure in a
operated for 25 years before demolition. dynamic analysis of the feadiby of transport using the
NSR, a projection of the annual navigation days is
- Assumption V:The vessel is assumed to be operatei@quired. Global Circulation Models are currently not
by the same company for the duration of théapable of precisely projécy the future navigation
operational period and therefore not resold or timeperiod, and continuously underestimatthe observed
chartered forward. decline of sea ice cover in the Arctic Ocg&troeve, et
al., 2012)
5.1.5 Navigation Days
The continuous decline of ice cover in the Arctic Ocean iEhe only forecast in the hands of the authors are those of
one of the deciding factorthat determinewhether it is Khon, et al.,(2010) who projects the annual amount of
economicallyviable to transport goods through the NSR.havigation days on the NSR based the IPCC AlB
Even though several Arctic climate studies have bedtobal warming. They findhe navigation season scenario
published with various results, the future extent of the id@ be approximately 90 days by midcentury (see figure
cover along the different sections of the NSR is impossib®4). In the study days where navigation is possible are
to forecastin a precise manner. A critical assumption ofiefinedas water with a maximum sea ice concentration of
this study is the continuousxpansionof the yearly 15 percent although ships with a sufficient ice
navigation season along tNSR due to the melting of ice classification easilymay be able to navigate in higher
cover. The exacamount of navigational days forecasted-oncentrations. The navigation season is further exqzand
here isthereforeloosely based on the uedying trends of Wwith the aid of the Russiaceébreakers as they allow for a
the sophisticated global climate forecasts mentioned earlgignificant increase in operational days along the NSR.
in this paper.
Given the general uncertainty of the speed at which the
The annual navigation days along the Russian Arctigavigation season is increasing, both a low and a high
differs significantly between the marginal seas that formavigation scenario is examined in this study. In the |
the NSR (Rodrigues, 2008) While the Barents and and high global warmingscenario,the average annual
Chukchi Seasemainedce-free for more than 100 days in increase in the amount of navigation days are set the
both 2006 and 2007, the Laptev Sea and East Siberi@nd 3 days respectively (equation 1.5 These two

Margingka 1979 2006 Dfference 2007

Barents Sea 194 251 57 294
.................... T T M
LaptevSea ........................ i g S
........... T T T - R
............... T T R

Table5.2: Past observations of the annual number of ice free days along the Marginal Seas of the Arctic Ocean
Source:Rodrigues (2008
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Figure 5.4: Length of the navigation season along the NSR from tKera Strait to the Behring Strait

The black line illustrates pastbservations. The blue solid and dotted lines denote the mean and intermodal ¢
deviation of the selected best models using the A1B IPPC emission scenario while the orange line and the orar
illustrate the same for all the models.

Source: Khon, et al., (2010)
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scenarioswill result in a navigation season expanding tadrastically reduced spegddespite ice-strengtheing.
approximately 170 and 220 daysy the middle of the Therefore, the need for icebreaker assistance will +ise
century Consequentlythe NSR willstill be closed during especially around the late and early weeks of the yearly

the height of the winter period in both scenarios. navigation period.
For simplicity the amountfonautical milesof which the
th pgm, D P& vessel is forced to operate at reduced speed to either
severe ice conditions or icebreaker assistance, is divided
t 0 OO0 QOIEIEE HMO Y'Y Q B equally on each passage of the NSR. Kronbak and Liu

8 & & GBI QORERE 1 WHIGD ¢ 'REQE ™ Q¢ (2010) assume an average distance of 700 nm of ice wate
per trip when the NSR is navigable for 91 dagsd 100
A crucial assumption of this analysis is that the yearlyjym average when navigable for 274 days.
navigation time on the NSR covers a continuous time sp&iue to the increased length of the navigation seaben
each year, such that no sudden NSR closures affect #maount of nautical milesith reduced operatiospeed is
vessel transit time. Given the volatility of the Arcticset equato 1214 nautical milesThis isthe distance of the
weather systems even in the summsercha continuous ice-filled waters ofthe secondeg, presentedn chapter
navigation season may not be realidiig is assumed for 4.2.3 This distance is assumed to be the average of the
simplicity. entire navigation season, despite fluctuates of ice ¢over
which reaches an annual low September antdigh leves
- Assumption VI:In the low and high Arctic warming during thestart and ending of the seasdine assumption
scenario the annual navigation season increase is therefore that a given vessel has to operate with slower
assumed to be 1.5 and 3 days, respectively. speeds for 1214 nrone each voyageegardless of the
impactof theglobal warming
- Assumption VI: The annual navigation time along
the NSR covers a continuous time span from the Specific notations:Throughout the rest of thisaper,
opening of the route in spring/summer to the closure variables with values that differ between types of
in autumn Arctic warming scenarios are denoted with the letter
j, such thatt is the variable X given Arctic warming
Even during the navigation period in the Arctic Ocean, scenario of type j.
certain stretches along the NSR still experisnce
occasional pack ice, forcing vessed to operate at




40 5.1.6 Travel Time and annual voyages century. The linear relationship betweeaverage waiting
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The voyagelurationdepends on the speed of the transitingays and time i#lustrated by equatiof..6 below.
vessel. The SCR route allowsthe vesselto maintain a
constant speed for the majority of the time, only O F Y D ol
interrupted by weatheronditions or port calls. While
operating along the S8R however, the shifting ice @ ; 080Qi & O®OITVEBME "Y' NEO'Q DI
conditionsdoes not allow for the same stabiliue to the
scope of this study, it is not possible to realisticallyWhen transporting goods between two points, the amount
simulate the abovementioneduncertainty andtherefore of trips is realistically measured in whole numbers. By
two sailing speed aggregates are used instead. A multitustdely considering whole numbetlis discrete timerisks
of different transit speeds apeesented by scholars on thethe exclusion of a significant amount of revenue
subject with Verny and Grigentin (2009) using an averaggenerating days from the analysis. Since it is always
operating speed of 17 knots along the SCR and 15 kngisssible to sail along the SCR, the aanamount of trips
along the NSRFuruichi and Otsuka (2013) use an averages assumeas afractional value. Due to the risk of sudden
speed of 20 knots in open water and a speed-d61lhos  closures of the NSR while on voyage is not considered to
in ice water. Liu and Kronbak (201@ssumean average be plausible in this scenarithe annual number of voyages
vessel speed of8 knots inopen water and an averagealong the NSR is assumed to only take whole numbers.
speed of10 knots inice water, regardless of receivingThe vessel transiting the SCR is assumed oferate
icebreaker assistance or ndthese voyage speeds arebetween Hamburg and Busan. Tbeerating spesk is
adopted as vessel speeds for thislp. assumed to b&8 knots, vith a voyagelength of 11,784
nautical miles,and an average of five port visits per

- Assumption VII: While in openi and ice waters, voyage The travel time is calculated using etjoa 1.7

the vessels are assumed to operate at constantspebdlow'?,

respectively, and are therefore not affected by

changes in wind and ocean currents. %o : O o o o

w Xt

After establishing the lengths of the routes and the average
navigation speeds both in open and iceoveredwaters- % "Yi & ® @R FAYO Bd & Wi 6 QD &
it is possible to estimate the average time needed forPa ©0Qi 0 ®&KIXY6 Bt B 6 ¢&'@
voyagebetween the port cluster of Northwestern Europ@ Y QQ@1 @ebdo Me € o
and North East Asia for each of the routes examthéd ¢ 00 Q1 6 QWOFIDKWIIMYO Bdre O &
addition to the time spent navigating the routes, the vesséls
spends time calling at each port visit (berthing) as well asd ¥ Qi &0Q2'Q Qb @TRE £30Y6 B & Wi 6 b 6 ¢ "QQ
waiting for permission to transit either the Suez Canal or
receive icebreaker assistance in thedogeredwaters in 1he total amount of annual voyages for a vessel solely
the Russiamrctic. operating along the Suez Canal route is therefore
The time spent for each port call is assumed to take §flculated using equatidna.
average obneday regardless of the size and traffic near
the respective port. The average waiting time for the Suez
Canal transitds assumed to be 4 dayKronbak & Liu,
2010) The average waiting time along the NSR is
assumed to be eight days, for potential icebreaker
assistance. Thiis reasonableat the present ice conditions,
yet with the retreat of the Arctic ice covéris expected to
be reduced in theufure Therefore the average waiting
time along the Northern Sea Route is set to decrease by
day annually such that the average waiting time for a NSR
trip is reduced to approximately 4 days at the middle of the

oQu

%o
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Py
OQOIOd (RN | O EQTAYOS 'Y
This gives an average travel time along of the SCR,

regardless of the vessel sizd 36.27 daysallowing 10.1
8nfual voyages along the SCR.

2\When calculating the average voyaiee, only the time
A trip is set to be one transit between the two end porspent calling at five ports is included due to only calling at
regardless of the direction or route used. each of the ports in Europe and East Asia once.
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Figure 5.5: Annual number of successfulayages

Thesolid teal) line illustrates the annual amount of successful voyages for the vessels solely operating along
Thestriped @ray) anddotted blue) lines illustrate the annual amount of successful voyages of both routes in the
high warming scenario regectively.

The travel time using the NSR varies due to changes in theenarigj, is calculated by dividing the navigation period
time spent waiting for icebreaker escort and is subject by average travel time per trign employing absolute
periods of slow speed even when icebreaker assistancenisnbers, this isrounded down to the lowesnteger
not required. The length of a NSR voyage betweetkenoted by the equatidnl0below.

Antwerp and Shanghais calculated by modifying

equationl.7 to include the distanceaveled in ice covered - Tk
waters with reduced speed, presented byequation 1.9 Uk %o PP T
below
0 1 1 0 ; 006600y MR Ol & VEGQE TNEDD Bi
%o i , @ @ pBo th 0°Y¥ OU QQOEERE O ¢ RETQ e ENIN DI
w :I 1 W :I T i V] [OVRV] @ Wl a W e wl

%o Yi oM OEIH YYQ'QDBIQO K

When the NSR is not open for navigation, the-ice
O Of AEDO BTYDQI 6 EMQ

strengthened container ships will sail the SCR for the rest
of the year. The amount of SCR tripscialculated using
equation 1.8 substituting 365 days witthe number of
days not usg navigating along the NSR.dys where
Arctic navigation is allowed, but not spent sailing on the
NSR, is calclated using Euclidian division witctinds the
remainer of the whole number from a divisiomhe
annual amount of tripssing the SCR conditional on the
amount of NSR trips possible is calculated using equation

Oy 0 VIV 0 REQDIE &
YR QOEN Do @ £ o
YR QORWAN O ME £ 0 i
00 Q1 &VWOITOEDTMI "YYQ O wi
"YQOH € i€ @0 YV E 0 OWADI

—

e e & &

This yields a voyage time of 32.6 days in year 2Qtltile
the annual reduction in the iamver reduces the travel

: ) 1.11

time to 29.1 days in year 2050.

In addition to the ice water distance varialilee amount e CQUTHAE Do e

of voyagesalsodepends on the number of days the ArcticV %o PP p

Sea is open to navigation. The total numbé&wnoyages
using the NSR in yedr conditionalon the warming O, ° 66 GRIYS YT CREFDD YV Qi | Q&
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Tha & Do 01 ©d BHQUQOEBIEON QE O by the EIA are divided into several scenarios dependent on

¢ MO "YOH Ol & VT IO Bi various macroeconomic growth cases and given the major
uncertainty attacgtdto the future ével of the price of oil

It is important to note that the annual amount of trips usir@f these alternativesthree differat fuel oil price

the NSR may actually be higher than illustratedigure scenarios are incorporated in this study in order to

5.5. By dividing the length of the navigation season witlinvestigate how different oil price scenarios will affect

the total voyage time for the NSRhe total amount of shipping along the NSR. These scenariod@seoil price,

nautical miles may be evestimated This isdue tothe a rekrence case and a high oil price scenario.

fact thatthe vessel only needs to travel two thirds of th&he low oil price scenario assumes a low demand for

distance before the closure of the NSR. This is exemplifiggetroleum products in the nddECD countriesdue to low

by a vessel departing from Western Europe only having ewonomic growthand the world therefore experiences an

reach the Behring Strait before the closur¢hef NSR and excess supply of qilThis resultin a moderate price

the results found in this analysis may therefore moderatdéhcrease obunker fuel by 204@ompared to the present

underestimate the potential of Arctic shipping. In the high oil price scenarj@ high economic growth in
the nonOECD countrieds assumedand consequently a
5.1.7 Fuel Costs high demanddr oil products. This createshigh demand

Being the single largest operational cost comporfeet, for oil, resdting in drasic bunker fuel price increasebhe
costs have large impact on the feasibility of transportingreference case assumes the warlgal GDP to grow at an
cago through the Arctic. The total fuel cost per voyagaverage annual rate of 2.4 percentil year2040, causing
depends on the price of bunker fuebyage distanceand moderate price increases of bunker fuel to approximately
bunkerconsumption per nautical mile. The price of crud800 USD per barrel by 2040. Thesference case is
oil has shown a significant volatility during the lasttherefore situated between the low and high oil price
decade translating into largeldictuations in the price of scenaripand is used by the EIA as general case for all of
bunker fuel. Due to such fluctuations and the large tims forecasts (EIA, 2015). The projected prices of residual
span investigated in this study, a projection of the futuffeiel oil for the low, high and reference case scenario are
price of lunker fuel is therefore needed. This study wilillustrated in figures.6. Fromthe illustration, it is evident
adopt the mjected prices of residual fuel oil ineh that the residual fuel oil price projections in the three
transportation sector until 2040 from the Energwgcenarios are widely differerthe low fuel pricescenario
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Figure 5.6: EIA residual fuel oil price pojections

Prices are measured in 2014 constant USD and converted from price per barrel to price per ton using a ¢
factor of 7.33 barrel per ton.

Source: EIA




remairs approximately constant between the present tim&lthough the vessel mayikktoperate at the average speeds43
and 2040, andhe highprice scenario illustrating mast defined in this studythe fuel consumption correlates
increag in price during thesameperiod™. Since the time exponentially with speed and the total fuel consumptiog
period examined ithis study continues to the year 2060may therefore be negatively biaseéor simplicity it is X
the price projections neetb be extendedlhe annual price therefore assumed that the vessels will not deviate f g

change between 2020 and 204Qefatively constant for the above mentioned speed making the fuel consumpti

scenarig, the annual real price increase for a barrel of  consumption constant.
residual fuel oil is found to b&.7 USD in the low

scenarip 12.4 USD in the reference case and 16.4 USD iadlthoughthe values offuel consumption calculated in this ]
the high demand case. study havehe potential to be negatively biased, it is cIeaE
As with all economic projectionsone musttake into that this is the case for both the SCR and NSR vessels
account the large degg of uncertainty attached to suchDue to the comparative nature of this stuidys therefore =
forecasts. A multitude of factors adketermining the price of limited impact to the conclusioilaving established the §
of oil, and it is therefore impossible to accurately projectalues of the fuel prices and fuel consumption, it is
the price for bunker fuel so far into the futurepossible to calculate the total fuel costs for a voyage using
Additionally, the price of bunker fuel varies froport to  both routes The fuel cost is calculated from multyohg

port, resulting in even greater difficulties in projecting thethe route distance with the fuel consumption of the vessel
fuel costs encountered by the vessels operator. andthen theprice fuel. Equation112 and 1.13 illustrated
However the fuel costs examined in this studyare the fuel costs for a SCR voyage using the ordinary and ice
estimatedin order to illustrate the effect of different fuel reinforced vessels, respectively.

prices on the feasiliy of Arctic liner shipping It seeks to
provide arelative, and not absolutguantification of the 6
future. Thisis further elaborated in the analysis section.
Having established the future level of bunker fuel price$ g
the fuel consumption of each vessel needs tadfmed D'QDD £ O SEDE | "AEDOL Qi E WIQWOE QHOQE B QE
The consumption of bunker fuel depends on several facters & Qa¢ ¢ i 0 & /6 @XE &) ®ebo DI & WIQWQ
including ship size, speed, water currents and winidl; "Q6 Q& CEEQQH RN ENENL Bi

conditions. As previously mentioned the vessel aggregate 5

speeds are set to be 18 knatsopen watgrand 10 knots 8 i o 93 o Dy PP o

when operating in ice filled waters or receiving ice breaker

assistance along the NSRThe ship characteristics 6

spreadsheet of the Danish Shipvner s’ — As som@ib &dKo0dE ("0d 6 Yy Qi QB@IHQE &I Q¢
provides information of standard ship typegiven the & 0N QEGO VO GE &1 6 ¢ N6 MYV QI | Qa
container apacity ofvessels Table 5.3 (next page)lists

the calculated fuel consumptions foeach of the In order to calculate the fuel costs for a voyage using the
containerships used in the analysis section, given the tWSR, the icecover water distance and the corresponding
speedsexamined External variables, like weather andreduction in sped and fuel consumption needs to be
ocean currents, will cause fluctuations in eppeand fuel included This ispresented in equatidn14

consumption. This will have a high impact on fuel

consumption. Thusthe speeds used are averages, gived yj 590 © dDp O 5 3 @

that they cannot be maintained in the real world, causing D 3 PR T

the calculated fuel consumption to also be aggregated.

. . . . X

each of the three scenarios and uncovering this underlyingnstant. S
price trend is possible by running an ordinary least squares E
regression on the projected price dataach of the three -  AssumptionIX: The vessslwill not deviate from the ©
scenarios.From the calculationsof each of the three two sailng speeds making both levels &iel %
o

T

g

a

0 3 o Dy PP g

=3
¢
¢

O fh
13 The recent drop in the price of oil is not incorporated ©¢ D% I"E®0 YV & © AW GY "6 D@2 Wi "0
into the EIA fuel price estimations. Regardless, the EIAE 00 Qi @@WaQ)0 VWi 6 ®¢ w0
projeds that the oil price will converge to the previously & ) AxRA OBOGE £ i 6 & IRe AWWGEYY Qi | Qa
high level in the next few years.
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8000 TEU 8000 TEU 10000 TEU 15000 TEU
Open Wate  Ice Reinforce. Opewater Open Water
Speed in open wal 18 18 18 18
(knots)
Speed in ice water Na 10 Na Na
'ﬁi}é/'buéﬁéi}b}b}}b"ﬁf ...................................................................................................................................................................................................
0.192 0.236 0212 0.256
water (ton/nm)
'ﬁi}é/'buéﬁéi}b}b}}b"ﬁf ...................................................................................................................................................................................................
Na 0118 Na Na
water (ton/nm)

Table5.3: Vessel navigation speed and fuedrtsumption
Source: Own calculations based the ship specification spreadshéetm the Danish Shi®wners Association

- Specific rotations: Throughout the rest of this paper, o 60 Q1 HEOGONH & LMD "CYQYI Qn
variables with values that differ depending on the 60 'Ql HWAGON & LN MDIi "GH WY1 Qf
fuel price scenarios are denoted with the letter i, sugh 6 0 Qi & "GO & ddxi¢ FATNS Y
that & is the variable X given the fuel price scenarig 0 QI @GO G aodiE ETW Y'Y
of i.
5.1.9 NSR Transit Fee
5.1.8 Port Dues In April 2014, theNSRAreleased an updated tariff scheme
As mentioned earlier, the vessel visits an average of doxr receiving icebreaker escorting along the Northern Sea
and eight ports during a round trip when navigating thRoute. Compared to the previotasiff system, where the
Northern Sea Route and the Suez Canal Routeansit feewas negotiated between the vessels operator and
respectively. De to the vessel only vigig each port in Russian authorities, the updated version haseased the
both the North Western Eurepn and the East Asiantransparency. The new tariff system is based on a fixed
cluster once per visit, the average number of ports ppricing scheme with the fee varying depending on the size,
voyageis actuallyreducedto three and five port visits ice classification and season of navigatioh also
respectively. The total cost of entering a port, includingonsidergshe amount oNSR zones in which the transiting
port entry berthingand line-handling charges is assumedvesses$ receivesce breakerescort §ee chapte?.l). For a
to be 0.428 US dollars per gross ton for each port entryessel transiting thBISR during the navigation seasah
The cost for the handling of contairismssumed to be 100 is reasonable tassume that the ice conditions around the
USD per TEU, including both the discharge and loading afpening and closure of the navigation season are far more
containers (Furuichi & Otsuka, 2013) The total port severe compared to the during theddié of the seasoft
related costs per voyage along tR8R or the SCR are is thereforeassumed that on the first and last voyage
presented by equatidnl5 and1.16, respectively the NSR during the navigation seasoricebreaker
assistance is required along a majority ofsheondeg of
6 6 OB ¢y T pmm  pPpu the route. This stretch measuring 1214 nautical miles
covers adtal of four of the NSRA designated icebreaker
0 0 208 ¢PO 7| DPpnn pd @ escort zones thereby causing an increased cost associated
with transiting the Northern Sea Route. For the remaining
8 0 ¢l Do oed@eidy Qi & WIQWE o @W'Yasy annual transits along the Northern Sea route, an average of
& 0 & il Q& OEdEDL Qi D Qo OQF® "Y'Y icebreaker assistance through wemess assumedin this
O Ol €0 48700 Qi & WIQWQ case study o transit will thereforebe completed without
0 6 & & 0 Mo d VWX QQa the aid of icebreaker escorts. With the present state of ice




conditions along the Northern Sea Route, such abtsuka, 2013)Lt is reasonable to assume thatmenance 45
assumption is reasonablalthough futuretransits during and repairs of a vessel operating in the Arctic are
Sepgember maybe possible without the aid of icebreakersignificantly higher compared to a normal open wate‘g
escort This is contingent on vessels haviagufficient ice vessel The higher new building price of an ice reinforced
classification. vesselwill result in maintenance and repair costs being Zg
From theNSRA homepagét is possible to extradariffs % higher than those dhe normal open water vesshlis
for vessel between 40,000 and 100,000 gross ton of pofarther assumed that the amount of repairs ar@
class of four During the summer/autumn seastite cost maintenance does not increase with the age of the vessel
per gross tors 357.47Rubles which providescebreaker and therefore remains fixed during the entire operationgl
assistance in 4 zones$n comparison during the mid time span of the vessel.
season, an operator can 26811 rubles per gross ton for
only 2 zones. The average exchamgte between for the -  Assumption X The annual repai costs remain
last five years is32.187 Russian Rubles for one USD constant throughout all the operational years of th
Using this rate to convert the tariff into dollars (and vessel regardless of the investment year.
deflating into 2012 USD) results in the costs of icebreaker
assistance to beapproximately904 and 677 thousand The insuranceostof the vessalconsistof thetwo forms
constant 2012 USD for thescort throught and 2 zone of insurance requiretbr operating the containershiphe
respectively. Hull and Machinery (H81) insuranceis obtained from a
marine insurance partyhich protects the owner from the
5.1.10 Suez CaRak physical loss or damage to the vess&he second
The Suez Canal toll is based on the calculations of tlsurance covers damage to cargo, collision damage,
Suez Canal net tonnage and the Special drawing righgmllution and general damage affecting third party
and it is mt easily comparable to general cargo capacityabilities. This isobtained from Protection and Indemnity
measurementéStopford, 2008) The toll is approximated (P&l) Clubs (Stopford, 2008 A high degree of
by the gross ton of the vessel, according to Suez Canaidcertainty is linked to maritime activities in the Arctic
Authorities using the Leth Agencies Suez Canal toll and it is likely that insurers will hesitatedo provide
calculator for a laden containershiphis yield he Suez insurances to such endeavoend if so a sigficant
Canaltolls measured in constant 205D for the four premium for ships operating along the NSRIl be
different vessels of this study arestimated to be required Despite these uncertaintiegshe numerous
approximately 450.80Q0 547.300 and 682.400 for the successful transits over the Northern Sea Route performed

FROM THEORCEBIarRP QUWARI

8000, 10000 =d 1300 TEU vesselsespectively. by nonRussian companies indicate that Arctic shipping is
indeed insurabldnsurers areurrently working on helping
5.1.11 Fixed operation costs to improve safety and raising awarenesguitic shipping

This section will introduce the annual operation costsroutes (Emmerson & Lahn, 2012)The basic insurance
included in this case study. These fixed costs incluggemium is assumed to be 0.343 percent of the new
insurance, maintenan@nd crew wages. Contrary to the building cost per year for both H&Mna P&l insurance
variable operation costs introcked in the previousection, An additional insurance premium surcharge of 10 USD per
these costs are not directly linked to the annual amount grfoss ton per yeds chargedor Arctic shipping (Furuichi
voyages performed by the vessthey can thereforefor & Otsuka, 2013). Similar to the maintenance and repair
the purpose of this studybe described as fixed costcosts the annual insurance costs are assumed to be
components. As previously mentioned some of the minaonstantalthowgh an increase in successful transits along
fixed cost componentre excludedfrom this studylike the NSR and improvements in infrastructure may
lubricants, crew supplies and administration costgventually cause a reduction in the Arctic insurance
Additionally, the expenses and time span associated wigiemium.

the mandatory annual dry docking, required by the

International Maritime OrganizatioIMO) are excluded -  Assumption X: The annual insurance premium is
although both the direct and opportunity costs of such assumed to be constant throughout all the
operations may be significant. operationd years of the vessel regardless of the

The annual repair and maintenance costs are set to be investment year.
1.095 percent of the new building costs (Furuichi &




46 Lastly, the salary of the crew working on the vessel is  Assumption XI: The annual average load factor is
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assumed to be 1.2 million USD annualiyerny & assumed to be constant at 60 and 70 percent for the

Grigentin, 2009) Although the size of the crew varies NSR and SCR respectively

depending on the regulatory policies of the flag state and

the vessel typethis sum is assumed to be constanAs mentioned abovehé load factor is subject to large

regardless of the size of the vessel. fluctuationsfollowing the developments of shipping cycles
causing a constant lo& factor to be highly unlikely.

Combining the three above mentioned cost componerfsirther, seasonsof capacity shortages due to a high

yields the annuafixed operation costs presented in thedemand for freightmay easily cause the load factor to

equation 1.17 and 118 for the open water and ice reach 100percenton both routesThis will postively

reinforced vesselrespectively. affect the feasibility of the NSR and the results of this

analysis may therefore be positively biased towards the
"00 (O] 0 0 PP X SCR.

The annual amount of TEU transported is calculated by

"06 0 & & TEAODQ "QEiDYS Y Qi E WIOWQ multiplying the load factor with the annual number of

6 0% & OEIAGE { o voyages and the caiher capacity of the vessdrhis is

0 B¢ & 6AGEHQE 0 QHOEGED Qi (£ NNQ presented by equatidn19 and1.20 for the open water and

'O Oti 61 @& MDY Y Qi B WEIOWQ ice reinforced vessglrespectively.

@ o 6 0 PP P Vi o 3 D PP w
06 B¢ & SBRAOE QDO YV Qi | Qa Y, 0y ¥ 3 0f 3 D p& T

0 08¢ a@a 01 GE RO YV QI | Qa

Vi YOI @i N&AHYRWQI E @IQWQE Q Bi
5.1.12 Load Factor i YOI & i néd va@i QGG Qe BNINe @
The load factor is defined as the percentage of the ¢ g siQ @i
container capacity of the vessehich is loaded. Major 8 & & 0 Mind b BEHN Bikho DI E VIO
fluctuations in the load factor will seriously affect the cash

flows of the investment and therefore the cost per TEU. 5.2 COMBINING THE COSTS
The demand for the freighf gontainers is highly volatile After having defined the variables and constraifite

and depends on several world macroeconomic factorsﬁ . .
. different cost components are combined to form the basis
(Stopford, 2008 Additionally, the demand for westbound

i derablv higher than that of bound for the economic feasibility study. The voyage ccmts
cargo Is considerably higher than that of eastboun Car88fined as the cost components associated directly with the

resulting in a difference load factor depending on the
o i i . . annual amount of voyage$heyarethuscalculated as the
destination(Kronbak & Liu, 2010) Since the liner ship . . .
sum of the fuel cds, berthing fee, container handling

will complete an equal amount of east and westid
in the | f the two load fact chargesand route related feesThe costs of one voyage
voyages I fne fong Tuian average of e o foad fac Orsanng the SCRusingthe open water vessel atelculated

's used in this study. Furuict& Otsgka (2013 use an by combining equatia1.12 and 1.15 into equation 2.1
average load factor of 70 percent while below

Kronbak& Liu (2010) define an average load factor of 60 ©
percent for a voyage between Rotterdam and Yokohama.
Whenvesselperae on the Suez Canal Routeey call at
both the port of Singapore and Hong Komdhich are not
called on the NSRTherefore anincreasedamount of
cargo is to be assumddr the SCRthusincreasingthe 5
load factor compared to that of thNSR For the purpose 5
of this study the average load fagtoregardless of
direction, is assumed to be 7Percentwhen voyaging
along theSCRand 60percet when on theNSR
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The costs of one voyagdong the SCRysingthe operice
reinforced vessel arecalculated by combining equat®n
1.13and 1.15 into equation2below.
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Figure 5.7:Voyage cost component breakdown

The Costs are based on a one voyage in 2016 in the reference case oil price scenario. NSR / SCR denotes tF
while midi and end season denotes the amount of zones where icebreaker assistance are required.

Source: Own Calculations

reduced distance of ti¢SRresultsin amajor reduction of

64 ° 0 hr;] 0 0 g bunker fuel costs. Although the fuel costs of transiting the
NSR areconsiderably lower, the ice strengthened hull
8 h causes thevessel to operate at disadvantage when
D'ODBIYE YE O SIWIDE ("G00 YV Qi R&ah s ti "dravigaing the SCRThese fuel codlifferences, provéhe
) YO B E QA0 HL Qi E WIQEQ importance of thenumber ofannual Arctic navigation
6 0 €l A& CDETEDD YV Qi D €66 EWYD Y days

An icereinforced vessel havto complete several NSR
The costfor one voyageusing the NSR is calculated bytransits in order to offsethe fuel cost disadvantage of
substituting the Suez Canal fee and SCR fuel costs @perating along the SCRn order tobe economically
equation2.1 with the icebreaker feand NSR fuel cost competitive to the open water vessgelthe long runThe
from equatioriL..14and 1.15 other major cost component affegithe NSR transits are

the icebreaker assistance costs taking up a significant part

of the voyage costs compared to the Suez Canal fee. This

0 6 6 6 & is especially evident during thetart andend season

transits where the icebreaker faakes on close t@ne

6r UV E CBRM & Qa O Q bi third of the totalvoyage costs This makesthe voyage
& 0UYWI OEYom costs almost as high as that of an open water vessel

by 0¢ OmXbE O & G EBEG a0t TNING B navigating the SCR. Additionallyfigure 5.7 reveals the
) O£l a CHEdmEDL Qi D O & OFMm) Y'Y significant cost reductions achieved by operating larger

vessels. It igvidentthat the NSR vgage costs per TEW
The cost componeriireakdowns for the different vesselsnot competitive compared to the costs of the larger SCR
examined areillustrated in figire 5.7. Looking at the vessels This demonstrats the significant economies of
voyage costs for the 8000 TEU vessélss clear that the scale incurred with increases in the container capacity. For




48 examplethe total fuel costs for the 0B0 TEU vessel is &
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only approximately 15ercent higher than that of the ice @ o1 QS a @GOG YV Qi QWG QD Q ¢ TNEND Bi

reinforced vessel using the SCR although the contain&gy ® B¢ & OWDIYT QG AO'QE TN Bi

capacity is almost twice as high. Opp 08 & 60WY 1 "(EQG'A'QE BREND DI

The total variable costs each yefar each of the vessel

type can be identified by multiplying the annual ambof In addition to the variable operation costs of the vessels,

trips with the voyage cost$hus, multiplying equatio2.1  both the annual fixed costs and the capital costs need to be

and 2.2 with the annualamount of SCR and NSR trips takeninto consideration. The annual fixed costs consist of

respectively given the ice-cover scenario yields the the insurance premium, the maintenance castisalaries

variable costs in year for the SCR and NSR vessel to the crew while the capital costs consist of the debt

These annual variable costs aresented in equatich4 payment of the vesseEquation2.6 and 2.7 denotethe

and2.5 below. yearly fixed costs of the container ship used for the SCR
and NSRrespectively.

Wor U Dy c8
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Source: Scanpix / Iris




"06 ‘0 0 0 ¢ Figure 5.8 and 5.9 (next page)illustrate the annualtotal 49
cost component breakdown for the investment for the

"0 0 & & CWRCOEE OO YV Qi | Qa ordinary and icestrengthened 8000 TEU vessel
'O b0&¢O@EN 01 @ ICERIOO YV QI i Qa respectively in year 2015As previously stated, the %
0 0 & & 06GENQE 0 QO EGW0 YV Qi | Qa investment runs for 26 years where the first year is US%
for building the vessel and the subsequent twiirrey
Denoting the capital costs in yegrconditional on the years used for the transport of goods. é

investment years, as 0 sy , the total costs forraice Fromthe figures, it is eviderthat the fuel cost is by far the £
reinforced or open watevessel of sizek, given Arctic largest cost component ranging between forty and sixB
warming scenariq, in yeart, are presented for an NSR percent of the total annual cost during the years operati%
and an SCR vessel in equat@B and2.9 respectively the ship. For the ship solely operating the SCR the fueg

cost accounts for a slightly larger share of tibtal costs %

) The higher capital costs aridebreakerassistance costs§

Yo&r 0 Dz 06 0 ¢ Q-] encountered by the ice reinforced vesssplain this >
difference Over timethe cost allocated by the Suez Canal

Yo toll relative to the NSRAcebreakerfee is reducediue to g
"Yé ORI £0BDYE Y Qi E WIQWMOUE "B "D Q i the increasingamount of annual voyages along the NSRE
0 sr The other major costariable components are those of the*

“O'QDdB 00 s dYS YQiI & REQWOMNE O Qi axodd o container handling charges and the berthing coltey
comprisebetween 15 and 25 percent of the total gosts
Y&r O ¥ Bp Oy By 08 taking up a larger share of the costs for tipen water
C& vessel due to the increased number of port visits and load
factor of the SCR. Lastly, the berthing fee and the yearly
Yoy TYE OGN QEDD Y'Y Qi I0B@ GG A Qs i s fixed costs contribute marginally to the overall costs of
b ¢ 6 GN GHEHAB QDD E & QQETOE @I axdidE o operating the vessehlthough the insurance premium for
the ice reifforced vessel is significantly higher than that of

the open water vessel.
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Figure 5.8: Total cost component breakdown for the 8000 TEU open water vessel

The costs are based on the investment in an ordinary 8000 TEU vessel in 2015 and 25 years of service
reference case oil price scenario.

Source: Own Calculations
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Figure 5.9: Total costcomponent breakdown for the 8000 TEU ice reinforced vessel

The costs are based on the investment in an ordinary 8000 TEU vessel in 2015 and 25 years of service. Tt
calculated in the high Arctic warming scenario and the reference case oil pgoarso.

Source: Own Calculations
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5.3 RESULTS

The purpose of this analysis is to determine the year whel@'Ming scenarig, given an investnié start in yeas, is

the investment in ra ice strengthenedressel becomes Ccalculated using equaticd3 below

favorable to thenvestment in a normalpen watevessel. 04

The ice strengthened vessel will operate on the NSR when Y &6 R 5 ghh oD
hh

open for traffic and on the SCR when not, while the open
water vessel will operate solely on the SARe point at
which the investment is advantageous is determined Dy OrRé "Yé 0@l G¢ @ 6IAGYOTY &6 Q¢

estimating the ratio of theotal cost per TEU between the

two alternative investment decisions. The total cost pdie discounted totatosts per TEU rate for the ice
TEU is calculated by dividing the total discounted cost§trengthened and open water vessels of the sameasize
with the total amount of transported TEUs. This idllustrated infigure 5.10 and 5.11 for the low and high

illustrated in the equationselow, where theinvestment Navigation scenarigespectively.
initiated in years, with fuel price scenarioi, Arctic From both theefigures it is evident that the investment inZ

warming scenarig and an open water vessel of sige an ice reiforced vessel will not become advantageous o}
Equitation 3.1 illustrates the total discounted costs pefn€ investment in a similar sized open water vessel duri
TEU for the open water vessel while equatiG® the span of this analysisnvesting in an ice reinforced O

illustrates the same for the ice strengthened vessel. vessel by 2035, the projected cost per TH#U the ice ™
reinforced vesseéxceedshose of theopen water vessel

by a large margin in both Arctic warming scenaribit
surprisingly the high warmingscenario yields the largest
cost ratig with the total cost per TEU for thee reinforced
vessel being approximately J@&rcent higher than that of
an open water vessel in tHégh oil pricescenariogiven an
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R

RONZH

0 ~ o~ ~
B hh sh
0 6 = - o

O 65 . investment year of 2035
B f ORk R O fh 8 Both figures shw an increasing trend in thestaatiq as a
E— " o] function of investment yearThis is explained by the
B U I Vi I D gradual reductiometurn ofthe cost per TEU of th&ISR
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vessel as the Arctic sea ice is recedinghis clearly
illustrates the effectof theincreasing number of navigation
dayson the NSRhave on the economic feasibilitgs an
alternative tothe SCR. Furtherthe results reveathe
impact of the oil pge on the viability of the NSR. A low
oil price reduces the fuel savings potential of utilizing the

Dividing the discounted costs per TEf the investment shorter NSR asthe larger capital and transit costs of the
in anopen watewessel with thatof the investment in an ice reinforced vessel causes the SCR to renhighly
ice reinforcedvesselyieldsthe ratio of the total discounted favorable A high oil pricescenariocause a reduction in
costs per TEUIf the ratio takes a value of above one, théhe extra costs of the ice reinforced vesselsivelab that
investment of a NSR vesdehsa lower cost per TEWhan of a normal vessel.

the investment in an ordinary SCR vess$kthe valueis  This impliesthat the NSR will may beconempetitive to
between zero and onehe SCR vessel istill the most an open water vessel of the same sizéhe near future
lucrative investmentlt is important to note, that when givena continued decrease in the ice covite positive
comparingthe investment in arce strengthened vesseleconomics of scale achieved by the largeeropvater
compared to that ainopen watewessel, both investments vessels results in cost ragimuch lower than observed in
must be initiated in the same year. For a comparisdigures’5.10 and 5.11Consequently, thgraphs illustrating
between the twanvestment typgsthe costsalso needo the cost ratios between thee-strengthened vessel and the
be discounted to the same year (all cash flows in thisrger 10,000 and 15,000 TEU vessels are located in
analysis are discounted to 2014 USDe discounted cost appendixA.

ratio for vessels of size oil price scenarid, and Arctic
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Figure 5.10: Cost per TEU ratio in the low navigation scenario
The total cost per TEU ratio of the investmh of an ice strengthened vessel to an open water vessel, as a functic
investment year. The ratio is calculated in the low Arctic warmstgnariowith a discount factor of 7 percent and b
vessels having a container capacity of @JEU. A ratio above one indicates that the investment in the ice reint

vessel is favorable.
Source Own Calculations
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Figure 5.11: Cost per TEU ratio in the high navigation scenario

The total cost per TEU ratiof the investment of an ice strengthened vessel to an open water vessel, as a funct
investment year. Ehratio is calculated in the highrctic warming scenariovith a discount factor of 7 percent and t
vessels havin@ container capacity 08000 TEU.A ratio above one indicates that the investment in the ice reint
vessel is favorable.

Source: Own Calculations




5.3.1 The viability of super slow steaming exponential nature of fuel consumption as a function c53
One of the advantages of following a route with a reducespeed Figure 5.12 illustrates the costs per friin 2016

distance is thepossibility of operating at lower spesd when the ice reinforced vesseessuper slowsteaming at &
compared to the alternative routghile still maintaining a speed of 12 knotiuringoperatonsalong the NSR.

the annual amount of corgped voyages. Such a strategyFromthe figureit is clear that the costs for a trip using theZuJ

may be attractive in a scenario where the demand is IoWSR has beeudrasticallyreduced compared to the costs =

and an increase in annual voyages therefore will onlyoyage costswhen operating at 18 knots, illustrated

result in a loweiprofitability per voyage From the results previously infigure 5.7 (page 4).. The costs of a NSR E
posted in the previous section i$ evident that the voyage arenow reduced by approximately 2f@ercent, %
investment in an ice reinforced container ship would naohaking the NSR voyagesignificantly more attractive. %

be advantageous to that of anionety vessel within the However, operating at lower speeds also reduces tge

next decadesThis wasin large partdueto the significant amual number of possible voyages and consequently;%a

fuel consumption stemming from the hull alterations of e ducti on i n the nuThostheiccofe TE
vessels operating in icdléd waters. It is therefore worth strengthened vessel will have fewer NSR trips to offset té
investigating whether a reduction in the voyage speeldigher fuel cost along the SCR as compat@drdinary
when operating along the NSRill increase the cost ratios open water vessels.

for an ice reinforced vessel. Figure 5.13 and 5.14 illustrates the total cogper TEU
By reducing the average speed when navigating in thatios for the NSR when traveling between Nestistern
open water sectionsf dhe NSR to 15 and 12 knots, theEurope and East Asia using the NSR when operating at a
voyage time is increased to approximately 35 and 40, daypeed of 15 and 12 knotespectively.

respectively This lowersthe voyage fuel costslue to the

FROM THEO
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1,54

Millions, 2014 US Dollars

0,5+

NSR (mid season) NSR (end season) SCR (Ice-Strenthened Vess8IER (Ordinary Vess
H Fuel Cost® Berthing ComtContainer Handling GhBISR Fe. SC Fee

Figure 5.12. Voyagecost component breakdown when super sldeasning on the NSR

The Costs are based on a one voyage in 2016 in the reference case oil price scenario with a voyage speed of
the open water sections of the NSR. NSR / SCR denotes the route used vihdladmdd season denotes the amou
zones where icebag&er assistance are required.

Source: Own Calculations
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Figure 5.13. Cost per TEU ratio with a voyage speed of 15 knots along the NSR
The total cost per TEU ratio of the investment of an ice strengthened vessel to an open water vessel, as a fur
investment yeagiven a voyage speed of 15 knots along the eyeter section of the NSR between Europe and Aba
ratio is calculated in the higl\rctic warming scenariawith a discount factor of 7 percent and both vessels haa

container capacity of 8000 TEA ratio above one indicates that the investmerihé ice reinforced vessel is favorak
Source: Own Calculations
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Figure 5.14: Cost per TEU ratio with a voyage speed of 12 knots along the NSR

The total cost per TEU ratio of the investment of ansicengthened vessel to an open water vessel, as a functior
investment yeagiven a voyage speed of 12 knots along the open water section of the NSR between EuropeT®r
ratio is calculated in the higlrctic warming scenariawith a discountfactor of 7 percent and both vessels hava
container capacity of 8000 TEUA ratio above one indicates that the investment in the ice reinforced vessel is fa
Source: Own Calculations




From figure 5.13 and 5.14it is clear that super slow may become feasible around 204@ith a rapidly 55
steaming operatins along the NSRmoves forwardthe expanding navigation season and a fuel price following the
point at which the investment in an ice reinforced vesshigh price scenario.
becomes favourableglativeto an ordinary container ship Further, this reveals that the vessglerating along the
of the same sizasing the SCRRecalling the results from NSR is relatively less affected by increasing fuel price
the previous section, it was evident that the investmeabmpared tahatonly navigation the SCRThis is only the
ratio was notfavourablein the time span of this analysis. caseif the navigation season is sufficiently long to offse
By altering the NSR speed to 12 and 15 knots, thhe increased fuel consumption of the ice reinforce
investment in an ice reinforced vessel becomasre vessé Lastly, it can be concluded that hyavigating at
attractive; although only at a smaflargin. At both speeds reduced speedlong the NSRthe total cost per TEUs
the total cost per TEU is approximately 6 percent higheeduced,thereby advancinghe point at which an ice
for the ice strengthened vessel compared to the open wateengthened vessel beconasadvantageougvestment
vessel if the investment is initiated in 2035 under the higio an ordinary vessel of the same size.
oil price scenario. Interestingly, the total cost p&UTis The possibility of regular traffic along the NSR to becom%
slightly lower when the vessel operates at 15 knots on thempetitive to the SCR as soon280 rests upon several 7,
NSR compared to the lower speed of 12 kndthis crucial assumptions which are all subject to majo'|I=
indicates that operating at the lowest speed possible daggertainties. These uncertainties include the topics gf
not necessarily reduce the total costs per TEU, and that\assel sizes, icebreaker awadility, entry déerrence fuel *
optimal speed along ¢hNSR is situated at approximatelyprices port availability and the future decline in sea .ice
15 knots. Although the cost ratiodifference between the ice
reinforced and open water vessel was close to ibris,
5.3.2 Case Study discussion and conclusion important totake into account the lower costs per TEU o
The Arctic Sea iceover is continuously disappearing,the larger vessels operating along the SCR due to the
creating the opportunities of using the NSR as aeconomics of scale. In order for the NSR to be truly
alternative maritime shipping lane to the SCRcompetitive to the SCR, the vessels operating in the Arctic
Transporting goodsvia the NSR reduces the traveltherefore have to increase considerably in sizbecome
distance by up to 35 percent, resulting in significantompetitive. This isimpossille at presentdue to the
reductions in voyage time and fuel costs. listbase shallow Arctic waters and the limited size of the
study, a costinalysiswas performed on the feasibility of icebreakers. The Arctic Ocean spans a vast area and is
transporting containerized goods between North Westesnbject to extreme weather and laftges of drift ice. In
Europe and East Asia using the NSR as an alternativeth® analysis it wasassumd that the yearly navigation
the SCR. Throughout thease studythe total costs per period is continuous and that icebreaker assistanise
TEU of operating an 8000 TEU vessel using the NSR wadways available. In a real scenario however, a sudden
compared to three rdinary open water vessels; allchange in the weather pattern may cause the NSR to close,
investigated under two different si&® projections and severely inceasing the voyage timand thusloss of
three fuel price projection8y performing a discounted revenue. Additionally, icebreaker assistancenight not
cost analysisthis case study finds that the investment imlways be readily avable andthe average waiting time
an 8000 TEUice reinforcedcontainership using the NSR on an NSR tripcould easily exceed those adopted for this
will not be preferable to an investment in an ordinary 800&tudy.
TEU (or larger)open watewessel in the near futur&his As mentioned in the previous section, multiple port visits
is consideringall the global warming and fuel price along the voyage hedges the ship operator against local
scenarios. The greatest potential for the ice reinforcettmand slumps This has the potential to increase the
container ship was found in the high global warmingmount of goods transported per trijpsitively affecting
scenario and fuel price scenaridere aotal cost per TEU the overall revenueOne of the assumptions throughout
was identified asonly being approximatelyl0 pecent this paper was that a voyage along the NSR only included
higher than the open water vessel of the same sizé¢hree port visitsat each clusterwhich is reasonableao
operating along the SCRThis emphasizesthat the assumegiven the sparsely populated Russian Arctic. In
feasibility of liner shipping is highly dependent on thecontrast to the NSR, numerous major port cities are
annual number of navigath days along the NSRThe situated along the SCRhis creaes the potential for a
resultsalsoimply that the prospect of Arctic liner shippingmuch largeiannual amount of TEUthan calculated in this

ERYHEENSE

OK

FOIARP A QUMROUALD

M




56 paper, ad consequentlyit might overestima¢ the i ncumbent provider of t he W
competitiveness of the NSR. These major populatiosshipping lane, the Suez Canal authority has the potential to
centers along the SCR also provitiferentchallenges to use policies of entry deterrence in order to postpone the
the ships operating in these watéFg/o examples of this prospect of Arcticshipping By lowering the Suez Canal
arelarge scale piracy off the horn of Afri@nd the acute transit fee, theotal costs per TElWdalculated in this paper
problem of large scale refugees crossing the Mediterraneae lowered and thereby reduce the shizner s’
Seain need of rescuas mariners are compelled to bringincentives to use the NSR. Even tegpectationof the

the distressed humans to safety. Egyptian authorities lowerinthe future Suez Canal tariff

In this paper, the developments of bunker fogtesare may increase the projected opportunity costs of investing
projected using a forecasting model under the criticéth a vessel designed for the NSR and thereby maintain its
assumption of no major geopoliticsthocks Looking forty role as the most important route betwdeurope and Asia.
years into the past, it becomes clear that such dramafithoughthe Suez Canal presently maintainsditsninant
events occur &quently. In recent yeashale gas and oil bottleneck position the retreating Arctic Sea icecover
extraction in the Dakas haschangdtheworld oil price, along the NSRis declining making the NSR more
which is currently lower than seen during the financiahttractivein the future. Transporting goods through the
crisis of 2007.The assumption of no such global eventgrtic, as an alternative to the SCR, results in a dramatic
occurring is in itself contrary to the background of thiseduction in the travel distances, which is still a major
paper The Arctic has the potential to change thansport detemining factor in the cost of maritime shipping. As the
infrastructure of the worldproviding alternatives tahe ice-cover along the NSR diminishef)e RussianArctic
Suez Canalwhich is currentlythe fastest shipping lane infrastructurewill most certainlybecome more effective in
between Europe and East Asia. With a contemporary shahg future, making the NSR more attractive-urther
decline in the number of pirate attacks in the bay of Ademresearclis needed andhouldincorporat more advanced
(Stavridis, 2013t he Suez Canal i s fod pricel forexasts, sbigpingt dyctes and navigatioa day
most important transport routes. Unlike the Russiaprojections This will certainly enhance the predicting
Federation, Egypt does not need to maintain a reagpwer ofa futurecase studyto create a better economic
icebreaker fleet nor create a maritime infrastructure in faundation forwhen tooperate in the high Arctic.

remote and spaefy populated part of the world. As the
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AS BOOMING CORRIOBEMAS EXPIENRXDOTION OF REY!
THE ARCTIC ARNEERIFMESBRART AND SERVFKCEEGWED.
CREATED A WIDEFRARBBER TUNIMHESOHBSHORINCKADH
WHICH ALREMEMS THE MABORRYTIME AR TINVITHE ARC
FOLLOWING CHAPTER MAP THEGONGEDRNUTURERERED
EXTRACTION SREHESEVANCE TCEMARIIMMIES RN TOROE
OVERVIEW OF HFHENDHES FACEBEBYTOR.

The area north of the Arctic Circle hosts an abundance tine scheduling observed in the liner shipping sector,
oil, gas and mineralswhich were previously deemed reducing the financial risks of such yages(Schgyen &
impossible or nomeconomically feasible to extracthe Brathen, 2011)

rapidly diminishing ice cover on the Arctic Ocean The fllowing parts of this chapter includen@ore in depth
combined with a major expansion of several largesview of the present and future activities importanthe
developingc ount r i e s’ hasefoetech a mseeirs hulk sector in relation to the extraction of both
demand for such commoditieBhe recent years have seerpetrochemicals and miras in the Arctic.The first part

a surgein oil and gas extraction activities in the Arcticwill provide a brief introduction to the multiple roles of the
parts of the Eurasian continenfo meet this surge in shipping sector in Arctic resource extraction activities.
demand, several resource extraction sitedbe high Arctic Then the paper will thereview the activities and describe
are either in the construction ptanningphase creating the opportunities for the tanker secgtgiven thepresent
major opportunities for the amitime industry A large and future extraction possibilitie$n the third part the
majority of the maritime activities in the Arctic arefocus shifts to the activities and opportunities for the dry
associated with resource extraction activities and sevefallk sectorby reviewing the current and future Arctic
major projects requiring a significant expansion of bulknining activities with impdance to the maritime sector.
shipping capabilities are currently under w@ge section

6.2.1). Therefore the opportunities for Arctghipping in 6.1.1 The role of Arctic Shipping for resource extraction
these sectorwill mainly be concerned witlthe transport A large fraction of the Arctic landmasses consists of
of suchcommodities from extraction points in the Arcticislands or areas far away from existing infrastructure.
and maritime support for the resource extraction facilitiesTherefore, the maritime industry plays a decisive role in
Although bulk shippig linked to such resource extractionthe prospect of extracting mineraadhydrocarbongrom
activities are faced with the biggest potentialis worth the Arctic. Sea transport is thus necessary both for
mentioning therecent and successfitansArctic bulk transporting commaodities away froextractionpoints, but
voyages alongooth the NSR and NWP. These voyagesalso for providing supplies and machinery for the mining
indicate thatthe reductions in distance of the Aoctbea process. This includes all resources needed for the
Route also benefit the bulk secttitus making Arctic bulk establishmenbf sufficient infrastructuren site like fuel,
shipping sector with a wide range of opportunities. water, food and general suppliesAdditionally standby
TransArctic bulk voyages are being subject to the samghips may also be needed for towing and support
limitations as those mentioned for the liner shippingperationsin the case of off shore extractions specialized
sector such as a short navigation season and the generakselsmight berequired forSAR operatios or oil spill
risks of operating in the remote areas of the Arcticontainment. The seasonal ice coverand harsh
However, bulk operations rarely operate under the striatnvironment in large pars of the Arctic further
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58 compicatesmaritime operations. Although large areas ofnstalling pipelines to extraction facilities are both
water previously inaccessible to vessetave been technically difficult and expensiyaesulting in the need
exposed the Arctic navigation seasostill provides a for tankers and LNG carriers to transport tyelrocarbons
limited window of opportunity for the transporfThis (NIRAS, 2014).Consequently the liquid bulk maritime
results in potentiabeveredisrugtions to the supply chain secbr hasseen aecentsurge in the number of transpsrt
which forces the companies to seasonally stockpile thelong the vast expanses of the NSR. This increass! in
products whenthe arctic waters are inaccessible tand gasmaritime activityhas not only been fueled by the
transport vessels need for inter-Arctic logistic transport, but also by
Mines and facilities for the extraction of hydrocarbonsumeroustransarctic transits between Europe and Asia.
locatednorth of theArctic Circle are numerousgjetonly a  The number ofransArctic tanker voyages along the entire
few of these are situated in areas solely dependent distance of the NShiasamounted to 13, 18 and 19 in
maritime transport for i and outboundlogistics A 2011, 2012 and 2013respectively (NSRA, 2015)
majority of the mining sites located in the Arctic parts ofCompared to the number of tankeesgels operating
Scandinavia, Russia and North America are connectedrtially along the NSRyith 10 in 2012 and 2th 2013 it
permanentlyto ice-free ports by railway Most of the s clear that tanker traffis dominated by traffibetween
hydrocarbon extraction facilities use pipelines to transpoBurope and Asia. It is, however, important to note that
oil and gasdirectly to prts and markets further south several of the transits were carried out by smaller vessels
which significantly redues their dependence of Arctic departing or arriving in the port of Murmansk and Western
shipping. f development of resource extraction in theRussia They didtherefore not travel directly to the large
Arctic continues to expand to more remote and isolatgbpulation centers of East Asia and Europe.
areasthe need fotogistic maritime assets arises cregtin The majority of the tanker vessels navigating the Arctic
further opportunities for the sectofhese developments are owned and operated by Russi&ippirg companies
could be in areasuch as Greenlanthe Canadian Arctic notably Sovcomflot and the Murmansk Shipping
Archipelago and Arctic Siberia, where pipelineCompany. Sovcomflot isRussi a’
transportation would be impossible. compary and o n e of the worl d’'s I
owners. The company is an active participant in the

6.2 PROSPECTS F(]RJUQ[A[{[D Russian oil and gas extraction actegti in the Arctic
operaing a large amount of ice classed LNG and
OFFSH_ORING petroleum carriers. Murmansk Shipping Company
Although the Actic Circle only covers 6 percent of the .
provides transport of dry bulk, general cargo and tanker

Barth’s surface, the are aShiHE)Iall’la aloﬁgcthce ?\Igé]né opera(%eghe ﬁugsianmnlﬂc(fegr_

percent of the worl d’'s undlscovereﬁj1 r%cfoverable 0
. icebreakérsused fof the escoof cargo ships alohg the
gas resourcefErnst & Young, 2013)The US Geological

] i NSR (MSCO, 2013) Both Sovcomflot andhe Murmansk
Survey estimatesthe total mean of undiscovered_., . . . o
) ) ) i Shipping Company have a long history of operating in the
conventional oil and gas resourdesthe Arcticto be 90

billion barrels of oil. 47 till bi ters feet of nat IRussian Arctic but in recent years several RBussian
illion barrels of oil, rillion cubic meters feet of na urashipping companies havaiso navigatel the NSR Nom-

gas and 44 billion barrels of natural liquid gas. Of these tl?f?ussian companies having used the N®Riprise ofthe

Iarge_:st_amount of undiscovered 0|I,_ae129 pllllon barrels Swedish Stena LineGreek Dynagasand the German
of oil, is expected to be located in Arctic Alask@he .
Reederei Group.

largest gas fieldare estimated to Hecated in the Western : o . L . .
i i ) Dynagas provides specializing in navigating in Arctic
section of the Russian Arcti@)SGS, 2008)To transfer . " o . .
weather and ice conditions using its expanding fleet of ice

these resources to econqmlo\gth centers‘lurther south reinforced LNG carrierdDynagas, 2015jnade history in
an extendednfrastructureis required Multiple types of

|r_1fras_tructu.re arfmee_ded, aQapte_d o the condlt!ons at eacvk]/as the first LNG tanker to successfully transport LIN&
site, including:pipelines, oilterminals,gas terminalsand

NSR from Hammerfest, Norway to Tobata, Japan. The

bulk  tankers.  Although the  maritime  transport Of\/oyagewas caried outduring November, outside of the

hydrocarbongs a major industry on a global scale, a larg_%avigation season with the aid from Rostomfot

frz.ictlon. of the oil and gas produced north of the Arc“?cebreakers(Gazprom, 2012) Another Dynagas LNG
Circle is currently transported south by the use of
pipelines, either directly to the costumers ortessible

ports located in more adutageous climate areas.
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completed a similar voyage in 28, while also as a destinatiofEIA, 2014) The t wo LNG ¢ 59r i
backhauling through the NS@RISRA, 2015) In the same Ri ver ” and the “ Arct idepartedur or a
year Stena Line, in cooperation with Hyundai Glovis, alsrom the Melkoya terminalo deliver gas to the Japanese
traversed the NSR transporting 08® tons of Naphtha market.

from UstLuga, near Skt. Petersburg to Soutorea The Goliat di field in the Norwegian part of the Barents
(Stena, 2013) Between 2012 and 2013he German Seais scheduledto begin production in 2015It is
Reederei Nord completed two transits carrying gasxpected to hold oil reserves of up to 174 million barrel
condensate from the port of Murmansk to Incheon, Soutif oil and close to 8 billion cubic meters of natural ga
Korea and Milacca Malaysia. Several other ndtussian (ENI, 2015) Located far offshore, where pipelines ar
companies hay navigated the waters of the NSRnonfeasible,oil from the fieldwill be transported to the
transporting oil and gas betweenrBpe and AsiaThis markets using two newly acquired 123 thousatehd
indicatesa broader interest in utilizing the Arctic as aweight tons (DWT) shuttle tankersThey are owned and
viable transport route for liquid bulk. Additionajlgeveral operated by Knudsen NYK Offshoreaikers having
oil and gas companies operating time Arctic without acquired the vessels specificatly work in Arctic waters
access to the pipeline network are acquiring their ow(WMN, 2011) Future development in the Norwegian

N QiR PO RINUNOHZS |
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vesseldo transport goods. Arctic may include the newly discovered Johan Castberg
field, situated north of the Sngvit field/hich isestimated
6.2.1 Arctic oil and gas extraction dwntivégien to hold between 400 and 600 million barrels of. oil

The reserves of the five Arctic nations are unevenljccording to Statoil the field is too small for the
distributed This partof the paper providea brief review development of land based facilities near the Castberg
of extraction operationgelevar to the maritime industry field (BO, 2014b)and the oil will therefore need to be
It will provide an oversight of current and plannedransferredby ships. Although the future of the project
extraction sites in: Norway, Russia, US and Canada seemed bright since the discovery in 2011, recent declines
in the oil price has forced Statoil to postpatime decision
Norway: Norway maintains the largest reserves of oil angphase at Castbergntil 2016 This is due teestimations of
gas h Western Europe, standingt 21 trillion cubic a breakeven point of a 100 USD pgmarrelin the field,
meters of gas and 7.5 billion barrels of @P, 2015) The nonfeasible at the current world pri¢Stangeland, 2015)
countryis currentlythe third largest exporter of gas in the
world after Russia and Qatar (EIA, 2014). A majority oRussia: Of the 61 large oil and gas fields that have been
the Norwegian production oars outside of the Arctic in discovered within the Arctic Circle, two thirds dozated
the North Sea, buéxtractionoccurs in the Barents Seain the Russian part of the Arct{&rnst & Young, 2013)
north of the Arctic Circle. The gas and oil pipelineAl mo st a quarter of the worl
network in the North Sea is extensivnnected tdhe located in Russia, with close to 90 percent thése
European central netwarlHowever northern Norwegian reservedocated in the Northwestern part of the Russian
oil andgas fieldsare onlyconnected to thenainland thus Arctic. Gas fields located in the Barents and Kara Sea
requiring transportsouthto reach other marketsy rail or region currently supply almost 70 percent of the Russian
ship. The Norwegian part of the Barents Sea is ice fregas production@streng, et al., 2013)The gas and oil
throughout the winterand can thereforasenormal open pipeline infrastructure is well developed in the Western
water tankers tonarkets in Etope and AsiaSngvit is the part of the Russian Arcticwith under 20 percent of the
first Norwegian gas field developdd the Barents Sea produced oil being transported using by ships, railways or
where gas is transported to land using a Id®meter roads. Several oil export terminals are located in the
pipeline to the onshore LNG terminal at Melkoya near Russian part of the Arctiavith a majority of these located
Hammerfestfor liquefaction (Statoil, 2014) Melkoya is in the ice free waters of th®&arents Sea. Of these
the mostorthernLNG facility in the world andis used as Murmansk is the largest terminakerving as a hub for the
an export terminal to transport the LNG to consumbrs transport of oil to markets around the world.
2012, 65 percent of the LNG produced in Norway wa®il produced at the TimaRechordield, is transportedo
exported to European and Eurasian countribsit Archangelsk, and then shipped to the Belokamenka
shipments of LNGrom Norway also have Asian marketsfloating storageunit in Kola Bay. From the Belokamenka
unit, the oil isfurther shipped to customers in Europe and

14 On the voyage in 2013 the destination port was Futtstiie US amounting to as much as 11.2 million barrels of oil
Japan.
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The Belokamenka floating oil platform
Source: Scanpix / Iris

in 2008 (Rosneft, 2015) The Russian company Lukoil shipment consisting of 67 thousand barrels of oil arrived at
owns and operates the Varandey terminal in the Pechdh& port of Rotterdam by the Sovcomflot iceesgthened
Sea, currently the northernmost continuously operating aill carrier “Mikhail Ulyanov'. Since then several transits
terminal in the world. Varandey is a fix@dfshore ice has been completed and Gazprom plans to increase annual
resistance dfloading terminal located 22.6 kilometersproduction to 5 million tons by 20280, 2015a)

from the coast, where oil produced at the nearby Timan

Pechora oil field is loaded on to oil tankers for furthetnlike the transport of oilRussia only exportsatural gas
transport(Lukoil, 2015a) Lukoil exports all its oil from extracted in the Arctic by pipeline and the only liquidation
Russia by sea, which amounted to 4.2 million tons of crugsant located on the Sakhalin Island in the Russian Far
oil in 2012, of which the 3.2 million was through theEast far well away from the Arctic OcedBlA, 2014) A
Varandey terminalLukoil, 2015b) major LNG terminal is currently underwan the Yamal
Located 60 kilometers north of Varandey,tive Pechora Peninsulanear the Kara Sehy Novatek, Total AG and
Sea, lies the ice reinforced drilling platform Prirazlomnoy€NPC (Novatek, 2014)Here @swill be extracted from
capable of operating yearound in the harsh Arctic the largeSouthTambeyskoye gas fieldransferred to the
climate It is t he worl d’ s f i r sSabetta seapbrit i astimated the poa tvikkxpartmap to
extracting oil in the Arcticshelf. The Prirazlomnoye oil 16.5 million tons of LNG annually by 2021, making it the
field is estimatedto hold 72 million tons of oil and busiest port in the ArcticThe contracting companigsave
Gazprom, the operator of the platform, expects the anniagined a slot reservation agreement with Daewoo
production to reach 6.6 million tons after production fronShipbuilding & Marine Engineering Company for the
the field was initiated in December 20(Bazprom, 2015) construction of up to 16 AfZ, 172,000 MLNG carriers
Located far from Isore the drilling platform is not These ships arerderedto ship LNG to international
connected to land by pipelines and the oil extracted markets through the Barents SeaEuropein the winter
therefore transported by sea and on M&8y2Q@14 the first and by the NSRo Asiaduring the summer. Nine of the 16
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LNG carriers have already been ordereg two joint 6.2.2 Opportunities for the Danish Maritime SeCt0|6
ventures.The first6 of thesehave beerordered by a joint The greatesbpportunities in the Arctic for the maritime
collaboration between Teekay and China LN@ile the industry, and its sub suppliers, doeind in the offshoring %
last3 have beerordered by a joint venture between OSKsector with the transport of oil and gafhis section
Lines and China ShippinW, 2015) presents th@pportunitiesfor the maritime industry in the %
Another major project in the@evelopment phase is theKingdom of Denmark as reportedy NIRAS (2014) S
Shtokman Field in the Barents Seatimated to hold up to Danish companies in the offshoring and tanker sectér
3.9 billion n? of natural gas. From the planned deep seslready maintain a sizable fleet and have obtain
rig, the gas is planned to be transported to the port kfowledge through offshoring operations in both th
Teriberka on the Kola Peninsula a plannedliquefaction Danish and Norwegian partsf the North Sea Test
terminal for the maritime transport of LNG to costumerslrillings have also been carried oinn the waters of
(Gazprom, 2015)A combination of the Americashale Greenland.The opportunities forcompanies to provide
gas boom and high production costs has, howegsulted transport the oil or gas away from the platform arg’
in uncertainty for the Shtokman field. écording to greatest However several other types of vessels and’
Andrey Kruglov, Gazprom Deputy Chairman, furtherequipmentreneede to operatea drilling platform, which
devel opment of t he pfor fujure c ¢hangea depebding op thesapgratiomad ghasé of the project.
generation$ (Novosti, 2013) In the investigation phasthereis a need for maritime

assets to collect seismic data, oil resource sampling and
USA and Canada While the North American Arctic is perform observations of the environmentihte of the
projected to hold vast reserves of conventiamibhnd gas ocean This employs several different vessel types, sich
resources liquid extraction has beenlimited due to drill ships and support vessels. The production phase
missing production facilities and pipeline network. Thepresents the greategpportunityfor the Danish industry
Alaskan North Slope has proved reserves of 4.2 billioas theyalready maintains a fleet tfansportof oil and gas
barrelsof oil, but is estimated to contain at least 27 billioras mentbned aboveDuring the production phageere is
barrels of oil ad 1 trillion cubic meters of ga@streng, et an additionaheed for specialized vesselsassisthoth the
al., 2013) Alaskan oil is mainly produced #te Geater drilling platform and the transport vesselfie operational
Prudhoe Bay area and is transported by pipelinethgéo phase further presents opportunities for suppliers of
ice-free port of Valdez, in the subarctic region of Alaskaspecialized equipment and madés to keep the platform
From fere oil is shipped to refineries along the westerroperational in the harsh Arctic climate. Lastly, in the
coast of America (EIA, 2014) Due to the road shutdown phase the platform is terminatedithe well is
connectivity,the Alaskan oil and gas sectertherefore of sealed This creates the need foraterialsand equipment
negligible significance to the Arctic tanker sector. to be transported away. nl the sensitive Arctic
Canadaial ready amongst the wanvirbnthénts thereanrmaybe sded éarntinuous surdeyinga s
producers but production mainly comes from the Albertaessels to perform environmental investigatiorts
oil sands, the Western Sedimentary Basin and offshore oibnitor the environmental impact of the platform.
fields in the Atlantic OcearAll these extraction points are
all well away from the Canadianrétic (EIA, 2014) With  In addition to the above mentioned maritime activities, the
the US importing close to all of Canadian oil and gasextraction and transport of oil andgjcreates opportunities
exports these products are transferred using a -welfor sub suppliers not directly involvedith drilling. This
developed pipeline network Shipping prospects for includes theneed for emergency response equipment in
Canadian fossil fuelss thereforealsoinsigrificant, unless case of both human injuries and environmental accidents
major development of the@emote Arctic reservesis such as minor oil spilswher e -b'ys"t awaeégssel
initiated. Arctic Canada is estimated to hold vast reservepecializel allow for quick response in the case of
of fossil fuels with the unexplored Ameriasian Basin northaccidents The offshore industry also creates opportunities
of the Canadian mainland is estimated to hold close to 1@r suppliers of general equipment for the cleaning of oil
billion barrels of oil and 56 trillion m® of gas (USGS, spills such as booms and pumps. Ship yards in Denmark
2008) There are naurrenty active projectsin the area havet he capaci ti es dboy pvreosdsuecles ”s
but the vast number of reserves makatsire extraction well as retrofit existing vessels with ice reinforcement and
activities likely if the oil price rises to previously highgeneral antiwinterization measures.
levels.

TIC OFFS




()]
N

ARCTIC SHIRRIMGIERCIAL OPESRNINCH/

Sources of gas supply
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Figure 6.1: Projected sources of gas supply by region in 2035
Source: BP (2015)

Larger vessels are mostly produced Asia; however
several Danish companiesre offering designs foice
strengthened transport vessalwd are providing parts for
these specialized vesselsAdditionally, there are
opportunities for the Danish stduppliers for servicing

6.2.3 Long term potential

The major expansion in oil and gas extractiacilities in
the Arctic hagprimarily been fueled by the major spike in
oil prices observed during the last decatlee long term
development of the Arctic oil and gas fieldstherefore

vessels that will be operating around the platform. Finallyighly dependent on oil price levels reaching such high
the risk of drifting ice damaging the drilling platform levels in ader to be feasibté The recenteductions in the
creates a market for support activities such as iceoil price hascaused the industry to postposeveral of the
surveillance, ice @nagement and icebreaking planned projectsas a breakeven diarrelprice of close to
Experiences from the waters of Greenland has caused théundred USD is required for these projectsferate at
Danish suppliers are well equipped toppart such a profit Although such a fall in the price of fossil fuels
operations. severely challengegshe development of oil and gas
The majority of the ofshoring and tanker potential for thereseves due to high production costsindustry officials
Danish maritime industry lies in Norway, Russiada and policymakersexpectthe oil prices to return tat least
CanadaEspecially Norway as several Danish companiesreach80 USD peibarrelin the decde to come. This is due
are alreadysupplying and working closely with the to the rising demand for energybeing forecasted to
Norwegian offshore industryin both Canada and Russia,continte to increase in the decades to co(iielegraph,
however,the Danish industry is struggling to get on the2015) (Oil Price, 2015) (WSJ, 2015) A rebound of the
supply lists of ompanies planning to extract gas price faces more uncertairag the introduction of the
petrochemicaldn the Arctic. This is especially apparentfracking technology has sparked an energy revolution in
with the Russian offshore companies where transparenByerica A proliferation of the technologyr increased

is limited and subject to both technicahd national
barriers.

15 Being substitutable goods, the European prices of oil
and gas are generally correlated and a redudtiadhe oil
price therefore also negatively affects that of price. See
(Erdos, 2012)




export may easily lead to lower prices outside of Norttwill continue to comgrom conventional gasources and 63
America. net pipeline importa significant increase in projected net
Regardless of the short term price fluctuationse t LNG importsprovide opportunitieor LNG transporiand
increased economgct i vi ty of t he wpgerhdpgrctie shipmng asevelleByn208%pih Eugope and
economies hagreated an ever increasing demand foChinais projected to supply close to 25 percehttheir
energy Long term projections bRritish Petroleum expect gas source from net LNG import However, not only
such a demand to increase by as much as 41 perc€hina, butthe East AsidPacific marketsin general are
between 2012 and 2035 with especially gas taking up a projectedexperience a large increase in demand for LN
large amount of the total energy consumption in 2035n the next two decadeBigure6.2 illustratesthe projected
Figure 6.1 shows the projected sources of gas supplgiobal and regioal demand for LNGin 2035 clearly
measured in billion cubic feet per day, Europe and illustrating a large increase iespecially Asiandemand.
China until year2035. While a majority of gas supplies With several unstable regimes and areas with arm
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Figure 6.2: Projected global LNG demand by region
Source: BP (2015)




64 conflict in the Middle Eastpotentially causing disruptions largest vessel to transit the NSR during the 2014
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in the energysupply linesthe Arctic has the potential to navigation season (ibid.).

serve asan important source of oilThis could perhaps be

of significance to the Arctic liquid bulk industry. 6.3.1 Present and future Arctic mining operations

Especially the Russian Arctic is expected to become \W&hile companies such as Nordic Bulk have mostly been

major source of oil in the future with the Asian countriesransferring cargo through the Arctiseveral large scale

being well paced to exploit these majagas reserves mining projects are currently in operation or in the

(WSJ, 2014h) planning phas&reaing commercial opportunities for the
maritime sector. Thipart introduces some of the present

6.3 MINING OPERATIDOPNRYIIBULK and future mining operationwith opportunities for Arctic
Dry bulk hasbeen operating in the Russian part of th@ulk shipping.

Arctic for severaldecadesand the recent increase in the
accessibility of the Arctic Oceahasexpanded the areas
where bulk vessels operafe. contrast to the majority of Part of the Arctic for decadeswith the vast area in
the petrochemicals produced in the Arctic beingOrthern Russia hoidg an abundance of mineral
transported using an extensive network of pipelinESOUrces. At presenapproximately 25 mines are in
systems, the heavy and voluminous minerals minetie operation in the Russian part of the ArcBeveral of thee
Arctic Circle requirestransport using either ships or MiNes are extracting precious mineral mines thus
railway. Although such mining activities in the Arctic are"€duiringnone orvery few shipment¢emmerson & Lahn,

limited, several major minesxtractingiron, nickel, zinc 2012) The two major clusters of mining operations in the
and copperare present in the vicinity of the either theRussian Arctic are located on the Kola Peninsula and the

Arctic Ocean or the surrounding seas and rivBme of cental Siberian Plain near the Yenisei River. Murmansk
these mines are thargest in theworld, extracting vast S€rves as the regional hub for the maritime shipments of

amount of ore to be shipped to thgobal markes. Bulk cargosfrom both these clusterdost of the cargo
Additionally, such mining operations require supplies to!€aving the port of Murmansis shipped west through the
accommodate the work forcand machinery which is ice free waters of the Barents Seat several shipments
often provided using maritimesgeral cargo vessels. have also been transported to East Asia along the. NSR
While most of the Arctic Bulk traffic has been limited to! € Norilsk Nickel Companyoperates several mining
transport from mining operations in the Arctic to |argeﬁacilities on the remote Central Siberian Plain and the

ports located in ice free waters such as Murmaseskeral Taimyr Peninsula both located near the Yenisei River
successful transits over the NSR has beeported in This river provides access to the NSR, asuits into the

recent years. Similar to the bulk sectoliose to all of the Kara Sea Wowing direct transit The yearly nickel and
Arctic bulk shipping activities are located north of Russia COPPer output from the Central Siberian mirieg;lose to
They are also primarilyexecuted by Russian shipping500 thousand tonsThe material extracted ishipped
companies like Sovcomflot, the Murmansk Shipping directly from the port of Dudinka at théenisei River to
Company and Norilsk NigK. One of the nofRussian the port of Rotterdam, Hamburg and Shanghai during the
companies having completed seveselk transits usings NSR navigation seasoWhen the navigation season is

the pioneeringDanish company Nordic Bulk Carriers ¢10s&. a fleet owned by the Norilsk Nickel Company
They specializ in transporing of dry bulk cargo in the transfers materigbetween Dudinka and Murmansk. These

Arctic, operatng an expanding fleet oice classed bulk vessels arelassifiedasice reinforcedArtic Class 7, with a
potential to break through ice up to 1.5 meters thickness
This allows the vessels to operate even when the
avigation season is closedithout requiring icebreaker

Russia: Mining operations have been active in the Russian

carriers They have successfully completed several
voyages along the NSRand were the first company in
history to successfully transit the NWP for commerciall
means in 2012. From 2012 to 2013 Nordic Bulk complete@fSistanc€Telegraph, 2012

12 transits along the NSRransporting iron @ from

Murmansk to the Chinese cities of Qingdao and Huangugcandinavia: Further west, in Arctic Scandinavia, several
They have also transporteal between Vancouver and !arge scale iron ore mines relevdor bulk shippingare
Hamburg while also backhauling through the Arctic currently in operation. Reopened in 2009, the Sydvaranger
(NSRA, 2015). Further the Nordic Bulk ore carriefnine in the extreme northeast of Norway is connected to
“Nordic Oshi ma80 DWE was ther singleg the,pgrt at Kirlenes allowing iron oreto be shipped tthe




worlds marketsvia the Barents Sea'wo of the largest conditions in the waters of northern Greenland ptm®e 65
iron ore minesin the world are located irNorthern challenges for further development othese minesand a
Sweden Malmbjerget and KirunaThey areconnected to reduction inthe ice cover is thereforerequired for the
the seaby rail to the Norwegian port of Narvikvhich has projecsto become=mnomically feasible
the capacity to export close to 20 million tons of ore
annually to the European and Asian mark@di&AB, Canada and the US:Underneath the North American
2015) Although a large quantity of ore is being shipped Arctic projections showan abundance of various mineral
from Scandinavigach year, the waters around these portesources with both Canada and the US8ready being
are primarily ice free throughout the yeaiherefore amongst the largest mining nations in the wo@ldnada
opportunities for Arctic shippingare mainly conceived hosts approximatey 800 active mining operations
with shipmentdraversinghe NSR. althoughfew of these mines are located in the Arctics
Several of these mining activities are related to thg
Greenland: There are currently no active miningextraction of golddiamonds and uraniunThese resources £
operations in Greenlandut largemineral deposithave requirea limited need for shipping activitietue to thei =
been discovered recentlyThe governmenthas thus attributesand most of the resources extracted inNlogth
actively been promoting mining operationgesuling in  American Artic generally seevdomestic need§dstreng,
severalplannedmining projects.Several of these mineral et al., 2013) The largest mine currently opging in the
deposits are projected to hold large reserves of the highynerican Arctic is the Red Dog mine located in
value rare earth mineralsvhich arecurrently prodiced Northwestern Alaska near the Chukchi Sea. This mine is
under a Chinese monopolyhe Kvanefjeld project inthe a mon gst the worl dadd ddedoige st
southern part of Greenland is estimated to host ammote locationrequires ships to transport the ore away
abundance of rare earth mineralsd uranium deposits from the mine. The mine hosts its own port facilities
Greenland Minerals and Mining LTDexpectto strt where the zinc is stored during theinter while ice
construction 6the mine as soon dhke last permits have conditions are seve@®ANA, 2009). After the closure of
been grantedBeingsituated relatively south in Greenland,several mines in Nunavut and the Northwest territpries
ice conditions are generally mild and the company plans teere are nactivemining activitiesin the Canadian Arctic
use the deep fjords around the area to ship the mineradgolving shipping Only the Raglan Nickel minan the
directly to processing plantsduring the entire year low Arctic part of Quebec has a modest seaborne
(GMEE, 2014) The same favorable transport conditiondransportation needrhe ore is shipped south to Quebec
apply to the TANBREEZ rare earth mineral mineCity, via Deception bay, using only 4-5 trips per season
currently in the planning phassituated near the port of (CASA, 2007) Future development ithe North American
Qagortoq in sourthernGreenland. TANBREEZ, the Arctic include the massive Mary River iron ore project on
company behind the projects currently engaging in Baffin Island, currently under development and expected
negotiations with the Greenlandic government and projedis be operational by 2020. Baffinland, the company behind
to mine 500 thousand tons of ore per annum initiallythe projectexpects the annual production to be 3.5 million
increasing to 1.5 million tons lat§dTANBREEZ, 2015) tons increasing to 21.5 million tons annually by 2020
Further the ChinesecompanyGeneral Nice has recently They arecurrently developing port facilities at Milne Inlet
bought the rights the extract irare from the Isudield, north of the minéBaffinland, 2015) From the Milne Port,
which is expected to hold 1.1 billion tons of iron ore. TheBaffinland plans to use bulk carriets transportbetween
mine will be located just north of the Greenlandapital 70 and 90 thousand tons of qurer transitexpecing to use
of Nuuk and 110 km away from a proposed deep watenore than 50 ships during the summer navigation season
harbot from where the ore will be exported to foreignThis will drasticallyincrea® the traffic in the waters of the
customers.Other projects whereeésibility studies are NWP (CBC, 2014)
currently being performethclude thelarge scale mining The company MMG mimals, a subsidiary of the Chinese
projects in Northern Greenland by tbempany Iron Bark Minmetals Resources Ltdhave proposed a major mining
Zinc Ltd. These project proposals include nsinat project in thelZOK corridor in northern part of Nunavut
Citronen Fjord and Washington Land, bdticationsrich  Canada The project will consist of several mines being
in reserves of zinc and lead’hey arelocated in the connected by road to a planned port on the southexst co
northernremote part of Greenlanéh the vicinity of the of Coronation baylocated along the NWEMMG, 2015)
Arctic Ocean(lronbark, 2013) The near permanent ice An estimated 650,000 dry metric tons of mineral
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66 concentrates will be shipped out each ydaough the Denmarkin their development phase and equipmé&uath
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port. Minerals will be shipped Europe through the Behringechnical barriers and protectionism are seen as major
Straitusing the NWP, and conditions will allow passage tochallengesfor the best utilization of Danish industry
East Asia during the summer navigation seaddMG competenciesn the Arctic The technical baiers consist
estimates that the amount of bulk carriers needed ¢dlocal design and industrial standgrdséth several of the
service the mine at peak production must fulfill 16 roundrctic states hawng implemented some form of
trips during the 100- 120 days window ofnavigation protectionism to support local suppliers. In Canada for
(MMG, 2012) As of 2015, MMG is seeking partnershipsexample equipment aboard vessels operating in the Arctic
to share the costs of developing port and roachust have been proded domestically providing a
infrastructure, but it is doubtful if the project will betechnical hindrance for Danish suksuppliers. The
further developed given the current glut in globaAmerican Jones Act states that all cargo between
commodty prices. American ports must be transported by US owned vessels
with American employeesnaking it difficult for Danish
6.3.2 Opportunities for the Danish Maritime sectorbulk shipsto operate in Alaska. Due to the ongoing
While destination voyageblavethe biggest potential for presence in Greenland, Danish companies teagrage
mining operations, there is a significant potential for thbenefit from the Greenland commodity lal staes that
shipping industry in the establishment and terminatiocompanies must be located in Greenland and use
phase of the mine throhghe transport of equipment andGreenlandic  employeges unless no  Greenlandic
supplies to the mining site. The need for transport impetitive compiaies exists or no qualified work force is
largest in the operational phadeat specialized transport is available to hire.In similarity with the offshore sector,
alsorequired inthe phase of establishment and terminatioeeveral companies report difficulties in getting tonthe
that can easily be transported over wafEhis section list of suppliers at international offerings of international
presents the opportunities for the maritime industry in theompanies Becoming a part of international companies
Kingdom of Denmark basednothe findings by NIRAS supply listis essential for getting karger presence in the
(2014). By having a strong presence in the transport afector This is further exacerbated for mining projects in
bulk destination cargo, several Danish companies hatlee Russian Arctic, where the industry is worrying that all
established themselves fast movers in theArctic bulk  transport will be made by doméstcompanies as
sector They therefore hae an advantage in the form of observedin the Russian oil and gas indust@hallenges
knowledge and equipmentincluding ice reinforced such as these hindehe possibilities for the Danish
vessels.Especially decadesf maritime experiences in maritime sector and its stguppliers This challenge is
Greenlandnavigating ice filled waters as well as an especially apparent for the smallesmpanies, whictare
insight into the political processes of th@&reenlandic heavily relian on a fair level of competition.
mining sector and understanding local challenges. In
addition to the maritime activities related to the transpof.3.3 Long term opportunities
of bulk cargo and supplies, Arctic mining operations alstn the area of Arctic mining operations and dry buhe
creates possibilities for suppliets service and repair long term opportunity islargely depenent on the
maritime relatecequipment. Generall\Danish companies accessibility of mineral deposits and the price of these
have a strong position in the areas of ice managemeocdmmodities.This is similar to the offshore and liquid
yielding opportunities for the mining and bulk industry inbulk sector. With the low commodity prices observed
the Arctic. Ice management include icebreakers #&el during the last few years, the development of new mines in
surveillance in order to secure ice free passages arttie Arctic rests on the assumption of an increase in
escortingof transiting vessels. Further there is a need fatemand and consequentlyan increasein price The
specialized vessels for towing awagebergs,and an continued melting of the Arctic ice cover may, however,
overall need forexperienced ice pilots to man the shipsncrease the number of traAsctic dry bulk transports
operating inArctic waters. The newbuilding or retrofitting  using the NSRThis will possibly providean alternative to
of the ice reinforced bulkfleet may also present the contemporary southern routéfe recently established
opportunities for the Danish industr@pecialized vessels Mary River iron ore mia will result in a dramatic increase
may be needed to service the miaad although built in of maritime activity along the waters of the NWRhich
Asia, the designing, classifying and certifying of largenay also contribute to increased Danish involvemient
vessels @ate opportunities for the maritime sector irthe long term
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*/THE ARCTIC CIRUI X
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LARGE PASSENGARESIRPASINGLYINSAMESADASTAL AR
ARCTIC OCEANGCRESAJIRILITIHEEH-QORARTIME GAIGCE
CONDITIONS ANDBIAROMBRBSES A SERIQUIRMEITING
AND THE REMOHHMRESAREA PRERENTSCALE REATIOR
CASE OF ACCHEENDS.OWINGAITMBH TEBESCROESTBABET
CHALLENGES FABRTTHE ORUISEYNNUSIE ARCTIC.

Whil e gl obal war mi ng’' s e Wiite mte beenrfalling rdmaabove Eotein 280 W88 h a s
sparked a huge interest in the prospect of ugiegArctic toursin 2013.This indicaesan increase in the size of the
shipping lanes as international transport corridors, littlesiting cruise shipswith 11 visits of vessels with over

focus has been placed on the Arctic crimskistry As the one thousand passengers in 2012 alone.

Arctic ice cover has been receding during the last feWhe amount of cruise shipping tourists visiting Greenland
decades, a significant increase in the number of passengarseased dramatically during the last decade; reaching a
aboard Artic cruise ships has occurred. This was

especially apparent between 2003 and 200fere the
annualnumber of passengers traveling to the Arctic aboa Svalbard

[2]

. . 2
cruise ships more than doubléAMSA, ?QO@, although 50000 60 8
the number of passengers has stabilized duringntec e o
) : ) ) 40000 \V 4 >

years(see figuresr.1 to 7.3). The Arctic cruise ships are 30000 / - 40 ©
generally small in comparison to the super large luxu 20000 / _________ 2
liners operating on the lower latitudes, carrying betwee oooo L 11eEBLLELL - 20E
50 and 400 passengers on each cruise (ibid.). A majority 0 4_,_/\/ 0 =

the Arctic cruisesships navigae the less remote and
generally ice free waters of Svalbatbe Northern Coast
of Norway and the west coast of Greenlahtbwever Number of Passengers (left axis)
somesmaller cruise ships have sailed as far as the No
Pole and the North West Passd@kstreng, et al., 2013)

Further, most cruise ships do not follow direct routes, b
often seek more remote locations for wildlife and natur =Number of ships with > 100 passengers (f

viewing purposes, regularly taking them through unchartqﬂgure 7.1: Number of passengers, crew and visits by

waters,(Johnston, et al., 2014) cruise ships in Svalbard (1997 2012)
Source: Sysselmannen.no

19971992001200200820072002011

Number of Crew (left axis)

== Number of cruises (right axis)

7.1.1 Past cruise shipping activities by area

The ice free waters of Svalbard and Greenland are tpeakof over 30 thousand persons in 20%ed figure 2).
primary destinationfor a majority of the cruise ships Especially the west coast of Greenland has seen a surge in
Cruise shipping tourist numbers to Svalbard has seencaiise ship activities. Between 2006 and 2008, the number
steady incrase the last 20 years and peaked in 2018f cruise ship port calls in western Greenland more than
reaching over 40 thousand persons, after a slight decredseibles increasing from 157 to 375 (AMSA, 2009).
the previous few yearsée figure7.1). While the number During the three consecutivears however, a reduction in

of passengerhasincreasd, the total numbers of cruise
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Figure 7.2: Cruise shipping passengers Vvisiting Figure 7.3: Annual number of voyages and vessels
Greenland (2003 2013) operating in the Canadian Arctic
Source: Statistics Greenland Source: Association of Arctic Cruise Shipping Operators
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the number of passenger was observed, dropping Tol.2 Arctic cruise shipping challenges
approximately 21 thousa in 2013 This indicats a Although thke Arctic cruiseshipping sector has seen an
dampening in the demand for cruise tourism seen in tlcrease in recent years, the sector faces a multitude of
previous years. Since 1990, regularly cruise expeditions ¢ballenges- especially regarding the safety mdssengers.
the Franz Josef Islands and the North Pole were offer@tie Arctic seas and coasts form a hazardous environment
with the aid of 5S0heePobedycnidae and the madase anavessals operating in the Arctic has
a number of voyages have been made to the Novagansequently increased the risk of major incidents. The
Zemlya Islands in the west and Wrangel Island in the Easature of these potential incidents facedchyise ships is
(Pashkevich & Stjernstrom, 2014ecently, however, the similar to those of normal cargo vessaételuding the risk
Russian provider of icebreaker servicRosatomflot, of sinking, grounding pollutions, disabling by collision,
announc e &0 UlettPabedyt wWwe ut d be fire éridrbescot grapulsioo (AMSA, 2009). With the
the Northern Sea Route to aid the increasing number afount of passengers aboard a cruise ship, however, the
transiting merchant vessels after 2015, although this wpstential for human casualties from such an incident are
l ater reversed w3oeetskiy tShy&iz niuchedeater ackingared to ordinary merchant vessels.
returned from repes earlier than expected and thereforédditionally, cruise ships often navigate close to the coast
continuing the North Pole cruises until 2080, 2014a) and ice edges in order to provide the passengers with
The continuation of the icebreaker escort service to theldlife viewing opportunities, thereby further increasing
North Pole after 2016 remains unclear but the redirectidhe risk of groundings and collisions with the ice. So far,
of the icebrear to the Northern Sea Route willthe Arctic cruise shippig industry has avoided major
effectively ending the prospect of Arctic cruise shipping tincidents and kept a good human safety profile

the ice filled waters of the North Pole. However several incidents have been reported in recent

Cargo shippingalong theNorth West Passage has bee,years..ln 1996 h e cru ise S hi P “Hansea
limited to community resupplywith a few transits the Simpson Strait in the Canadian Arctic, severely
however the cruise shipping industry has maintainecflamagmg thevessels fuel reservoirahich lead to all 153

significant presence in the Area. 23 commercial cruidgASSengers being evacuated dyyiergency helicoptein

ships have navigated the waters of the Canadian Arctic2007’ the Canadian crutse ship

approximately 20 hours after strikingn underwater ice
bglweeh 1984 and 2004 (AMSA, 2909!)t the §tart of t.he formation near the South Shetland Islands intauwtica.
millennia, the number of voyages in the CaaadArctic

All of the 145 passengers and crewere evacuated into

saw a drastic increase, with 22 planned voyages in 209]% boats being rescued after several hours in swero
alone. From 2006 the yearly number of voyages Stabiliz?@mperaturesb y the Norwegian Cruise

between 23 and 26 annual voyagéshnston, et al., 2014) alsooperating in tharea(NBC, 2007) Recently, in 2010,

before falling to 16 voyageis 2011 and 2012see figure the vessel Clipper Adventurer ran aground in the

7.3). Coronation Gulf in the North West Passage with 118
passengers and 69 crew members abo#rdsuffered
serious hull damageand was rescued bythe Canadian
Coast Guard i ceda wlicklycharigdhhe “ A




7 was within 500 kilometers of the distressed vegSwart “t wi nni ng” policy that the ve
& Dawson, 2011)In recent years the cruise ship vesselsafely rescue the crew and passengers from the MS
have been reported to travel increasingly further awagxplorer in a remote Antarctic regiddohnston, et al.,
from developed areadhis include destinations likehe 2014) Although such official guidelines and self
city of Qaanaaq in northern Greenland and remote are@gulatory measures have been establistiedguidelines
along the waters of the Canadian Arctiboth far away are not compulsory and opportunistic cruise ship operators
from sufficient emergency infrastructure (AMSA, 2009)are still able to provide voyages, with an unnecessary high
For example, the Canadian Coast Guard estimatesdegree of risk.

response time ofll hours for ocean going vessels in

distress in the waters of the Canadian Arctic which may 1.3 Possibilities for the Daaigimiedustry

easily be too late to prevent human death t@hnston, While a furtherexpansion in Arctic cruise shipping will

et al., 2014) Further, even if an incident should occurcreate opportunities for the maritime sector in general, the
within range of soh facilities, the sizable amount of Kingdom of Denmark has no cruise shipping industry and
passengeraboardcruisevesselswould strain the already the main beneficiaries are therefore likely to be the
limited amount of SAR assets.In addition to the countries with such an industry (NIRAS, 2014An
limitations in the current infrastructure, internationaincrease in the number ofrctic cruise tourists may,
regulations governing the Arctic cruise industeye however, create opportunities for the Danish industry not
lacking, yet improving. In 2014, the IMO agreed to adoptdiirectly related to cruise shipping especially around
the Polar Code, which creates specific requirements @reenland. These include the development of a service and
terms of construction & design, operations and manningxperience industry for passengers aboard the numerous
and equipment, for vessels operating in the two Polaruise ships arriving at Greenland, such as whale safari,
areas. Set to enter force in 201fie tPolar Code will be sea fishing and trips to smaller fjords. Further, the large
mandatory under the SOLAS and MARPOL conventions.number of passengers aboamiiise vessels results in a
Cruise shipping in the Arctic share many of the challengésgh potential for producers of safety equipment as well as
also faced by bulk and tanker shippihgweverimportant specialized stantly shps in case of emergen(ipid.).
differences do exist, resulting in the need for a focused amthie current infrastructure to support cruise tourism is
more appropriate management regime the future insufficient and the ports are generally too small to support
(Johnston, et al., 2014)The significant gaps in the the large vessels. Therefore significant investments are
regulation of the Arctic cruise industry has resulted imequired for the Arctic cruise shipping irgtrty to compete
several of the cruise ships lacking sufficient icevith contemporary destinations. Due to the inadequate
classification making them even more vulnerable to experience of the industry to support cruise tourism within
collisions with floating ice. Of the 88 cruise shipsthe Kingdom of Denmark, developing such experience and
introducedon the world markebetween 2000 and 2008, infrastructure capabilities may not prove feasible for the
only a small fraction is constructed to operate in Arctilndustry, gven the limited size of the Arctic cruise
conditions With further growth of the industrysome of shipping secto(ibid.).

thesevesselsmay be relocated to Arctic waters (AMSA,

2009). As a result of the limited international regulation of 1 4 Arctic cruise tourism: Overrated?

the sector, several cruise shipping operatove baughtto A further expansion of the number of companies offering
reduce the risk of human casualties, in case of incidemjfuises to the Arctic primarily depends on themand for
through networks oihdustry self-regulations and official this form of adventure as well as the uture of
guidelines such as the | Melopmert Gftihe drdcticCsea ick.0The fludeSlevél fg € r
ships operating in areas regul&iohe tcencerhirg oAttic SHpRing faAdc passénger € s
(OECD, 2008) An example of an industry seffoverning ships in particular, however, also play a role for the
initiatives is the Associain of Arctic Expeditions Cruise development of the industry. With the limited set of
Shipping Operators (AECO) for cruise operatorgsegulations currently activeraise ship owners are able to
navigating the waters of Svalbard, Jan Mayen anghsily divert open water vessels to arctic rouédiewing
GreenlandTheyaimto provideg u i d e fo enswgesthat’ the industry easily to expand the number of voyages
cruise tourism in the Arctic is carried out with the utmosturing the navigation seasoklowever, atightening of
consideraion of natural environment, local cultures, asthese regulations may easily result in some of the cruise
well as challenging safety hazards at sea and on”langhips being ineligible to operate in ice filled waters. The
(AECO, 2014). Additionally some cruise operatorsirctic cruise industryhas seen an increasethe number
incorporaé a policy of sailing in pairs when venturing of passengers during the last decabet has recently
deep into remote Arctic territories. It was auleof this  stagnatedA significant drop in the number of passengers
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Source: Scanpix / Iris

visiting Greenlandhas espcially been observeduring exaggeratedompared to realit{ibid.). Although different
the dramatic increase in the amount of Arctic cruises in tleholars project both positive and negative future scenarios
middle of the last decade, the industry was optimistic arfdr the Arctic cruise industry, a furtheeduction in the
projected further expansions in both the number dirctic ice cover will allow higher accessibility for the
passengers and vessels visiting the Arctic. According tndustry, potentially increasing the number of annual
AMSA (2009) the cruise ship industry considers the Arctivoyagesand destinations possibl€he activity seen in the
voyages to be an important and profitable serlice2008 past years indicate that the industry maintains an Arctic
the prices for an Arctic voyage wasiced between 2,900 presence #hough passenger numbers are still insignificant
and up to 55,000 USD per tickethe cruise shipping compared to no#rctic cruise shipping and it remains to
industry has indicated thétintends to expand its activities be seen if the industry will expand beyond the level
in the Arctig by increasing the amount of destinationspbserved during the last decade.

passengarand the season of operation (AMSA, 2009).

Additionally, Wergeland (2013) argues that the Arctic

cruise shipping tourisrhasgreat potential, but notehat

the market forArctic cruisesstill is a niche market

compared to the large tourist destinations such as the

Caribbea and the Mediterranean. The same conclusion

was reachedat a recent conference held in Ottawa

Canada, linked to the Arctic Councilvhere it was

established that the Arctic cruise indugtiigl not have the

same potential as the Caribbean and Mediterranean

(Shipping Watch, 2014c)

Based on the statistics pesged by AECO at the

conference,it was further established thahe growth

presented by the medias and analysts was highly

=
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AND SINDUSTRIES

The increasing accessibility of the Arctic Oceand the I Royal Arctic Lines transport cargo between the

corresponding increase in maritime activitieas created a settlements in Greenland but also has operation

market for several companies in the maritime sector within near Antarctica during the winter on the northern
hemisphere.

the Kingdom of Denmark. Several of these companies are

in a good position to benefit from the increased h ) " i loqisti q
. L rther mpani rren ratin isti n

developmentas the Danish fleet has a significant globa'I:u ef, companies —currently - operating fogistics - a

. . . supply servicesn the Arctic includeRoyal Arctic Line,
and arctic regionalpresence some already operating

around Greenland providing a unique base of experienc‘fjler.CtIC Base Supply, Martek and Blue Water Shipping.

. . . . However majority of th mpanies in th tor of
A majority of the maritime companies of tikéngdom of Owever, a majority of Ihe companies € sector 0

. - maritime traffic located in the Kingdom of Denmark are
Denmark are not engaged in activities related to the Arctic g

. . . currently not actively engaged in Arctic activiti€Ehese
at presentCompanies engaged in the Arcgtionly se a | . o i
. . include most of the major shipping firms such as Maersk,
modest contribution to the total company productjon

N . Torm, J. Lauritzen A/S and DFDS.
aroundten percent. For a few compani@sctic activities
provide the bulk of the operations, especially in the waters .
around Greenland.This chapter will introduce the 8.1.2 Alertness, towing and salvage

I . In the areas of alertness, towing and salyagenpanies
possibilities and challenge®rf the different sectors and =~ i g _ 4 p
. . . . within the Kingdom of Denmarkre experienced idl of
subsectors of the Danish maritime industmpainly . i
these service The area ofce-managemenprovides a lot

reviewing the findings of NIRAS (2014). The subsectors

of possibilities around resource extraction si®sch as
are those of the sea transport, the area of alertness, towmgIO

. . . . eneral ice surveillance, icebrealassistancend towing
salvage, maritime service, communication, surveillanc

emergencyequipment and finally maritime design. away drifting lcgbgrgs _V|I_<|ng supply ships are a
significant actorwithin this industry,cumrently active in

Russia Canadaand theBaltic Sea Smaller companies are

8.1.1 Sea Transport lso able to leverage their experience, li@eeenland
Of the five different sectors formulated by NIRAZ)14), aso_ _a €t _e erage . er-e pe_e c_e, © a_
Nkarltlme Solutions offering consulting in areas of ice

sea transport holds the greatest potential for the Danis
e " management.
maritime industry. The opportunities for sea transport ar1(_a . boat ist " | & i
. . o L win istan rt v nd i
linked to the trasit and destination voyages with oil, gas, owing - boatl ~ assistance,  suppo essels a ce

. . o . . managementctivities have a large arctic potential as a
minerals and even container logistieg the Arctic sea ice

. . . consequence of an increase in mining, offshoring and an
continues to decline at the current rate. Additionally q . ) . g 9
. . . increase in seaborne traffic. Towing boats are currently
opportunities are linked to supply activities to resource

extraction sites. Shipping companibased in Denmark operated by Svitzer and Viking Supply Shifssvagt is

operate a large and world spanning flaeith several of arother example of aDanishcompany deliering support

S . o : vesselsand stand byvesselsto offshore activities around
these being ice reinforced aadtivein the Arctic w
. . . reenland.
Sea transport companies located in the Kingdom @ _ _ .
L . The environmentathallenges derived by the offshoring
Denmark already operating in the Arctic are Norden A/S, . i . ) )
L . and mining sectors in the sensitive Arctic environment
Royal Arctic Line andNordic Bulk. _ _
have increased the need foenvironmental alertness.
Growth i the environmental focus has meant that

Svea Nord mine located in Svalbard. emergency response assets have been relocated to the
f  Nordic Bulk uses a model of sailing through the Arctic, especially Greenlandreenland Oil Rsponse is a

Avrctic shipping routes during summer while company owned by the Greenlandic governmenvtiile

operating in other ice infested waters when the [Esvagt also offers oil spill response services.

navigation seam ends in the high Arctic.

1 DS Norden is currently transporting coal from the




8.1.3 Maritime Service paint for operations in the icy water®dense Maritime 73
The growing maritime activities in the Arctic can cause afiechnology has deveped and designedoropellers for
increase in demand for the maritime sector in the areasdgfips navigating the Arctisvhereefficiency and strength
vessel servicing, supervision and maintenance. Omrre optimized for the conditions. Further, DESMI produce

[ R

Greenland and on the Faroe Islands lies the Nuuk Veepiimp and cooling systems for the of§hore industry %
and MEST shipyat are able to provide servicéd/hile in  These systems are as also relevant davironmental %
Denmarklays Karstensens shipyard, Vestergaard maritimaccidental equipmensuch as containment booms for th%
service and Orskov Groupall yards capable of servicing management of o#pills. E
and repairing vesels operating in the Arcti@dditionally LuJ
maritime servicing includes the approwaad classification 8.1.6 Challenges g
of ships arctic classification focusng on ice Suppliers and companies in the Kingdom of Denmark also

'_
reinforcement, equipment, safety and crew. DNV GL is tace numerous challenges in entering the Arctic Maritime

major company performing classifications on ships anihdustry — especially in relation to activitiesush as
currently holds a large share of classifications for vessaigsource extraction operations. The suppliers and shipping
operating in the Adtic. companies in the maritime sector have a severe lack of
competent experience in the Arctic environment. These
8.1.4 Communicatiawediance and safety equipmerbmpetences range from navigation in ice filled waters, to
In order to ensure the safe opemas in the Arctic how material and supiels are affeci by Arctic weather
sufficient communication surveillance and emergency conditions and ow to properly adapt tothe safety
equipmentmust be ensuredor vessels and platforms standards of the Polar Code. This lack of knowledge and
operating in the arctic water§his creates opportunities expertise translates into difficulties in establishing a
for suppliers to provide companies operating in the Arctipresence in theé\rctic maritime sector. Companies may
with specialized safety equipmenadapted to the face difficulties defining what factors need to be taking
environment. Viking Lifesaving Equipment and Hardingnto consideration, and where to obtain such information.
are presently amongst the largest companies in supplyiRgrther, the costs derived from entering the Arctic market
maritime s&ety products both offeing special products are often significant, due to vessels requiring ice
for ice filled waters Cobham Satcom and Lyngsg Marinereinforcement and specialized uggment suchas ant
are both Danish suppliers of navigation and winterization measuredacilities for securing sufficient

communication equipment. communication and lifesaving equipment. Lastly, entering
nonEuropean Union markets may provide a challenge for
8.1.5 Maritime Design companies of a limited size. Such challenges can be a

Arctic conditions requireecialized ships and platforms product ofboth national requirements of local production
able to withstand the sea ice and -gebo temperatures. or employment or technical barriers. These barriers are
This creates significant possibilities for shipyards andspecially apparent in the sectors of oil, mining and gas
engineer designcompanies within the Kingdom of extraction, where Danish companies have difficulties
Denmark. Although the building of ships have moved tbeing consideredis subsuppliers by themajor foreign
Asia in the last decades, a niche fail@ing, retrofitting resource extraction companies.

and cesigning specialized vessels, is still presdihis is

noticeable with standby vessels to the offshore industry

and smaller ice reinforced bulk and freight ships.

Karstensens Shipyard is an example of a yard producing

such spedéilized vesselsBoth OSkShiptech and Odense

Maritime Technology are two firms desigg ice

reinforcement retrofits and special purpose vessels with ice

reinforcement produced on a licence throughout the

world.

Further there is a considerable potenf@a suppliers of

equipmentand knowledgeto shipyards retrofitting and

building new vessels capable of operating in the Arctic.

Amongst theseis Hempel, whichprodu@s specialized
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POLITICAL STRARETBRERGIN@ELTNEISICREASONE EON
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OF THE PROCBEESTQENITITUTIONSNCREARRHMEERNAT
GOVERNANCE STRNCHURBREORYAEQ HE NOROMNEREF
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Historically, the world seas have beifficult to regulate, Work by the ArcticCouncil will be presented to illustrate
with a basic tension between regulation and freedoihe future trajectory of Arctic governance, considering the
presiding in all arguments of how to operationalize the segnvironmental impact and optimal utilization.

The first global maritime regimes were based on the notion

of “mr eddd he s e'century.fDefioet byt &1l WNRITED NATIONS TAW SEA

the Dutch jurist and philosopher Hugo Grotius, it arguel 1702, territorial waters were defined as a three nautical
that the sea is international territory and should allow fre@ile belt around thstates coastline. The range of cannons
seafaring trade without any restrictions. The countd&lefined this limit, as states could protect their claimed
argument as presented bythe Poruguese Serafim de territory (Vieira, 2003) Many maritime nations claimed

Freitas, claimed that the sea should be controlled by stafBet the threenile .belt wag insgfficient due to concgrns of
in 1625. This notion waa Portugueselaim to the sole p;)r:Iutlon, be>2aust|0n of f'_?: I;\_/e‘z’t,oik antq pr?tehctlli)n of ¢
rights for all trade with th Eas Indies(Vieira, 2003) ofher seabed resources. The first international challenge o

“freedom of the seas” was pr e
I%Iaiming jurisdiction over their continental shelf to protect

Understanding the basics of the international histori¢ ™ | ) T
tensions in regulation is important to understand thtgeIr natural resources. Many mmis made teritorial

relevant governance structures in the Arcti&rctic Ela|ms following t_h'si) c_reatmg |qtern§tlonal Fensmn
governance is created byaah of the Arctic regimes etween many neighboring countrigiinited Nations,

operatingwithin their own sphere of legibacy, due to the 2012)

differencesin scope andmandates(Stokke, 2013) The

first ratified global maritime regulation was the UnitedAs a result of the rising tensions, UNCLOS was created in
Nations Law of the Se&onvention(LOS Convention 1958 as a conventionto clearly define states territorial
also known as UNCLOSThis treaty defines theerritorial  boundaries. UNCLO®ead to four conventions concerning
boundariesof states and as a build in mechanism foissues of territorial disputesTerritorial Sea and the
settling territorial disputs. This function is highly Contiguous Zone, the High Seas, Fishing and
important for resource extraction industries it defines Conservation of the Living Resources of the High Seas
the jurisdiction of the Arctic states. The other globaland finallythe Coninental Shelf However this version of
mandated organizatio relevant for this case is the UNCLOS was not able to handtke swift technological
International Maritime Organization (IMO), which in 2014advances in resource collection of thé"2@ntury or the
ratified the Polar Code. This codarescribes minimum political tensions between Eastern and Western
operational principles for vessels in the polar waters, giveésuperpowers. A raegotiation of UNCLOS was done in
the challenges of drift ice and waters being mostl§960 which failed to achieve majority suppafitnited
uncharted. On the regional basis, the Arctic Counciations, 2012)

maintains a privileged position as the coordinating forum

for Arctic states. It adviseon different regional issues| n 1 9 6 7 Ambibsdddtoathe 2Jnited Nations again
with a vast range of stakeholdeénvolved in the process raised concerns of the tensions of sypewers rivalry,




pollution and the instability created bgabed disputes. He determined to be a natural prolongation of Greenland. T@S
called for 'an effective international regime over theclaim overlaps withlarge parts othe Russian claim, as
seabed and the ocean floor beyond a cleargfimtd Russia also considers the Lomonosov ridge as a
national jurisdiction. @ ) It is the only alternative by prolongation originating from the Russian coa$he §
which we can hope to avoid the escalating tension that willanishclaim also challengesome parts of the Canadian;

be inevitabé if the present situation is allowed toclaim. Major overlaps are primarily observed betweemg
continué (United Nations, 1967) these three countrielgading to a lengthy processdesess o©
sovereign right¢§Durham University, 2015) Q

<

The issue of seabed regulation resulted in-aegpotiation
of UNCLOS, creating a stable international process andla 2008 the five Artic coastal states signed the llulissat
dispute settlement mechanism. Thaird UNCLOS Declarationof Arctic Commitment, agreeing to use the
convention was adopted in 1982 after nine years efkisting multilateral bodies in the Arctidhe declaration
negotiation, revision and consolidation of earlier established that the stas would follow the legal
conventions. Describeldy the then UN Secretary Generalframework of UNCLOS to settle overlapping territorial
as possibly the most significant legal instrument of thelaims (llulissat Declaration, 2008)The Commission on
century, UNCLOS Il came iot force in 1994. The the Limits of the Continental ShdlELCS) will provide
convention became the first relahsisfor creating stable their recommendation on claims in the Arctic, as mandated
governance of the sea, containing characteristics of section 5 of UNCLOS. The verdict is to be used as
maritime operations and definition of states boundarigeundation for future bilateral negotiabs between the
(United Nations, 2012) coastal state@\yeng, 2015)

LOS is at this moment the only accepted internationalgrgenStaun from the DanisbefenseAcademyasserts
convention to define sovereign rights obastal tates, that Arctic stateswill continue to have a cooperative
defined by Part Il of LOS. It defines different zones off th@pproach to themaritime disputes, due to overall long
coast, each with different rights for national states over thherm interestin the geopolitical arena The Russian
waters. Article 3 in tb Conventiondefines the territorial motivation for Arctic development is the econorfortune
sea to 12 nautical miles from the baseline of the countrie$ resources in the Arctic, which they cannot extract
coastline, which gives the state full utilization of allwithout Western knowhow. Staun points out that
resources and the right to regulate any matters deenespecially Foreign Minister Sergej Lavrov has been
necessary. Article 33 on contiguous zonesvalstates to important for Russian Arctic policjpeinga proponent of
extend customs, fiscal, immigration or sanitary regulatiomultilateralism and a supporter thfe Arctic Council This
to a reach of 24 nautical miles (UNCLQ@&art II). allows for a peaceful rhetoric to achieve results in the
Arctic (Nyeng, 2015) The revenue related to Arctic
Due to major gas and oil reserydise legal debate in the activities have a large financial potentifar all Arctic
Arctic is concerned withthe right to extract resources states as territorial boundariewill determine countries
further than the 2éim offshore LOS convention provides rights for extraction of resourceBor firms the territorial
provisions ofto define theExclusive Econont Zone. dispute thus defines the legal framework togporations
These zones allowostal stateto claim the sovereign right act within.
to explore and exploit natural resources. The Exchusiv

Economic Zonecan range up to 200 nautical miles frorrg_z GLOBAL VESSELBANDAT

the baselineNCLOS, Aticle 57).
INTERNATIONALMMARITI

Coastal statesround theArctic can claim an extended

sovereignty of theunderwatercontinental sheff that are ORGANIZATION _
seen as a naturptolongationof their territory. Theclaim '€ LOS convention defines tsiers of statesn the sea
beyond 200 nautical miles from the baselisgossible if and in the creation of this was acknowledged that sea

the shelf can be defined asnatural prolongation of the Porders should have a minimal discriminatory effect
land territory UNCLOS, part V). ships This is important due to strategic waterways, where

some states alter thigght of innocentpassageTo provide
uniform standards for shippinthe International Maritime

The Danish territorial claims are a potent tapithe arctic Organization (IMO) is the only global institution with a

. . . dnandateto create minimum standards for sea operations.
due to thewide scope of the claim. Denmark has claimed ° L .
. . .. With the declining ice coverage, new water ways are being
the territory around the Lomonosov ridgas it is

opened up to Bw vesselsto transitthe risky Arctic

9.1.1 Arctic Territorial Disputes




76 waters.The IMO is therefore an important institution intherefoe impact resource extraction operatiopstentially

ARCTIC SHIRRIMGIERCIAL OPESRNINCH/

establishing how vessels should operate in thedersya increasing operational cogi$10, 2015)

using its ability of knowledgbuilding and norm

development around shippiti§tokke, 2013) The current conditions foArctic operations vary slightly
with the Canadian and Russi&ebreakerclassifications.

IMO was founded as the competent UN agency in 1948rticle 234 in UNCLOS allows stateso adopt non

Article 1 of the IMO gives the organization legitimacy to discriminatory laws and regulation for vessel navigation in

provide cooperation among governments, regardhg ice-covered areasThus the queson arises for Arctic

regulation and technical matters affecting internationahipping: $ould the new waterways be considetedbe

maritime activiies. This covers safetigsues navigation under costal sovereignty (suggested by Canada and

andthe prevention of maritime pollution from vessels. OnRussia) oras international navigation waterwaysPhe

top of this the organization is also a framework for legaPolar code provides a minimum standard, and the question

and administrative matters relating to tifiMO, 2015) remairs how it will be implemented.

The thee important global conventions bein@he

International Convention for the Safety of Life at Se%.3 REGIONAL FORU®ICEARONTIL

(SOLAS), the International Convention on Standards of

Training, Certification and Watch keeping for Seafarerghe first article in the founding declaration of the Arctic

(STCW) and the International Convention for theCounC|I defines the role as supporting sustainable

Prevention of Pollution from Ships (MARPOLJMO, Qevelopment of .the Arctic by focusing 0|.1 enV|r'onmentaI
2015) impact, economic development and soaciadll-being of

native inhabitant{Artic Council , 1996) Establishedn

- . . 996, the Arctic Council wasthe first multilateral forum
Building on their global expertise and mandate, the IM X : ,
o or Arctic states established by Canada, Denmark, Finland,
hasdevelopedthe Polar code, codifying aspects of polar

. . ; I(f{eland, Norwaythe Russian Federation, Swederdahe
vessel operations to reduce crew and environmental risk. T

provides specific requirements to vesseaigch aglesign, United States of America.

construction, equipment, operations and crew training. The ) . -
. . The Arctic Council was founded as knowledgebuilding
polar code has been amended in@LAS in November = " o .
|Qst|tut|on for publishing results and recommendations

2014, and environmental amendments to MARPOL wer lated to th ltiole chall f th ian
adopted in May 2016MO, 2015) related to the multiple challenges of the regiénmore

elaboratecommitment to the Arctic @uncil could not be

. . . . , agreed upon due to tléfferences obarved between states
Equipment requirements inclugkeotectiveclothing for all . o )
in the area ofmilitary security As Stokke observeghe

persons on board, icemovalkits, and a list of devices . i .
. : . : Arctic Councilwasfoundedto rebuild trustbetween Cold
adaptedfor the harsh climate. This spills over into the

X . o : . war enemiesn the Hgh Arctic. As a knowledgebuilding
design and construction, classifying ships into three dituti th it duced | ientifi
categories of ice class: medium fisar ice, thin firstyear nstitution, - the Tesults - produced are - purely  scientific,

ice and opetwater conditions less severe. This setgvhICh provides the institution with a high degree  of

requirements to the materials used; they must be legitimacy and credibility. Over timéhe Arctic Council

suitable forArctic operations, and the overall design tohas becone ~ the dominant forum for  Arctic

efficiently navigatethrough ice. Lastlythe operations and recommendationgStokke, 2013)

manning section sets requirements in the navigationa|

information ships must obtain and what crew training ighe primary stakeholders in the Arctiouncil are Arctic

required foroperations. The date of entry for the PolaFountnes, followed by the permanent participants and

Code is expectedo be 1 January 2017, where ShipSobservers States and participants ametive stakeholders

constructed before date of entry will be forced to compl9rOVIdIng in the council, providing inputs when topics are

at first investigation after 1 January 201810, 2015) within their domain. A series of spemahzed_ wgrkmg
groupssupport theproaessof the council, producing inputs

The implication of the PolarCode for Arctic vessels is a between the stattevel meetings.

wave of retrofitting and upgrading, necessswycomply i )
gheArctlc states hava permanent membership and every

with the new requirements. The cruise industry will b ) )
: . two years the chairmanship rotates between the seven
impacted by these rules, due to the extension of the

clothing requirements for all persons on board. Ice cla%ates' The responsibilitgf the chairmanship is hosting

. - ) ) . igh-level meetings betweeBenior Arctic officials, and
strengthening retrofitting will also rise, as there is now o

n . . . . .
regional code for all opetars to follow. Indirectly it will geFermmmg the ggal for the|r. respect!ve chalrmanshlp.
This allows the different Arctic countries to direct the
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Permanent Participants (indigenous peoples organizations)

Observers (countries and organizations)

ARCTIC GOVERUANT N

ARCTIC COUNCIL
| | |
ACAP AMAP CAFF EPPR PAME SDWG
Arcti Arctic . . ,
ctic Monitorin Conservation Emergency Protection of Sustainable
Contaminants K 2 of Arctic Prevention, the Arctic Development
Action an Flora and Preparedness Marine Working

Program Ass;sl:nment Fauna and Response Envirenment Group

Figure 9.1: Structure of the Arctic Council
(Arctic Council , 2015)

focusof the Arctic Council over timeljke the currehnUS  observersare also presented in this process, allowed to
charmanship being very explicit on reducing the impact ofnonitor the processEach of the working groups has a
black carbon particledRosen, 2015) To include all specific operational mandate, each with their own
stakeholders, theArctic indigenous groups have a chairman and management board. They include a
privilegedposition as a permanegpéarticipant allowingfor  multitude of stakeholders, but primarily representatives
consultation with these representatives in mattieas are from relevant government agencies of Arctic Council
relevant(Artic Council , 1996) member states and permanent participants. If deemed an
asset observestates and organizations are also allowed to
Article Three in the declarationprovides the right for attend, and working groups might invite external experts.
external parties to contribute to tAectic Councils work, The mandates of the respective wogk groups can be
given their expertise and knowledge relevant for thfound in the ministerial declaration, a product of the
c o u n avbrk. 'This includes no#rctic states, inter ministerial meetings. The six working groups are: Arctic
governmental or negovernmental organizationfArtic  Contaminants Action Program (ACAP), Arcticaviitoring
Council , 1996) Currently the twelve noArctic states and Assessment Progrd®MAP), Conservation of Arctic
with observer status are diverse, but can be classified irfffora and Fauna @&FF), Emergency Prevention,
an Asian and European cluster. Intergovernment®reparedness and Response (EPPR), Protection of the
organizations include: United Nation programsArctic Marine Environment (PAME) and Sustainable
environmental focus commissigrand other ministerial Development Working Group (SDWGQGArctic Council
institutions. Notably the Eugmean Uhion is applying to 2015)
obtain observer status, however they have not been
approvedoy all permanent members yédthe lastgrouping The Arctic Council working groups have produced several
of NGO observergonsistsof three segments: scientific, papers and recommendations since its establishment, like
environmental and social focus are@arctic council, the AMSA shipping report. CurrentitheAr ct i ¢ Counc
2011) working groups have developed two binding treaties,
ratified by theArctic states. The first agreement was the
9.3.1 Structure and Agreements of the Arctic Courfeifonautical and Maritime Search and Rescue agreement,
The Arctic sates meet in regular intervals to provide Which clearly defines SAR respongities for the Arctic
inputs to the topics worked with, allocatingsponsibilities States. This providesmore stability for stakeholder
to six working groups. Theermanent participants and Operations withirthe Arctic, as these responsibilities have
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2009, by a task force Uik consifiePafiochsInGVd folhe made SulfeR Byhiliafing *
Preparedies and Response” (EPRRIAcic ifes il dodpérdte ifh therituial280%
ministerid meeting declaration in Troms@arre, et al., PAME was tasked withdentifying future uncertaintiesn
2014) the Arctic future operationsUsing scenario planninghey

) ) ) produced a report coverin§cenarios on the Future of
The second agreement was signed in 2011, dealing WJ&IPctic Marine Navigation in 2050Inherent to scenario

Cooperation on Marine Oil Pollution Preparedness ar}ﬂanning,a multitude of stakeholdersrere included to

Response in the Arctic. Like the SA_R agreement, thl:?reate the reportp capturethe complexity of the Arctic
agreement mandates areas for Arctic states related etr(R/ironmen(PAME 2007)

solving potential oil pollution incidents.lt clearly

mandates monitoring of waters, notification of oil spillsy, projected resulted iffour narrativesof the future,

and the financial implications of oil spill cleanups. Due tQ ., .4 4 binary combination of the two uncertainties.

the very delicate environment of the Arctic, thisl’hese uncertainties are hard to predict and have a high

convention is crucial for the future protection of Arcticimpact on the future for Arctic operationsThese

wildiife (Arctic Council, 2015) uncertainties are then combined with whia¢ diterature
defines as predetermidge i.e. elements that are

MORE DEMAND

Arctic Race Arctic Saga

High demand and unstable
governance set the stage for
a “no holds barred” rush for
Arctic wealth and resources

High demand and stable
governance lead to a healthy
rate of development that
includes concern for the
preservation of Arctic ecosys-
tems and cultures.

L
(@]
<<
o
-
o

GOVERNANCE

aisveg-s3ainy
B 3719VLS

Polar Lows Polar Preserve

Low demand and stable
governance slow development
in the regions while introduc-
ing an extensive eco-preserve
with stringent ‘no-shipping
zones.'

Low demand and unstable
governance bring a murky
and under-developed future
for the Arctic.

RESOURCES

Figure 9.2: Arctic Marine Shipping Assessment
(Arctic Council, 2009)




predictable common to all narratives, andith a high between states. The AMSA scenario planning analys?g
impact on thduture. Scenario planning useful due to the exposes the multiple potential futures, whestable
articulation of four plausible scenarios, brainstorming angovernancen the region is optimal for all parties involved.
defining aspectsthat might not be obvious to the The biggest issues challenging stability are théatoeial
participants in the sta(Hitt, et al., 1998 ) disputes and how resources should be extrasadelyin
the very sensitive environment of thecfic frontier.
The first uncertainty defined was governance stability in
the Arctic(PAME, 2007) This aspect covers the aspect ofFor the different businessstakeholders, the future
how governance is created in the Arctic, either as drmamework will define the rules they operate within. Given<
unstable or stable structure. For the unstable rules, #ike current development of operational standards, business
Arctic countries will provide limited coherence betweershould get involved in the procestdevelopng standards
their respective national legislations. In a future scenarthat are feasible and protective of the environment.
of stable rulebased goverance, countries will cooperate Stability andcommitment to the governance regimes by
in developrent of rules, creating a levplaying field for industry and states will allow a uniform framework for
stakeholders in the nortfThe other uncertainty chosen stakeholders to operate under and for the Arctic to flourish.
was Resources and Trade, a representation for the demahés section does not seek to provide answers on how to
for Arctic resources in the global market pld@AME, operationalize in the Arctic, but for setkolders to
2007) Linked to the resource extractiordirstry, the focus understand that political structuresll affect them in the
is on how thedeveloping trends in the world economy,long run. Our mapping of stakeholders does not seek to
focusing on the demand for oil and other rare eartinderstand the interplay between the Arctic governance
minerals. If there is a high demand then firms wilirsn  structures, and future research should therefore target this.
“r aetkebot t om” given the governance framewor Kk
created by the Arctic Countries.

RCTIC GOVERUANT

The report concludes that multilateral stable rilased
governance is important for best Arctic preservation and
utilization. Governing trangationally allows for the best
preservation of the ecosysteas the legitimacy of the
boundaries are established by a wider group of
stakeholders. Likewise by using multilateral governance,
countries are able to providgable unified operating terms
for private companies ithe Arctic. This allows for higher
mobility of assets and equal standards. The first move
towards this can be seén the adaptation of the Polar
Code by Arctic countries. Having homogenous
benchmarks preserves the environment, which is
independent of thelemand for Arctic resourcd®AME,
2007)

9.5 SUMUP FOR STAKEHOLDERS

This mapping of political actors should provide readers
understanding of the global angkgional governance
structures active in the Arctic. UNCLOS influascstates
by allocating maritime rights and defining territorial
boundaries within the Arctic. The IM@asa legitimate
mandate to regulate vessel operatjoatowing them to
create the Polar coddexceptions to this begpractice
might still be presentue to Article 234 in UNCLOS
However, Arctic operators can hope for a better
harmonization of standards agesult of the Polar @de.
The Arctic Council has a regional focus and knowledge
building approach, providing recommendation for its
members in sedékg to secure corporative governance
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Figure 10.1: Cost per TEU ratio for he 10000 TEU vessel in the low warmisgenario

The total cost per TEU ratio of thevestment of 40000 TEU open water vessel to an 8000 TEU ice strengthened,
as a function of the investment year. The ratio is calculated in the low Arctic waso@ngriowith a discount factor of
percent A ratio above one indicates that tvéstment in the ice reinforced vessel is favorable.

Source Own Calculations
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Figure 10.2: Cost per TEU ratio for the @000 TEU vessel ratio in the higivarming scenario

The total cost per TEU ratio of the investment AD800 TEU open water vessel to an 8000 TEU ice strengthened,
as a function of the investment yeareThtio is calculated in the higArctic warming scenariavith a discount factor
7 percent. A ratio above one indicates that the investment in the ice reinforced vessel is favorable.

Source Own Calculations
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Figure 10.3: Cost per TEU ratio for thel5000 TEU vessel in the low warming scenario

The total cost per TEU ratio of the investment D800 TEU open water vessel to an 8000 TEU ice strengthened,
as a function of the investment yeareThtio is calculated in the lowrctic warming sceario with a discount factor of
percent. A ratio above one indicates that the investment in the ice reinforced vessel is favorable.

Source Own Calculations
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Figure 10.4: Cost per TEU ratio forthe 15000 TEU vessel in the high warming scenario

The total cost per TEU ratio of the investment @800 TEU open water vessel to an 8000 TEU ice strengthened,
as a function of the investment yeareThtio is calculated in the higArctic warming scenariowith a discount factor
7 percent. A ratio above one indicates that the investment in the ice reinforced vessel is favorable.

Source Own Calculations
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11 APPENDIX B: GUDDIEI
CALCULATION TOOL

The calculations presented in the liner shipping case study of chapter 4, are based on a calculation tool spegifically

CALCULATIC

designed to support the conclusions of the case studycaluiglation toolallows researchers and industry professionaE
to insertthe speffications of a givenvessel along with environmental and econonparametersn order to obtain
information on the feasibility of transporting containerized cargo alon§i8R. Specifically, the model allows the userg
to determine the year when the intraentin an ce reinbrced containership operating alotfte NSR during the E
navigation(and the SCRat other times)will become favorableomparedo an ordinary container ship solely operating%
on the SCRThis is done by calculating the total and anmu@dts per TEU of each vessel. These values are compared
resulting in a ratipwhich allowsfor the estimation of the critical point at which the costs per TEU of the ice reinforced
vessel becomes advantageous compared to the open waterthessalely perates on the SCHBased on thisthe
creation of detailed scenarioan helpto understand how different factors influence the feasibility of transport using the
NSR. Integrated into the calculation tool is the ship calculation tool made by Hans Qdtertéen which allows for the
determination of vessel fuel consumption given user determined values of speed, vessel engine size, engine type, capacity
utilization and hull specifications. This gives the calculation tool a high degree of prediction povler stith
maintaining significant customization optiorithe calculation toois available for download free of charge on the CBS

Maritime homepagehttp://www.cbs.dk/vidersamfundet/businesa-society/cbsmaritime/downloads

The following is a guideon howto successfully utilize the progrant includes a detaile@xplanation ofthe results,
layout and cells in which data can be entefidte user interface is divided into three sheets with the first being the front

page, the second page containing the major input as well as illustrating the results, and the third allowing for the

alterations of specific cost and time variableEBS '\l" COPENHAGEN BUSINESS SCHOOL
)

HANDELSHBJSKOLEN

Welcome to the online calculation tool for determining the Feasibility of

1 1 . lFRO NT% Investing in an Ice Reinforced Containership for Navigation along the NSR

Click on the image below to enter the calulation Tool

The front page serves as a brief introductipn

Introduction to the Calculation Tool

to the calculation tool and lists the econom
and environmental assumptions creating t

framework of the calculations behind th

model, along with a short description of th

Overview of Fuel Price Projection
and Scenarios

incorporated fuel price projeons.

The user initiates the calculation by clickinp | ::

on the picture located in the left sid

1%

columns.

14

The program will automatically redirect th

user to the inpuand result section afte

clicking on the picture.

Figure 11.1: Calculation tool front page
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TheRestilts page all ows the user to insert the primary var
col umn Ilnpu e lcloend a“i ns t he i ncpruspecify the primaryunputsrofethe velssels and reutes,
as well as financial valuations.

The results in the middle columns are divi ded Tdatahcbsd
perTEU , | i sti ng t hesnvdstmensin theyice @einforomdocentamership will become advantageous to that
of an ordinary open water vessel, me a s u Areuhl costs per DEUa |

lists the first year where the annual operation costsT#y of the ordinary containership exceeds those of the ice
Tikskation” h i a d
achieved from the middle section by listing both the ratios of the totahmmagal costs per TEU depending on the year,

reinforced vessel tshreec tiiioghtl abiedé edol"umns

of the two containerships examined.

Finally, this page features two buttons; trangebutton takes the user back to the Frpage, allowing for the selection

of a ship in another segment. Tgeenbutton tit e Advdnced Parametéts r edi rect s t he wuser

t wo

page where the user can change the values of different cost components for each of the vessels examined.

Feasibility of Investing in an Ice Reinforced Containership for Navigation along the NSR

Step T: Type your input in the yellow cells of the input section [Cells CT1 through C36)

Step 2: Read the earliest year where the i

in the ice reinf

d vessel is

d to the Drdinary Vessel

Step 3: Read the development of the ratios of the total costs per TEU as a function of the investment year

Input Results lllustrations
NSR Vessel Variables Value Total Cost per TEU Ratio of Total cost per TEU
Vessel Container Capacity [TE) 000| Los
Vessel Price ($50) 1E+08 '
Open'water Voyage Speed Along the NSR # ] Cost per TEU in earliest year of advantage F
Yoyage Speed on the SCR (knots) i Earlist Year of Advantagq z -
loe water speed (knots] o SCR Yessel foes  ———
SCR Yessel Yariables Value Low Fuel Price E ol —————
Vessel Contsiner Capacity (TEU) &000) 3
Standard Vessel Price ($S0) 60000000 E .
oyage Speed Along the SCR (knots) 15| [Medium Fuel Pric
0.8
NSR Route Yariables Value EEEE R L EE R T
P—rv—— sl | High Fuel Price R EEEEEEEEEEEEEEEEE T
istance nm) Year of Investment
loe water distance (nm) 121
Anrual navigation days in 2016 [days) 120)
Annual navigation day increase [days) 5| Annual Cost per TEU Ratio of Annual Cost per TEU
Part vizits per round trip NSA E| 12
LoadFactar MSR 2] &0 -
2i1s
C TEU i li f ad 5
SCR Route Variables Value arliest Year of Advantag ost per in earliest year of advantage Y
Distance SCR nm] ey SCR Yessel 3 .
Sros ——
Part vizits per round trip SCA 10| =
Load Factor SCR (4) 70| | Low Fuel Price 2053 452 150 E ot —
< —_—
5055 High Qil Price Scenaric
Valuation Value 2
Discount Factor () 7| Medium Fuel Price 2016 454 $UUS0 e
Capital Costs Interest Rate (4] 10} 0,85 Fpagejayuynyspuysyiayepayyigs uga papgs gups
Debt amartiazation [years) 5 High Fuel Price 208 559 8USD 253532355555 55532585558358
Year

11.2.1 Input section

The input section lists the values of the most vital primary and secondary variables required to calculate the optimal fuel

Figure 11.2: Calculation toolresults page

strategiesThe cells in which the user is encouraged to enter specific values are markedddguhgellow.

The input cells require the following input:




NSR vessel variables:

00)

5

C10: Enter the maximum TEU capacity of tlee reinforcedsessel measured in number of TEU.

C11: Enter the new building price of the ice reinforced vessel, measured in $USD.

CALCULATIC

C12 Enter heaverage sailing speed in the open water sections of the NSR measured.in knots

C13: Entertheaverage sailing speed of the ice reinforced vessel when voyagiBg&emeasured in knots

=A =4 =4 4 =4

C14: Enter heaverage sailing speed in the ice water section of the NSR, measured in knots

SCR vessel variables:

APPENDIX B: @NDERIEO

1 C17: Enter the maximum TEU capacity of thadinary (i.e. norice reinforcedyessel measured in TEU.
1 C18: Enterthe new building price of the ordinary vessel, measured in $USD.

1 C19 Entertheaverage sailing speed of the ordinary vessel, measured in knots

NSR Route Variables:

1 C22 Enter the average distance of the NSR, measured in nautical miles per voyage.

f  C23:Enter the average distance of ice covered witalsng the NSR, measured in nautical miles per voyage.

1 C24: Enter the amount of navigation days along the NSR in year 2016, measured in days.

I C25: Enter the annual increase in navigation days along the Mi8Ryaar 2016, measured in dagxample:
entering the value “37 wild.l result in an annual i nc

1 C26: Enter the amount of port visits of a round trip when navigating the NSR.

C27: Enter the average capacity utilization of the ice reinforced vessel when navigating the NSR, indicated by a

number from 0 to 100, where 100 indicates full utilization.

SCR Route variables:

1 C30: Enter the average distance of the SCR, measured in nautiealper voyage.
1 C3L1 Enter the amount of port visits of a round trip when navigating the SCR regardless of the vessel type.

I C32 Enter the average capacity utilization when navigating the SCR regardless of the vessel type (see C27).

Valuation:

I C35 Enter tie annual discount factor used for the calculations of the total cost per TEU as a function of
i nvest ment year, measured in percehtages (exampl e:

1 C36: Enter he annual interest rate used for determining the ardekdl payments of the investment in each of
the two vessel s, measured in percendages (exampl e:

1 C37: Enter the number of years over which the vessel investment costs are amortized, measured in years.

18 |ce covered waters means, in this case, parts of the NSR where the vessels has reduced speed due to ice, whether it |
fast ice, pack icegr small floes.
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11.2.2 ResulSectiormotal Cost per TEU

Theupper middle section in the range E9:H22 calculates the point in timethéttal costs per TEU of the investment

in theice strengthened vessslfavorableto the total costs per TEU of the investment in an open water vhasabiely

navigates the SCR. The earliest year where such an investment is advantageous is presented in column F, given the thre
different fuel price scenarios, while the corresponding total costs per TEU for the ordinary and ice reinforced vessels are
listed in columns G and H, respectively. If the investment does not become feasible prior to year 2036, the calculation
tool will report so and list the total costs per TEU for each vessel given an investment year of 2035; the latest investment

year possil@ given the timespan of this study.

A colour code is attached to each strategy in order to easily recognize how different input variables may change the

strategy rankings. The colour codes are as follows:

Investment is favourable before 203fdern).
Investment will not be favourable prior to 2038l

Total investment costs per TEU for the open water veesah@8.

= =4 =4 =4

Total investment costs per TEU for the ice reinforced ve Sl@@)(

11.2.3 Results Section: Annual Cost per TEU

The lower middle sectioin the range E25:H39 calculates whee annual costs per TEU of thiee strengthened vessel

will become favorable to those of the open water vessel that solely navigates the SCR. The earliest year where the annual
costs per TEU if the ordinary vessel egds those of the ice reinforced vessel is presented in column F, given the three
different fuel price scenarios, while the corresponding annual costs per TEU for the two vessels are presented in the
columns G and H, respectively. If the annual costs jiy ©f the ice reinforced vessel will not be lower than those of the
ordinary vessel prior to year 2060, the calculation tablreport so and list the total costs per TEU for each vessel in the

year of 2060; the latest operational year given the timesptuis study.

A colour code is attached to each of the cells in the middle columns, in order to easily recognize how different input

variables may change the feasibility of operating the ice reinforced vessel. These colour codes are as follows:

Annual cost per TEU is favourable before 20662€r).
Annual cost per TEU will not be favourable before 2CHill)(

Annual cost per TEU for the open water veseehiige.

= =4 =4 =4

Annual costs per TEU for the ice reinforced vesBEIg).

11.2.4 Graphical lllustrations

The results presented in the middle sectiomderived from thewo graphs on the right side columns which illustrates the

total and annual costs per TEU of the ice reinforced vessel relative to the open water vessel. More specifically, the upper
and lowe graphs illustrate the ratios of the cost per TEU comparisons (vertical axis) as a function of vessel investment

year and annual operational costs, respectively (horizontal axis), given the three different oil price scenarios incorporated




into the analys. These ratios are calculated by dividing the costs per TEU of the ordinary open water vessel wigve
costs per TEU of the ice reinforced vessel. A ratio above one therefore indicates that the costs per TEU of the ice

reinforced vessel are lower than $eoof the ordinary vessel and vice versa. Consequently, the point where the valte of

-
the curves exceeds values of one determines the first year where the investment or operation of the ice reinforcai:l vessel

<
results in a lower cost per TEU. O

=
11.3ADVANED SETTINGS E

T h Advanced Settingjs page all ows for the customization of t ha V &
of the two vessels examined. Additionally, the advanced settings allow for the alteration of values determinir% the
averagewait time when transiting the Suez Canal and the NSR. The input cells are all markgeliithand located in 5

the | eft side column whi ch | SpeatVariabtfs, Qrdinary VesseltChsise & llced ui‘t‘b s e

reinforced Vessel Cts

Finally, this page features two buttons; greenb ut t on Retwidn®lebullsd t“akes t he user back
and will include the user defined alterations to the variablesolidigeb ut t o n Reaebte Defagltd r‘eset s al |
variables on the sheet to their default values and formulas (this may be useful if the results show inconsistent results).
Several of the input cells include standard formulas for the calculation of the cost components that automatically
approximate realistic values based on the vessel sizes. The user is encouraged to overwrite these formulas by entering

predetermined values of the different cost components.

11.3.1 Speed Variables Advanced Settings
This section contains variables step 1: Change input of the variables below

Step 2: Insert retrofit cost value [either cost per engine size or absolute values)
Step 3: After entering the advanced settings click on the button "Return to Results™_

influencing the transit s®ed of

the two routes examined by|Speed Variables Value
Average waiting time Sucz Canal [days] 4
i i Avarage icebreaker waiting time [dapz) E
aIIOWIng the user to apprOXImate Annal icabreakir waiting time decreass (days) o)
the aVerage Wa|t|ng times Ordinary Yessel Cost Variables Value
Caantainer handling costs per TEU ($US0 per TEL) 100)
encountered by the vessels WhefRen e iuso per a4z73
Annual MER: Ordinary Wessel ($U50) ETE000)
H™ o nnual Inzurance Costs (UE0) S44000]
tranSItlng the Suez Canal and th Fainnual Craw Costz ($US0) 1200000
. Suez Canal Fes ($USD) 450505
ice covered waters of the NSR
Ice Strenthened Yessel Cost Yariables Value
The Changeable input el S| zantsiner handling costz per TEU [$USD per TEL) 100]
Pork Call Fee [$USD per Porteall] 34572
. . . . Annual MER 1ot Reinforasd Vessal [$USD) 1035000
require the fO“OW|ng |npUt- Arctic Insurance Surcharge ($USD) 1250000
Annual Crew Costs ($USD) 1200000
Suez Canal Fee ($USD0) 450505
End Season lesbreaker Fes ($USD) TTHETE|
Mlid Seazen lesbresker Foa [$L0) 515474

Figure 11.3: Calculation tool advanced settings page

C9: Enter he average waiting time encountered when transiting the Suez Canal, measured in days.
C10: Enter he average waiting time encountered wheiting for icebreaker assistance on thedogered part
of the NSR, measured in days.
1 C11: Enter he annual decrease in the average waiting time encountered when waiting for icebreaker assistance

on the icecovered part of the NSR, measured in days.
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8 11.3.2 Orihary Vessel Cost Components:
This section contains the default values of the variable and fixed cost components of the ordinary open water vessel,

allowing the user to change these into predetermined cost estimations. The changeable input cellseréojloreirly

input:

C14: The total cost of handling one TEU (loading and discharging), measusetsiD.

C15: Enter the costs incurred when calling at a port (berthing and towage), measured peitJRI call.
C16: Enter the annual maintenance and iepasts, measured in USD.

C17: Enter he annual insurance costseasured in USD.

C18: Enter the annual crew costs, measured in USD.

=A =4 =4 -4 -4 -4

C19: Enter the Suez Canal taf the ordinary vessgeimeasured in USD.

11.3.3 Ice Reinforéézssel CE@stimponents:
This section contains the default values of the variable and fixed cost components of the ice reinforced vessel, allowing

the user to change these into predetermined cost estimations. The changeable input cells require the following input:

C22: Enter thecost of handling one TEU (loading and discharging), measured in USD.

C23: Enter the costs incurred when calling at a port (berthing and towage), measured petyRi call.
C24: Enter the annual maintenance and repair cifdtse ice reinforced vesiseneasured in USD.

C25: Enter he annual insurance costs for the ice reinforced vessalsured in USD.

C26: Enter the annual crew cosibthe ice reinforced vesseheasured in USD.

C27: Enter the Suez Canal talf the ice reinforced vesseheasureih USD.

=A =4 =4 -4 -4 -4 -4

C28: Enter he icebreaker assistance theing the first and last NSR transit, where additional icebreaker service

is needed, measured in USD.

1 C29: Enter the icebreaker assistance fee during normal transits, where the vessel only required two zones of
icebreaker escort, measured in USD per gross tonnage.
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