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Abstract

Polar research vessare currently being planned or build by many nations engaged in
polarscience. Tisincludes for example the British newbuilding FFR®avid Attenborougind
I dza ( NJ Nayinarhe studyexploresthe field of Polar Research and Supply Ve{gRSV)
and investigate the possibilities of assessing their capabilitidsn exploratory research
approachis used to identifies sources of information and collects thentoira database.
Established modefor performance assessmeint the academic literaturare presented. Links
are drawnbetween those models PSRV characteristiesxd the research field. An adapted
model iscreated and applied on the data collectgmpviding the ability to assess capabilities
of PRSVThe assessment is based on the four aspects size, icebreaking, logistic and, science
each usingseveralattributes from the database to provide a nornsaid scorebetween 0 and
100. Data of ive PRSV arsedon this model and visuakd in a radar diagranResults show
general applicabilityof the modeland further development and refinement caesult ina

useful contribution forthis focussedesearcHield.

KeywordsExploratory Sudy, Polar Research an@upply Vessels Capability

Assessmenticebreaking, Science, Logistic
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1 Introduction

This Master Thesis in Maritime Commercial ManagemenhatUniversityof South
EasternrNorwaywas created out ofontentsof the progranme® courses and thauthor® main
interests and experience3he research field incorporates topics frahe study modulessShip

Design, Ship OperationResearch Methodsnd Maritime Economics

Currentlya new generation of modern polar research vessdiinched commissioned
or planned by mosnations that parttipate in polar exploratiorand science Germany is
planning the replacement of thRVPolarsternwith the newbuildingPolarstern ZBMBF, 2016)
the United Kingdom is currently buildinige Sir David Attenborougthich shall replace both
current and agingpolar support vesseRRSames Clark RoaesdRRErnest ShackletaiBritish
Antarctic Survey, 20175outh Korea an&outh Africa already finished building new vessels,
namedIBRVAraonand S.A. Agulhas tespectivelKOPRI, 2014; SANAP, 2082me applies
to the new Norwegian vess&V Kronprins Haakonvhich was delivered to Norway in the
beginning of 2018Havforsknings Institutet, 2018pther projects include a very ambitisand
cost intensive project of Australanewvessel,named RSWuying and the building of the
world most powerful nomuclear Icebreake€ECGSohn G. Diefenbakély CanaddAustralian

Antarctic Division, 2017b; CCG, 2018)

Despite this ppularity the term Polar ResearchVesseQis barely covered in the
literature and similamnotations are usednterchangeably. Th&VKronprins Haakois called
W L-g0ifg ResearchVS 3 31538 Q¢ St | a Wt 2 (Findantiers 854, N20IR;, + Sa
Mikelborg, 2015)! dza ( Ndevibdildim@i a LINBSASYiSR a WLOSONBI {A
Research VesgASRV]Knud E. Hansen A/S, 201af)d Germag (palar research flagship

RVPolarsterns A 0 f SR Wt 2 | NJ wS a(BlustJ2K 7)Fon(mtficatiaizkdagbrns + S & .
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and consistency during reading all typef vessels will beeferredto asWPolar Research and

Supply VessgPRSV) in this thesis.

The various notationgdicatethe vesse three main objectivesicebreaking, logistic
supply and marine scien@nd in some cases hint on their area of operatidhalso presents
the area of interest fom major part of this thesidMore information concerned with whthese

vesselsexist and who their operatorare, is presented in the next subsection.

1.1 Background

The Anarctic region ishome to major scientific operation€Especially te ongoing
climate change puts the Antarctic in the forefront of the research with ice sheets of more than
4 kmthickness a unique place to investigate the past climates of the earth and predict possible
changes for the future(BAS, 2015)For this logistic operations are needed where ice
strengthened vesselsreak through the ice untthey meet either theiberth or shelfice where

cargo is unloaded and transported to neasigtions.

Big project cargo likehe Germanresearchstation Neumayerlll was designed and
produced in Germany and then transported to the shedf in the Antarctica by the polar
researchand supply vesseRVPolarstern flagship of the German polar researd@ine @ombined
weight of the station and building equipment was 3,500 ton(®4/I, 2018)This ship does not
only supply the Antarctic station with food, spares and equipment but also conducts research
in the polar waters and cruisearctic waters in the Northern summer. It must cope with a

multitude of tasks and is designed according®d\VI, 2017)

This example shall highlight the dependency of many sta@md scientific projectsn
maritime support using specialist vessels. The ability to suppgarticular station with a

certain amount of supplies is a very important design criterion and might influence a final design
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of a newbuildingThus,the nations operating permanent stations on the Antarctic continent
are set as starting point for this investigatidiigurel visualizeghe identified actors on the

world map

Figurel. Countries maintaining yeaound AntarcticbasegNumbersshown) Data from CIA (201&nd COMNAP (2017)
Noteb ¢ KA&A 2yftée AyOfdzZRSa ol aRauntidlaghdsi KS O2y Ay Syid AGasStT FyR

On top of hat are the many newbuilding projects confronted with regulations that did
not exist when the old vessels were builue to this current popularityand the lack of
combined sources of information the author aims to createage which can be used asses
capabilities of current and plannd®RSVThis shalhelp to define tls group of vessebnd give

insights orkey characteristics.

Additionally, the author has a great interastthe field ofPRS\We took part on multiple
research cruisesboard German researclvesselswhere valuable insight into the way of
working were gainedrurthermore, hewasresponsible for a cruise into the arcpack ice for
seabed mapping and geological sampling where close coordinatioelmeaker and research

vesselwas required (Figure 2). Therefore, he acquired broad general knowledge about
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scientific instrumentsand methods applied in this regioit happenedon such cruiseswhere

the multifacetedroles and requirements became apparent asphrked curiosity.

Figure2: Finnishicebreaker Otso in the arctic drift ice bé&lbte:Bow form large bridge and helicoptefeatures very similar
to that of PRS\(SourceAuthor)

This interesin research cruises, icebreakers amgkrations in theArctic combined with
the news ofhewbuildingformed a naturabasis for the further investigation of PR&W their

multidisciplinary ifeld of operation.

1.2 Research Questions

This research is considerinthe present and plannedRSv and ways to assestheir

capabilities Thisleads to following primary research question:

What are the capabilities &#RS\and howcan they be assessed?
Forbetter structure the followingsecondary research questioase formuated:
a) What are characteristics ®/RSVand how manyesselsre there?

b) How arevesseperformancesassessed in the maritime indusiry

c) How canthe assessments bapplied to moderiPRSY

The aim for the primary research questionvi®fold. It shall identify key characteristics

of the groupof PRS\and use these tgrovide a basic modehat frames the group based on
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chosen criteriaThe research process shall atiscover areas of interest and show areas for

further investigationand later studies.

The secondary questions af@mulated to guide the narrative of this thesiShey are
treated in different parts of the thesis and are put intmlistic perspective together witthe

primary research question.

The vessel characteristics are gathered by a literagurevey utilising official vessel
registers building yard specifications and information frothe operatol@ and owne®
websites. Additional personalinquiries to respectiveship operators and usersnight add

additionalinformation. The resulting research field is showrFigure3.

~—
Research Field

~
Py g Y

PRSV Performance Assessment

~ ~
N =N N =N

Characteristics Missions Models Industry Examples
SN SN SN SN

Figure3. Research field

1.3 Outline

The thesis iorgansed in six chapters, including the IntroductionChaptertwo will
review academic literature on performance assessments for ships, presenting selected models
while underlining key findings. Chapttree covers the applied methodology and describes

the research process. Chapteyur presents results combining the presented models of
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Chaptertwo and the data collectediescribed inChapter three into an adapted modeand
applying it on selected vessel informationllectedduring the researclprocess Chapterfive
discusses the findings of the research and highlights limitatidhs.last chapter presents the
conclusion of this study anckecommendationdor further research. The structure and their

relationshigs are shownbelow.

Chapter 2:
Vessel Assessment Methods v v
4 Chapter 4: Chapter 5: Chapter 6:
v Results Discussion Conclusion
Chapter 3: 4 4 4
Methodology

Figure4. Thesis Structure
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2 Literature review on vessel performance assessments

The maritime industry useseveraldeveloped systemscatering different stakeholders
This chapter is concerned with the secondary research questitmw are vessel performances
assessed in the maritime industngéThe aim is to provide examples of modelsrently in use
in the industry or presented in the academic literatuiiéhis shdlhelp identifying important

steps and characteristics for the adaption of one or multiple approaches to PRSV.

A comprehensive introduction into the topic is given Bgnstsen and Nazir (2018)he
authors conducted diterature review onperformance assessment methods in the maritime
domainbased on foumajor segments within the industry: (pprt logistics, (2) ship handling,

(3) safety and (4) environment research.

Theyidentify four basic conepts on which performance assessments methods lwan

developed.
Bottom-up Top-down Hybrid Inadequate
Theory
Application Theory / Disconnected
Application
:
I
1
1
|
Data
Data Application / Disconnected
Application

Figure5. Four methods of performance assessméutapted from Ernstsen & Nazir (2018) p.73.

The bottomup approach tries to identify performance indicators (PIs) in a defined
application. The generated Pls might only be applicable to this specific frame but might be
widened for generic usage. T@lmwn approaches make use of already establishiedaliure,

frameworks or other kind of framing literature to evaluate the Pls of an operation. The



Polar Research and Supply Vesdstsrature review on vessel performance assessments 16

advantage using thiare the already fixed definitiog regulations or standardisations which
might add to the validity. The hybrid approach combines both huds by gathering data,
generating Pls and evaluating them with already defined assessment frameworks. This is
generally more resource intensive but might add needed flexibility and add validity to the
establishment of new frames. The fourth, inadequatgp®ach selects indicators on a highly
subjective basis, compromising the credibility, consistency and accuracy of the overall aim.

(Ernstsen & Nazir, 2018)

The followingsection presens examples of systems enodels and show the variety of
goals, purposes and areas of interefach is finished with a short summary including
considerations folPRSV. At first holistic models are presented whiidthen followed byone

concrete, established, industry example.

2.1 Sustainability Models

The topic of sustainable developmemngéceived international recognition with the
release ofthe book & h dzNJ / 2 Y'Y 2 jA 198 HmhidiN&sé became known as the
G . NHzy Rl f E(WREDWISSTR diviésa concludingdefinition for the term which states:

o X] develgpment that meets the needs of the present without compromising the ability of
future generations @ meet their owny S S R@4®)éThe sustainability concept is based on
three aspects Environmental sustainability, social sustainability and eotincsustainability.
The concept has sincbeen developed on and, naturally, differeqterspectiveswere
established General classificatiors given for example by Lozano (2008\vho identifies five

distinct categories



Polar Research and Supply Vesdstsrature review on vessel performance assessments 17

Q)/ 2y @SyGAz2yl t SO2 yrhi¥idan échromyidSidelvias it sa@Sthe
economicsustainabilityas growth and selfufficiency thus resulting in a limited scoped
neglecting the impact of economic activities on environment and societies.

(2) Nonrenvironmental degradation perspectivelrhefocusison scarcityof resourcesand that
they should be used without surpassing ithearrying capaciés. It considers negative
effects of industries and is mainly environmenfatused (Figure 6 ¢ Environmental
Aspects)

(3) Integrational perspective Here the aim is to integrate all three aspeatsa way that full
interaction is achievedHgure6 ¢ right side).Not allaspectsare treated equally inscope.
This can be visuakdin the Figure by having circles of different sizepresenting the
individual weightingFurthermore, timeis not considered in thigerspective.

(4) Inter-generational perspectiveThisis the first perspective that approaches the Brundtland
report quote (stated in the beginning of the sectipty considering theime with its
drawback being the lesser focus thre aspects itselthus laosing applicability for practical
activities This would add another, temporal, dimensionRmure6 and has been included
here.

(5) Holisticperspective Finallythe integrational (3) and integenerational (4) approadsare
combined Ittries to achieve balance il three aspecandthe temporal, short, medium,

and longterm perspective



Polar Research and Supply Vesdétsrature revew on vessel performance assessments 18

Environ.

Full Interaction
of all dimensions

Social Aspects

Economic

Figure6. Sustainability Dimensions and First Tier Sustainability EquilibAdapted fromLozano (2008)

This short introduction to sustainable development shall giv@werviewto the topic
and its main focpoints. The term is sometimes used interchangeably vetistainability but
the latter is concerned withthe ability to continue into the longerm future while the former
is concerned with achieving this goal of sustainabildMartin, Brannigan & Hall, 200p. 85)
The followingwo sections will present two related models for their intended application in the

maritime industry.

2.1.1 Sustainability Analysis of Ships

A holistic model(Type 5¢ Introduction Lis} for the sustainability analysis of ships is
presented byCabezafBasurko, Mesbahi and Moloney (2008hismeans it not only considers
the operational aspect of thehip but also includes the building, maintenanteepair and

decommissioninghase.

Theinitially stated definitionby WCED (1987} picked up again and adapted for this

specific casggiving a definition forsustainable shipping

A costeffective commecial activity, in which the environmental load is not bigger than

that which the environment can currently and in the future bear, and that the social
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community (directly and indirectlyln contact with is not being negatively affected.

(Cabeza®asurko et al., 2008, p. 3)

The basis for this analysis are drivers, indicators, indices, methods and techniques.
Drivers or parametey generate the impact, positive or negatjem one or more sustainability
dimensionsindicators are usetb describe a performance whereemslicesare used to combine
more thanone parameteto indicate a performancelechniques are used tmalyse or present
data, whereas methodare using one or mortechniques to achieve a certain go@él.abezas

Basurko et al., 2008)

This important sentence underlines the significance of all three pillars in this concept.
Toassesshe performances in each pillaifferent techniquesare used. The economic impact
utilisesLife GycleCosting (LCC) an@bst-HfectivenessAnalysis (CEAJhe environmentaimpact
uses themnvironmentallmpactAssessment (ElAamethodthat isregulated by the EU Directive
85/337/ EEGEU, 1985)or many business sectors and projects of largdes¢iowever, it is not
regulated for the maritime industry. Besides the environmentgbect this also covers a cost
analysis andocial impact investigation&lternatively,they propose a Life Cycle Assessment
(LCA) approackvhich is a standardised method to assess environmental impact during the
whole lifecycle. The technique gsvered n ISO 1404Q0SO, 2006)The final social, pillar uses
two methods that cover differentareas of the social field. A risk assessment covers the
structural safety of ships whereaSocial Impact Assessments (SIA) are concerned with

identification, quantification and estimation of impac{€abeza®asurko et al., 2008)
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P Preliminary DESIGN

| BUILDING I l OPERATION | lMAlNTENANCE&RF_PAlR | l DlSP(;SAL I
[ |

Life cycle evaluation loop

|
1 l Outfit H Engine IAmlfouling I l Cormissioning I Energy lUpgnde I I Disposal H Environmental I | Legisl /Regul IEduzatwn ] Awareness I Culture I

[[weste | [Cererey | [[copiat |[ opeming | [[aex M Dowatine | B
* 11 [ | [ [ [ l;] | [ ;l
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\
2 ENVIRONMENT COST SOCIAL
ANALYSIS Lietor; ANALYSIS LORRKEY ANALYSIS iy
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A e ==
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param. | | Assessment
4 s ) [iess J [Steas
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T
I ) )
Environmental Economical Social
performance performanc performan
]
Altemnative
AAAAAAAAAAAAAAAA PARAMETERS Noi(modly) isf 22 Final OUTFIT

Figure7. Holistic approach to maritime sustainabilifjaken fromCabezaBasurko et al. (2008, p..8)\ote: Author added
numbers to aideadability.

Everyaspectof the sustainability igepresented as an own tree witbwn impact
assessment strategieend outcomes.The approach is designed as iterative solution where a
preliminary design of aship, facility or projectis createdand isthen evaluatedon either the
complete lifecycle or oml parts of it. Afterwards the whole projects evaluated in detail.
Cabeza®asurko et al. (2008)ropose amethodologyconsisting of five stepgmarked with

numbers inFigure?):

(1) Itemisation of a specific system onboard@he ship needs to be split into subsystentsch
have individualsustainability impactExample:ballast water management, propulsion
system.

(2) Identification of impact parameters After all systens areitemised, individual life cycle
analyses are conducted and parameters are identified that impact the environment,
impacting safety angienerate a cost. Exampleeatment chemicaldor the ballast water
system.Due to the life cycle approhg¢analysing the same systemdifferent cycles will

produces different or additional parameters.
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(3) Creation ofan inventory and assessment of the datdhe data processing step where the
collected parameters are processed form indices and indicatorsExemplary impact
assessment methods that are used here are mentioned in the beginning of the chapter.

(4) Pollution, cost and social modellingNoncompulsory stp used to model sustainability
performancesn relating them toexternalmanagement and desigobjectives.

(5) Comparisonwith the established requirementsFinally,a multicriterion decisioamaking
step (MCDM) is used where obtained values evenpared with frames that are already
existing. This can b& K A LJ2 ¢oBtiN) igislation, rules in tharea of operation
political agendasr any other external framework that allows evaluatidrne outcome of
this decisionmaking is the evaluation if the chosen design is acceptable or not. If yes, it is
chosen as the design to pursue. If it is, raternative designs need to be created.

Summary.The presented model is a holistic approach to capture the wholeyiftée of

a ship inthe perspective othe three aspects ofustainability. Naturally this is a very complex

and labourintensiveapproach, very comparable to the hybrid methods mentione&igure5

as theapplied methodologyis developed from data and already present frames from the

practical applications. Relevant evaluation methodsd techniques are mentione@nd

relevant, already establishettameworks are pointed oufThe three dimensions abominant

in structuring the whole approach drry to cover all possibléactors that might influace the

design.

2.1.2 Sustainability Assessment of Marine Technologies

Basuko and Mesbahi (2014present a further develogd model (Figure8) for the
assessment afnarine technologiedt uses the same base, thre@lar sustaimbility approach
for assessment and expands the stage model presemt&ection2.1.1(Figure?). It is nowan

eightstepapproachwith an additionafirst Sopestep whichenables the limitation and framing
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of the study and shows boundarie&nother step wasincludedafter the modelling whichs
called Sustainability Inites These are the resdbf their respective sustainability dimension
modelling which mightequire addtional normalization to make them comparalite external
frames like evatual legislation limitsAfterwards step severWeightingis added which enables
the weighting of the indices according to legislation, usepolitical requirements(Basurko &

Mesbahi, 2014)

PSR eSS s e e e PRELININARY. DESIGN
—> Step 1. Scope ; I Scope
]
| SOCIAL
| ECONOMY
ENVIRONMENT
Impact vectors Impact vectors Impact vectors
—> Step 2. Vectors
P building operation end-of-life
[ ] ]
, v
—> Step 3. Data ! | Data collection )——) Inventory
—> Step 4, Assessment : | Assessment }—) Impacts
% -
—> Step 5. Modelling Design parameters —>| Modelling ’—) Models
A —
Step 6. Indices : [ Index of Env. Sust, ] [ Index of Eco. Sust, ] [ Index of Soc, Sust. ]
H ‘L Political priorities and goals
Step 7. Weighting ; [ Index of Sustainability | I Weighting l(—E Regulations and guidelines
! l User’s priorities
Step 8. MCOM : [ Decision making l
[ > No \l' Yes
1 Alternative design I <—{ Satisfactory? }—) FINAL DESIGN

Figure8. Methodology fotthe sustainability assessment of marine technologled. frames indicate added stef@ken from
Basurko and Mesbahi (2014, p. 157)

Summary. This model was intentionally selected from the same main author to
showcase the development that has been made and how the scales of the respectivés mode
interact with each other. The presented model candpplied to the holistic ship assessment
model in Figure7 step 2, to provide individual scores for the itemised ship components.

Nonetheless, theew option to weight prioritiegrovidesflexibility and the three addedteps
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improve clarity to the oserall processThe author fully recognizes the imgance of the

presented sustainability aspects andll refer to them at a later point (ChapterdResults).

2.2 Shipping KPI

After presenting theoretical complex and sophisticated modelsdision shallcreate
a contrast and show a practical example of performance assessBefdre the system is

introduced a generabverviewis given.

Key Performance Indicators (KPI) are frequently used throughouinthestries, and
even before they got the name theyate today values like revenue or sales were used to
measure performancedNowadays, lte field of KPIs is much more diverse measuring all kinds
of dataand operational areas but still have a general frame to which tweHyere,and their
main points areaccording tolssar and Navon (201&For improving operation performance,
YSIFadz2NBR YtLa&a> ySSRa G2 065 OR&thisiapplicatblBIMEDO dzNJ
(2018)adds that they must be observabéand quantifiable, sensitive to change, transparent
and eay to understand and robust to manipulatiow/ang and Hu (201¢)oint outthat having

KPIs that can be benchmarked to peers are extremely valuable@mds should be visible.

These key attributesre also usedn the Shipping KRystem, whichwas originally
developed and released in 2011 by InterManager, a eudgstry group and subsequently
taken over by BIMCO in 2018.Januar2018 the version 3.0 of the standard waanahed. Its
stated aims are: (1) boost internal performance improvements of companies active in ship
operation and (2) providing a platform on which performance can be communicated to internal

and external stakeholder¢BIMCO, 2018)
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SP wOverall performance
wExternal Stakeholder Information
KP| uEXpressions of performance in a
specific area, normalization
P| wDirectly observable
parameters

Figure9. BIMCGshipping KPI visualizatiohdapted from BIMCO (2018).

The system divides the indicators on three different levels. On the lowest level the
performance indicators (Pl) are found which primarily act as a dallactor. Thiscan be for
example the emittednass C@over the course of the voyagénother tracks the transport
work of a trip in ton milegnd both datasets are then combined and norrsedi in the form of
a key performance indicator (KPThe KPI for the mentioned Pl examples is theeff@iengy,
calculated by dividing emitted G@y the accumulatedton-miles. The normalization at this
stage results inanumberfrom G2 wmMnnX gAGK GKS F2NIN¥SNI 6SAY:
0SAYy3 W2dziadl y8reR mayhiSusdd fohthelcalcOEi 6f inultiple KPIs. The
top level is represented by shipping performance indicators (SPI) which are aimed to provide
information about overall performance in eight ared$iey are presented ifablel. (BIMCO,

2018)

Tablel. SPI Categories of BIMCO Shipping KP

SP|  Performance Contents

001 Environmental Ability to avoid spills, reduce environmental impact from emissions cau:
by ship operation.

002 Health and Safety Ability to manage health and safety of personnel onboard effectively.

003 HR Management Ability to manage personnel with reqompetencies to ensure safe and

efficient operations.
004 Navigational Safety Expression of safe navigation and absence of navigational deficiencies

005 Operational Operational effectiveness of the ship including passenger care, safe an
efficient cargdhandling, ship availability and budget adherence.

006  Security Ability to manage ship security.

007 Technical Ability to maintain ship, minimize number of condition of class and redu
failures of critical equipment and system.

008 Port State Control Expresses ability to handle port state control inspections and associate

corrective actions.
Note.Content adapted from Bimco (2018yakenfrom https://www.shippingkpi.org/book/pages/SPI#?kpiProfileld=1
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The KPI rating is done using the followmagmalization formula, where KRlgetis the

value that is achieving a rating of 100 and thevtRdyis the value that give a rating of zero.

l

Y

S50 ch)f)"o 00O
(VY Tt o AT
P )] O boLv O

This means that the boundaries of the performances are framed by the members of their group

and are nodepending on externalumbers.

The academic literature covers the shipping KPIs asiuell,, Bulut, Huang and Yoshida
(2012)focused on the generation of the SPI which is originally done using the unweighted
average. They propose aqeess to establish priorities of the KPIs using the quality function
RSLI 28YSyid O0vC50® ¢KAA | LIINRBIFOK FAYa (2 NBTf
weighting of the corresponding indicator§he study showed high variability in some SPI

categorieswith regard toperceived importance of their respective KPIs.

Park, Jo and Choi (2016) introduced the KPI method on dynamic positioning systems
(DPEDP) which might enable more accurate performance measurements on \&essdion

keeping and isikely applicable foPRSV as well.

Summary.Shipping KPI is a botteop system designed for ship operators and relevant
stakeholders with KPIs designed to aid this member group. A normalization of indices makes
scoreseasily comparable but also abstracts fréme original values. The final SPIs are grouped
in eight dimensions, covering the relevant activities. Due tahippingoriented focus, the
systemis very streamlined in one application. While the general concept is adaptable due to
the dimensionglesign adding specialist vessels to this model will probably not result in useful
benchmark results beyond some common indicators. The focus is also set on the operation and

does not include a life cycle approach concerning the building or dispbsadn also be
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referenced to the sustainability aspects where it covers all three to some ekigindisregards

the time aspecand mostly applisto the integrational perspective.

2.3 Capabilities and Performances

The reviewused the word performanceand capabity and at this point they need to be
further explained to put the study in perspective of the goal that is trying to be achidves.

field of defining capabilities, performance and resource is vagualaudissed a lofLu, 2007)

Hafeez, Zhang and Malak (2002yard capability as thability to make use of resources
to perform atask or activity A resource in that aspet anything tangible or intangible owned

by or acquired by a firm

This is a fittinglescription andalthough not defined for PRSW will be used to better
definethe scope of the researciihe capabilities are thus regadasWhat the vessel is able
to doQspecified in certain attributes that can mted and are very close or converging with
resources in some aspects of this study. An example is the scietifiigment on board of the
vessels which might be a resource by having a physical sensor on board but also enables the

vessel to take sampddrom 11,000 m water deptlq a capability.

Performances on the other harate more concerned with providingformation about
a process ovea periodas explained irsection2.2. Strand (2018summarizes this fittingly in
statingthat capabilities refer to attributes and can be answekeah itdo something@vhereas

performanceare a result of capabilities put to use.
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3 Research Methodology

This chapteshall inform about the overall researdesign. It will describe the chosen
methods, mentioning important limitationsinform about the research process and give

examples on decisions taken

3.1 Research Method

The presented research field is approached in form of an exploratory study. This
research design differs from traditional quantitative or qualitative approaches as it does not
aim to answer the working hypotheses or research questions in a precise antlisivac
manner but rather use it as a tool to discover new ideas and insight. The design needs to be
considerably more flexible and broadly defined. During the study the problem can be refined

and narrowed once relevant data has been sigh{&bthari, 2003)
Key charactastics are listed burbhi (2018)

(1) Research is conducted to formulate a problem for more clear investigation.
(2) The aim is the discovery of ideas and thoughts.
(3) The overall design is flexible in a way that multiple perspectives of the problanbea
investigated.
(4) The research process is rather unstructured.
(5) Sampling is purposive or judgemental in contrary to probability (random) sampling.
(6) It has no preplanned designs for analysis.
Data acquisition in exploratory studies is often considered unstructured and contains
personalcommunicationsunstructured interviewsis well as a survey of available primary and
secondary literatur¢Kothari, 2003; Surbhi, 2016)hree methods for data gathering are stated

by Kothari (2003)
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(1) The first is thesurvey of concerningdirature which is the review of already published work
concerning the problem. It can help to narrowing the research questions. Additionally,
attempts should be made connecting established concept and theories from different
research fields.

(2) The second méod is theExperience Survehich is concerned with contacting people that
have experience with the research field. It usually features longer interviews and a more
open interview structure. Such a survey might enable a more concise definition of the
research questions.

(3) The third method isthé y' I f & & A -4 @ X Y d2fA Iy & A WHA isfiftikg for akas &
with little experience that can guide the study. The research object or phenomenon is
intensely studiedusingexisting records, if available, unsctured interviewing or other
approaches. The main driver of this feature is the ability of the author to combine diverse
information of the research field into a unified interpretatiamd drawing conclusions and
recommendations from these connections.

This study will mostlpe focusedon approach (1) and (3), whereas the first is used to
research the field concerning performance assessm@sed in Gapter 2) and (3) is used to

investigate the PRSAnd combinghe resulting datanto an adaptel modelin Chapter4.

The core sentiment of explorative researclthat it needs to remain flexible so that

manyperspectives and facets can be considered if they are discov@ethari, 2003)

3.2 Methodological Validity

Validity is concerned witthe trustworthiness, utility and dependability of the study and
the author.(Zohrabi, 2013}t is also veryependenton theresearch instruments used which

are presentedn the next sedbn. JosephMaxwell (2009) as cited iviin (2011presents a seven
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point checklist thatries to counter threats to validityAs some points of the list only refer to

interviews the core points for this study alisted and commenteafterwards

(1) Intensive longterm involvement Togain a complete and idepth understand of the field
and its observations

(2) aw A O K & ToRilly dolerthe field observations

(3) Search for discrepant evidence and negative casestest rivalling explanation.

(4) Triangulaton. Collectdata about the same subjef@itom different sources

(5) Quasi statisticsDocument data in actual numbers instead of adjectives.

While it will not be possible to achieve perfect validity in this study, steps taken will be
present or referred to herePoint (1) is focused on the familiarisation of the author with the
research field which is a poinhat is covered much through the gsentation of work
experiences and prior assignments in this study (See Introduction and Section 3.5)th&hile
author is familiar with many concepts covering the general scope of the research field there will
always be specialist areas where assumptionstbe madeand limitations that will be placed
and detailed in Chapter 4 and Bhe research approach is still exploratory and tlusften
subject to a judgemental data collection process. To aid this a general franratifog of
sources isnentionedin SectiorB.7. Point (2)refers to the data used and acquired in this study.
The established database is bigger thia attributes used in the modelling approach aisd
also aimed at providing a wider perspective of the field that is studied I{8ex @Atabase in
Appendix 1, Model in Chapter 4). Points (3) and (4)cweelyrelated here aslue to the
research design conflicting sources and explanatappeared and decisions had to be made.
Triangulationshall be highlighted here as it was used to decon trustworthy sources and
which information to include. A detailed exampdepresented in SectioB.4.2 Point (5) can be

referred to the type of data that is acquired and how it is expressed in the databasevahis
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approacled by having a database containing detailed information about many attributes and
adjusting those only for the use in the developed model. These steps are covered in Section

3.4.3and4.3.

3.3 Research Instrum ents

The foundation is laid by a literature review, which is an essential component for most
topics. It creates hase uncovers knowledge gaps and stsalready saturated areas and helps
to identify topics to focus the current research on. It uses queries with keywords on scholarly
databases to uncover existing works and provides possibilities for forward and backward search
by investigation citations ahdividual works(Webster & Watson, 2002 he review is based
on the fact that science is a cumulative effort in which new knowledge is often created by

combining existing finding¢Brocke et al., 2009)

To conduct the research, databases or search engines can be used. Theindifger
type of information they offer, their creditability, their accessibility and stability of information.
While library databases have access to journal articles, magazines, newspapers books and more,
search engines will only find few of the free slarty journal articles and book snippets. They
are, however, very suited to inform about statistics, organizational websites, news and
educational content. Despite this content needs to be carefully checked for correctness and
pose a higher risk for misimfmation than peereviewed journal articlegReynolds Community

College, 2018)

The literature review concerns two parts of this studis main application is the
investigation of methods of vessels assaeat which are pesented inChapter2 but plays an
important role in finding additional information about PRSV for exampseigntific magazines

that cover these topics. Fahis the databaseSCOPUSNd the university librar SBIBSYS are
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used SCOPUR a database foabstract andcitation researchand can be used tanalyse and
visualize the research procedsshallprovide a comprehensive overview of research in the
worldwide perspective ofscience, technology, social sciences, medicine and arts and

humanities.(Elsevier B.V., 2017)

The exploratory part of the study will make extensive use of search engirlesate
PRSV and gather data. As mentiordxbve the correctness is often difficult &ssesand the

adapted process will be mentioned in the next chapter as well.

3.4 Data Collection

To guide and structure the followirgectiona proces<hart is providedvhich frames

the methodology.
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Starting point (1) Starting point (2) Starting point (3)
Assignment from studie Antarctic Scientific Bas Icebreakers
(Introduction & Ch 3.4.1 (Introduction & Ch 3.4.1 (Introduction & Ch 3.4.1

Polar Research and Supply Vessels (PRSV
oWhat are capabilities of PRSV and how can they be asséssed.

Literature Review: - .
Performance Assessment Capabilities Group Size
(Leading theme for investigation) (Frames study)
(Chapter 2)
Shipping industry examples Science (Equipment/Design) Present & Planned PRSV
Sustainability Logistics (Equipment/Design) Boundaries (Chapter
Capability & Performance Icebreaking (Specifications) Fringe cases
Key characteristics
Exploratory Research Approach
(Chapter 3)
Literature survey on: Ship owners,
ship operators, Classification Societies,
Newbuildings, Publications, Projects
Contact with: Operator, Owner, Designer
Model | Adapting with da Database
(Chapter 4) (Result of Chapter 3)
Network Rich data
Results of long term involvement Data that is collected but not yet used

FigurelO. Visualization of th&esearch ApproacNote: Network and Rich data are outside of the scope of this study but helped
to frame itStarting Points

Previous work done in this fielcreated thefirst starting pointfor the investigation of
PRSW Ly (KS O2 daNéabthokrderanlassighd@entIoyesenting four selected
research vessels (U&ermany, Norway an@hina)egardingtheir missions ad technology It

alsoprovided an overview of features and characteristi@fie corresponding titlés dModern

Polar Research Vessels: Overview, MissionsTauthnology (Miller & Kukkonen, 2016)t
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formed the basis for the formulation dhe secondary questioifa) and encouragedo delve

deeper intothis field.

The secondstarting pointwas given by the already presented scientifasesin the
Antarctic Chapter 1I¢ Figurel) which act as guide on which nations to focus the initsgarch

on.

The thirdstarting pointevolved fran the autho® interest in icebreakers arfdrmed
another entry point for theinvestigation on which icebreaker lists are investigated to find said
vesselsAn overviewof the major icebreakers of the world was published by the United States
Coast Guardn May 2017 It features 127 icebreakers above 10,00P, vessels below this
threshold are not includedUSCG, 201 Mhislist was skimmed for possible PRSV a6dvere
selected for investigation, by relating with prior knowledge, newsthedassignmentThey are
presented inFigurell below.
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Kronprins Haakon ~ Polar Support Vessel  Polar Suggon Vessel Aurora Borealis Polar Support Vessel  John G. Diefenbaker
(2017) (2019) (2020) (Estimated 2020) (2021) (2022)

Figure 11. Results from the major icebreaker chaNote: Adapted fromUSCG (2017White: Plannd, Yellow: Under
construction, Blue: 10,0020,000HP, Green: 20,0085,000HP.

This initially established informatiomeeded to be structurednd stored For this an
Excel databasgPresented in Appendix)was created The creationrwas a highly iteratie
process as informatioabout the PRSWaried greatly in quality and quantityrhis also led to
decisiors regarding abstraction of informatiorAcommon ground had to be established and

sometimes detailswere skipped asimilardetailedinformation werenot obtainable for other
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PRSVThis would have teto convolution of the databasand was avoidedA specific example

of thisare multibeam echo sounders (MBE®&}jich are installed onearly every P&/ but vay

in their used frequencies, depth rating data quality.Because of this the author decided to
changethe type of data from specific information Booleana G I G SYSy Ga 2F W, Sa
many attribute categories.Comments were still added in brackets where they were deemed
useful, but the mainfocus remained at surveying the field and following the exploratory

approach Detailedinformation caneasilybe gathered by following theeferences later on.

3.4.2 Existing databases and concerns of creditability

After havingdentified the scientific link téhe Antarctic the existence oflatabasesvas
assumed and sought after. Especially the European region was founel rioh in research
agreements andommon projects. One of these is the Eurofl@gsoject which has a vessel
database linked to isee eg. EurOcean (201%)It does alsgublish reports with information
about the current status of researchsgels and their foreseeable evolutiffeurofleets2, 2014)
As they wereclosely relategcross checks on the research vessels were perforrAgést on
the RV Polarsterrrevealeddifferencesin both documents. Whilgross tonnage is stated in the
database the reporhames itgross register tons, whiclere replaced by the former in 1969
(IMO, 2018) This might bean oversightand the difference ofl2,640 to 12,614 GT might be
caused by théwo years difference of the data ammbssibledrydock changefNonetheless, the
same comparison alssiates a crew complement of 29 in the report against 44 in the database.
This time this was identified as error as the database divided into officers (15) and rankings
(29). Readersf the report only might be surprisedf the low crewcomplementfor a 118m
long ship built inL982.Furthermore the report only states two cranes while the database has
three. The database details capacities of thé=rame while the report does not for thRV

Polarsten but lists it for similarfeatured vesselsThe author decided to add on®ore cross
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reference, using the operators website for the vesgilfredWegenerinstitut, 2017) The
webpage is generally more unspecifian both, the database and the repottut cortains
assumingly the most accuratsformation. Selected values were compared agadlime
endurance is stated as 80 days with a range of 19,000 nm. The datam820 days and 8,000
nm. The report does not state these values at Alh explanation or source of error about
deviations of this margimannotbe given.The operator AWI is only part of tHeurofleet®
project and not listed as member at Ew€an The project page of Eurofleédinks to the

EurOcean database for further csls.

While rich in information and useful dathese issues raised concerrcireditability and
reliability. Especially concerning were the tight relationspoésented examples and the

sometimes, enormoudeviations.

3.4.3 Database feeding

Figurel2shall aid to explain the proceasd steps mentionetielowrefer to this figure.
Thevesselsvere chosenin sequence, beginning with thosehere data was already present
from the prior work(Step 1) After selection data sairces were reviewedStep 2) Vessel
registries contain basic information (e.g. length, drafeadth, GT) wheredke official website
of the owning or operatingrganisatioroften resulted in plenty of information about all aspects
of the ship.Additionally, the building yrd and design companies were identified and searched
for data as well.Information about the design and building experiea@®uld be found in

magazinesnd technical journalas well

Because of the plethora of different sources data conflie#se found regularly where
stated values did not match. This was often encountered even in basic parameters like length,

draft and gross tonnagend wasexplained on a detailed example in Secti®8m.2. This
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accurately corresponds with the concerns stated in the beginning of this chapter regtrding
use of nonpeer reviewed materialTherefore,a hierarchyof credibility had to be established.
The first tier is always the information providedtwe vessel registries if data can be accessed.

Second are official operator and owner webpages as well as bwidesites for the current

VS60dAt RAYIQED ¢KS o0dAf RSNE 6SNB y2i O2y&ARS

refits in the annual dydocking periods. The third ti@ontained the rest of the sources.

(1) Identificationof PRSV|
Select new PRSV to revigw

(5) Completion

Finish information _
collection for PRS\ Sources, Evaluatiof

(2) Data Review

————————— 1
I (3) Comparision

| Add new attributes, | Data in database with

| complete for other PRSY new sources

Figurel2. Iterative work with the created vessel database

The found data was compared with data frétRS\alreadyin the list(Step 3)If there
was sufficient overlap with existingata fromentries in the database a neparameterwas
added(Step 4) This also included backtrackitigs kindof information for other vesseland
finalising the data entries for the ne®RRSV and modifying the old one with new attributes (Step
5). Due to this crosseferencingmost ofthe vessels were don@ sequenceAfterwards only
vesset with less information available remained and were added onto the then frozen

database This measathat no additionalparameterswould be added in the databasand only
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data matching the existing field would be acceptébe basis for the attributes are the research

vessels from UK, Norway, Germamnd Australia

3.4.4 Group boundary decisions

Working withthese vesselsevealedfringeson which some possible vessels would be
situated hovering between the collected data rangesRRVand oceanographic research
vesselsThe author had to decide onjadgemental basis which vessel to include avidch to
leave out. The decision was to base this on the polar clags®® 0 dzA.{OR VeI \iere
included due to the lack of this classfore its publishing in 2007. Vessels under polar class PC5
would not be included intdéhe database This valuevas chosen because it is the first one that
classifies the vessel for yesound operationin medium firstyear ice, while PC6 and 7 only
refer to summer/autumn operationdACS, 20067 hisresulted in the exclusion of theeruvian
newbuilding BARCarrascowhich only has polar class (BNV GL As2017a) Another, purely
judgemental observation was the absence of a typical icebreakerdsathas a shape normal
for not icegoing ocean sailing vessed additional criteriorwasthe featuring ofthe mission
and capabilitytrinity of science, logistics and icebreaking. Due to this the French polar in§titute
vesseFNg Q! a (i WaR éx¢ludléghs main mission did onstate defenceand support(IPEV,

2017)

Anotherboundaryis given by the transition from icebaker to PSRV. The CanadifdGS
John G. Diefenbaké&s a planned to be completed in 2020 and is much more powerful than
most of the other PRSV in the group w&MW propulsion power angtebreakingcapabilities
of 2.5m at 3 knots. The strikirfgature to still include it in the final list was the presence of a
large moonpool for scientifignstrumentation and other significant capabilitieand the

presence ologisticcapacities Still, the capabilities of the vessel are quite different from the
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other considered vesssbnd might influence the ability tassess the capability with the right

scale.

3.4.5 Further investigations

Besides this most websites offered also possibilities for direct contact. The UK,
Germany, USA and Norway were inquired by aliéhor usinge-mail in preparationfor this
thesis in November 201'/Addressed wereespective project managers scientific operators.
They were usually identified during data collection on the owner and operator homepHues.
Australian Antarctic Division states on its website titatlent inquiries will not be processed
due to workloadand thus was not approael by a generainquiry. The USAUSCG(lid not
reply. The Germascientific operatorAWI replied but was not alleed to release information
about their newbuilding projecRVPolarstern2 as tender award processes are ongoing until
Summer 2018. Full access to data concerning all areas would be possible afteffads.
Norwegian contacts replied as well but statedtht is probably not possible to support the
thesis with information due to very high work load of the project team. The v&de€tonprins
Haakonwas just conducting sea triails the Mediterranearby thetime of the inquiry.In the
meantime,a dedicatel website was setup which covers many of possible ship characteristic
guestionnairesand informs about the progress which could be usestead (UiT, HI & NPI,
2018) The British Antarctic Survey replied positive. Contact was established with the
Programme Managepf the newbuilding RRSir David Attenboroughvho provided data
proactively and allowd further insight into the design process, science (business) case and

preliminary usage plansDuring the course of this thesis the information were gisiblicly

LIdz6 f AEKSR FyR OFy 0 YBritisthAndectc SUvey23017) ' { Q 6506 & A
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Besides thedata that has been acquideto feed the database a lot of intangible
knowledgehas been collectedn the research fieldvhich does not directly fithe study@
202SOGAQGSa odzi KSf LA G2 WesdhpBanyfiglEThisincBdRSON LIA O
examples the considations for the awarding of ship time for science projects, the eess
planning keyparametersandtheSEA 8 1 Sy OS 2F AY(iSNH2OSNY YSy il ¢
to ships and reduce transit tim&esides this an extensive network could be established with
relevant personnel, mostly in thecientific area. Additional information directly related to the
ship(e.g. design reasons) are not included in the database but were still processed in the form
2 PRIV Profil€s g KA OK O2y il Ay otheQgsSelpraagried ang BisBdNY | (0 A ;
model (presented in the next chaptefhe intention is to provida link between the collected

data, the assessed capabilities in the model and the background girésentedPRSV.

Additionally,the author usedan opportunity to attend Oceanology International 28
in London This ¢ a tradeshow coveringcean technology and marine science and has live boat
demonstrations and a conference includ@deed Exhibitions Ltd., 2018}his proved to be
advantageous as Roloyce plc presented their designs of theBritish RRS Sir David
Attenboroughand the NorwegiarRV Kronprins Haakomhis helped nuancing the already
collected informationby adding minor details abowhip featuresfor example the moonpool
installations can be closed in the bottom to reduce underwater noisefaciibn. At the same
occasioncontact with the German ship operatérLaeisOHGwvasarranged. They operate the
German PRSV RV Polarstern in combnation with the main scientific user AWL Two
superintendents from F. Laeisz anglap and logistics operator from the A\Wovided some
basic insight into the management and highlighted tbatrently there is lack of performance

evaluation techrques for research vessel®Vhile there exist fewmetrics, most of the
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established shipping KPI standasdnot applicable due to the vastly different scopes and

mission profile of research vessels

Due to personahndwork-associatedelationspersonnelfrom other organisationlike
the International Hydrographic Organisation (IHO) amdearch vessel building project
managers also signalled willingness to provide data. Due to the very technical and scientific
backgrounds this was not uséid to not widen the scope of the study even motmit is

importantto mention to emphasize the networking effect of the exploratory approach.

3.4.6 Scientific database search

After the main data inquiryfor this part wascompleted a SCOPU@atabankquery has
been conductedThe first query was done independentiyne already obtained results and only
contained generaterms covering the topic with slight link to the third and fourth research
guestion as weél Many overlapping topics to arctic shipping and sea routes wereaggeso it
keywords containing wordseeFigurel3) related with these topics were inserted as exclusion
criteria. The search was limited to only display work publidiheah 1982onwardsonly, which
is the year thesecondoldest of the moderrPRSV, the GermarRVPolarstern was built.The

query is visuaded inFigurel3.

——

SCOPUS

Polar Research and Supply Vessel
————

- /\ . - .
( TITLABSKEY ( arctic OR polar OR ice OR antarctic OR arctic)

AND TITLEBSKEY ( icebreaker OR "Research Vessel" OR "Research
Ship" OR "Support Vessel" OR "Support Ship" OR vessel) AND NOT
TITLEABSKEY ( "Northern Sea Route” AND nsr AND nwp AND
shipping) ) AND PUBYEAR > 1981
v

Figurel3. Keywords used for the reseaf@id Polar Researadnd Supply Vessels.
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The query resulted in 7,445 documen&JOPUS34. April 2018 SCOPUdd allow post

KS NB

[e=N
QX

FAEGSNAYy3a 27 dzf & o0& &aStSOlAy3a (Seéeg2l

GwSaSl NOK SaasSfté¢ ¢Sl fittadSHe SpidioStRf the preséntedlisty 2 a
This limited he number to 588 documents. These documents were skimmed for vessel names
already present in the databas&his resulted in 17 documents related to their names which
were examined closeifter disregardingelevendocumentsbecause of other vessels or not

relevant research fields spublications remained that provided additional informatiabout

the vessels.

Table2. Overview of relevant publications

Author(s) PRSV Subject Area

(Sennet, 2017) Sir David Attenborough LI Battery propulsion
(International Ocean Systems, 2017) Sir David Attenborough General Characteristics
(Alexander, Duncan, Bose, Wilkes,  Aurora Australis Noise cancellatiorRhysics
Lewis & De Souza, 2014)

(Ishizawa & Kitagawa, 2007) Aurora Australis Cargo Transportation
(Berkson, DuPree, 2000) Healy General Information
(Dupree, Berkson, Osmer, Klingler & Healy General Information
Pond, 1999)

After this modestesult theapproach was reversednly stating the exact names of the vessels.

This had aurprising resultvhich is shown in the table below.

Table3. Publicatios per PR/

Nation PRSV Vessel related Publications Built
Canada John G Diefenbaker 1 ~2020
China Xuelong 4 1993
United Kingdom  James Clark Ross 43 1990
United Kingdom  Sir David Attenborough 3 ~2019
Germany Polarstern 677 1982
Japan Shirase ~40 2009
Norway Kronprins Haakon 2 2018
Russia Akademik Fedorov 38 1987
Russia Akademik Tryoshnikov 2 2011
South Africa S.A. Agulhas I 21 2012
South Korea Araon 44 2009

USA Healy 27 1997
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There are pblications stating théRSVin Polarster® casesven invery high numbers.
The topics of those works are rarely relatediie vesses$, barring some presentations aboat
YySgodzZhif RAy3aQa OF LI oAf Ale ISy Rguhgs@biie this htlingA 2 v a
was interesting it did not fit the primary scope of the work and was not furfieiowed,
nonetheless a link to the field will bestablished in the conclusions chapi&s it contained
information that correspond with insights obtained during the talks with F. LaeiszaDH@
Ol:London 2018 (se®ection3.4.5. Afterwards the data collection wasompleted,and focus
was set on the development of a model and its application which will be presented in the

following chapter.
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4 Results

43

The introdwction presented a figure showing th&ntarctic bases that formedne

starting point for the investigation toward3RSVThis figure ipicked up and used to visualize

the findings The corresponding PRSV are listedaile4 below.

Figurel4. Visualizatiorthe PRSV result$reen: Antarctic Scientific Base and PRSV preGee¢n striped: Only PSRV present,
Blue: Antarctic Scientific Bageesent, Orange: Base and Vessa#lich dd not meet set criteria andre part of regular
oceanographic research vessel

Table4. List of PRSV.

# Nation Name Built

1 Australia AuroraAustralis 1989
2 Australia Nuyina ~2020
3 Argentina Alimirante Irizar 1978 (Refit 2002017)
4 Canada John (Miefenbaker ~2020
5 China Xue Long 1993
6 China Xue Long 2 2019
7 Chile Antarctica 1 ~2021-22
8 Germany Polarstern 1982
9 Japan Shirase 2009
10 Norway Kronprins Haakon 2018
11 Russia Akademik Fedorov 2011
12 Russia Akademik Tryoshnikov 2012
13 South Africa S.A. Agulhas I 2012
14 South Korea Araon 2009
15 United Kingdom James Clark Ross 1990
16 United Kingdom Ernest Shackleton 1995
17 United Kingdom Sir David Attenborough ~2019
18 USA Healy 1997
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In total 18 vessels weréncluded in thefinal listand used as frame for data collection.
Based orthose, 57 attributes were established This ranges from basic fields with information
like name, built date, IM@umber to scientific capabilities likeonars, coring and drilling
capacities, to logistical capabilities like cargo hold volume, cranes and tender assets to
icebreakingperformances and enginand propulsion setupDue to the exploratory nature of
the study the collected data is far wider thaime scope finally used to answer the primary
research question. Thehosenship parameters are presented iAppendix 4 with short

descriptions andinks tothe literature forfurther reading

4.1 Model for PRSV capability assessment

A model § proposed to answer the fourth sufuestion specificaltyHow can the

performance assessments be appliechtodern PRSV?

It usesan adapted concept fronBasurko and Mesbahi (2014nhd BIMCO (2018as
presentedin Chapter 2 It isvisualisedn Figurel5. Both modelsare charactersed by multiple
dimensions, oraspects in which unique final scosewere calculatedto inform about the
respective performancelheydiffer in their scopes and abstraction, wheretige sustainability
assessment models are very genaatl universally applicabléhe Shipping KR$ an applied
assessment for performance@smaritime shippingThedeveloped model is situated between
both in terms of abstraction It can also be seen as an applied approach fResuko and
Mesbahi (2014) The here establishedaspects are Icebreaking, Logistics and Science,
establishedafter the three main purposes and mission$&SVAdditionally the fourth aspect,
Sze, wasincludedto reflect a sense of scalinigp the model Section4.2 will present them in

more detailed form.
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This does not follow the sustainabyliaspectan the same manner as the presented
methodologiesand this first attempt oEomparisoris mostlyfocusedon the economical aspect,
which is not necessarily expressed in monetary numbers. Social aspects wareasbigated,

and environmental ones amather subtle integrated into basic capability attributes but are also

not considered separately.

Step 1: Scope

> Step 2: Attributes

45

Assessment: Capabilities of PRSV

[

Database
(Appendix 1)

Step 3: Data

» Step 4: Assessment

Step 5: Indices

Step 6: Presentation

Alternative Attributes / Assessment Method

Figurelb. Capability Assessment dR®/.Adapted fromBasurko and Mesbahi (2014id BIMCO (2018)

For streamlining theapproach,the model starts with defining the scope of the

assessment which the topic of the thesis and its primary research question.

Sizs
Science
i Logistic
Icebreaking
Attributes Assignment
— — Optional: Weighting
) 4
— 1 — Datafeed — ¥  Adjusted Database (Section 4.1 & 4.2)
\ 4 |
Assessment (Section 4.1 & 4.2)
Icebreaking Logistic Science Reference
Capability Capability Capability Size
4-Aspect Mapping (Section 4.2)
No Yes
. Apply to
?
Satisfactory? other PSRV
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Afterwards separate aspects or dimensions are generated which were described in the
beginningof the chapter. These are now assigned corresponding attréi8eep 2}that fit the

purpose not all collected attributes may be incorporated into the aspect.

Then, data from the database is assigned to the chosen attribAgisistments to the
data might be necessary to allow assessmeatstep that is detailed iSection4.3. Some
attributes have been collected as a Boolean type (Is the type of equipment present or not)
whereas other parameters were collected in numericahfde.g.Propulsionpower and level

icebreaking).

The assessment (Step 4) will vary slightly depending on the type of data that is collected.
Most will be assessed usirtige averaging methodThis is especially true fBooleantype data
that is used ingroups. Others are calculated using the normalizatioantioned at the
presentation of the Shipping KPI modeBection2.3. This uses maximum and minimum values
from the PRSYb normalize the specific attributes value in relation to its grolfiphe asgcts
had sub-groups respective score are weighted according to the number of attributes
corresponding with this score.

The result are three indices being a number between 0 and 100, indicating the degree

of sophistication or capability in the respectivear

4.2 Presentation of the four aspects

Icebreaking capabilityThe first aspectontains three attributesltce class, icebreaking
and propulsion power. Ice class isiamerical representation of the polar classes adapted to
the group of PSRV, this means the boundaries are set by the maximum and minimum polar class
or equivalent of thenvestigated vessels. Because of this the maximum value is 2 and minimum

6.Deciding @ equivalent values is a process presentetth@nextSection4.3). The icebreaking
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refers to the thickness of level ice they PSRV can break by going a certain speed, usually
between 2 and 5 knotshis also often includes a sndayer on topwhich has not been noted

in the databases. The performance is the speed before the vessel needs to engage in ramming
operation In this applicatioronly considershe thickness ofevel icebreaking and does not take

the individual speed int@ccount.The propulsion power ialso considered here as the polar
class notation itself does not take this in considerafdgseth & Bertelsen, 20143tated values

are explicit targeted at propulsion and not general output of the engifdk.values are
normalised using the minimunand maximum and the final score is calculated by averaging the

three subscores.

Scientific capability The category with the highest number of attributes, mostly
aggregated in the Boolean formalt containsinformation about scientific equipment (11
attributes) that is present on the vessel and includes a second part, listing vessel spétifics
attributes)like the presence of a moonpoalynamic positioning systems, drop keels, ROVs and
AUVs. Finally, the laboratory spacesi evaluatedby comparing the sizes (m?petailed
informationabout this metric are given in the neRection(4.3). The three individual scores are

weighted according to their number of attribut@sd combined into a final score.

Logistic capability.This category has many potential attributes but only omleich
delivered consistent informatigrthe cargo hold volumegiven in m3Additionally,a second
consideration in this aspect are the TE&pacity which is stated for some, but not all PSRV.
Additional considerationsere givenextra cargo tendershelicopter capacityadditional holds
for aviation or base fuehnd cranesGenerallythe information in this area where often too

unspecific tdbe applied in calculations.
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Size Initially the model was only concerned witte three mainaspectsput the results
were lackinga way of puttinghemin perspective, thus this aspect was added. Idahlygross
tonnage would be a fitting reflection of most interior spaces. Unfortunately, some
y' S & 0 dzA fdiR hoy Ba@edthis information yet and substutes had to be taken into
consideration.Displacement andhe basic dimensions were considered. As displacement is
rather a measure of weight than sitevas discardedThis was also influenced by the different
icebreaker design which naturally feature heavy steel plating but some PRSV like the
RVPolarsternare also built with a double hull, increasing the weight furthigre find method
for assessmerit the creation of individual scales for length, breadth and depthnormalsed
way and assessing the final score afterwards by averaging the three resulting values. Creating a

volume by multiplication did not seem to reflect the special hull formaniappropriate way.

The followingsection will focus on the data and the adjustments that had to be made

for their application in the model.

4.3 Database attribute adaption

To usesome attributes in the model the values had to be mademparable One
important part was the ice class of the vessel whishaimed to be stated in polar classes
another important one is the laboratory spac&therattributes neededadaptionas well and

selected, importanbnes are presented in thiSection

Laboratory spacesThis attributehas a large variation of detaifor the investigated
vessel. Someting only total area is given whereas othsourcespresent all laboratories on
the PRSV in detain rare cases laboratories were only mentioned and neither presented nor
detailed. The spaces are an importantiterion for research vessels and have been studied

before, relatingt with other features like deck spacehip noiser accommodationgSubbaiah,
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Sai & Suresh, 2016Yhe resulting importancef the spacess reflected in tre modd by
including absolute numbersThe following assumptions arecreated to transform the
information into comparable numbers:
(6) The size of a single laboratory is seR@@m? if no other figures are given.
(7) Containersed lab spaces are calculatedlas5m? per TEU.

This shall help defining a basis for the comparison of the spaces, limitations of this are

highlighted inSection 5.2.

Ice classesAnother very importantattribute is the ice class of the PRSV. In 20G¥
Polar Classes were publishedtine IACS in an attempt to uniformize the various ice classing
rules and regulationACS, 2006Directcomparisons very difficulbbecaug ofvarying criteria
in these rulesSome classifications consider engine power, others ardotigedon structural
strength. The polar class wadeveloped ly experts in the field of all major ice classifications,
thus it presentsa suited way to compare PR§Maley, D14) An attempted visualization is
presented inFigurel6 and itmustbe highlighted that comparisons are only possible on a case
by case basis and should not be applied in a gersethlivay.Vessels that needed adjusting
were RS\Aurora Australig1AS Baltic Classed)V Xue Long1AS Baltic Classe®RXErnest
Shackleton(1A1 BQ, RV Polarstern(Arc3 GL) I, Akademik FedoroyArc 7¢ Russian Reg),
Akademik Trgshnikov(Arc 7¢ RR)and IBRVAraon (PLLO DNV). This substantiahumber of
vessels madeonsideration regarding the ice class and their conversation mandatory but due

to the very technicahature of the topiccannotbe covered in full in this study



Polar Research and Supply Vesdeésults 50

POLAR-30 —
AS
CACT—+ AC3 — POLAR-20 <+
Pl = cacz—+ AC2
Ad ==
Y9
Arcd—r-
2+ | cacs4 AC1.5 - POLAR-10—= AS -
™e Arc3—— ICE-15
pr3 - CACA—- Are2——
RY7 CASPPR JCE-10 A2 4
(Regulations
of Canada) ACY ==
Lloyd’s
PCA 4 J
Arcl == Register
Y6 Germanischer ==
Lioyd
pes - ICE-05 -
Det Norshe
Veritas
- AQ ==
PCE
1A Super —— BO —+—
pc7 -
Y4 —+—— Polar classes A = S
(IACS UR Draft)
18—
Y3 oo ==
American
Bureau
of Shipping
w2 h [ 1
Russian Baltic classes
Register ( Finnish-Sweden rules)

Figurel6. Comparisorbetween rules for ice strengtheninged frame shows the range of the PSRaken fromNyseth and
Bertelsen (2014)riginally created by Krylov Institute in St. Petersburg

Dynamic positioning.Dynamic positioning capabilities are subject to evaluation and
framingby classification societies. THdO (1994 )proposed three equipment classes based on
redundancy.

1 Equipment Class 1: No redundancy. Single fault can lead to loss of position.
1 Equipment Class 2: Redundancy. No single fault of active components or systems will lead

to positioning loss. (Components like cables, pipes, valves are allowed to cause this)
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1 Equipment Class 3: Class 2 but also must withstand fire or flooding in any rtorapta

without system failure.

Table5. DP Class comparison.

IMO DP Class ABS class LRSass DNVdass

- DPSO DP (CM) DPS 0 DYNP@®ITS
Class 1 DPS1 DP (AM) DPS 1 DYNPAYT
Class 2 DP&2 DP (AA) DPS 2 DYNPAYTR
Class 3 DPS3 DP (AAA) DPS 3 DYNP@®ITRO

Note: Taken fronGiddingg2013)

This informationcould be collected reliabljor most vessel but the influence on the actual
capabilities of the vessel fmo the classes is raigely minor as they are mostly concerned with
reliability instead of accuracy of position. Because of this the detailed information in the
database were reduced to Boolean type for the assessment.

Other attributes. During data colle@dn many information where split up with the aim
to categorize as much as possible. This leadttidbutes that are hard to see as defining any
more. Thebiological nets and trawling gear were initially kept as separate entries but as neither
of the objeds is fixed to a specific vessel and rather dependant on the available winches they
were combined into one for the scientific evaluation. Sim#teps were taken with the
acoustical instrumentation wheréd KS | G GNA6dz0 S W{ 2y |l NRerabdand RSt ¢

different sources referred to different type of instrumentation.

4.4 Application of the model

ThisSectionwill present the developed model on five ships with the most complete
information in the databaselt features the RSYAurora AustralisRSWuyina, RRSSir David
Attenborough RVPolarsternand RVKronprins HaakarTheselectedattributes for evaluation

with the corresponding values are shown in the table below.
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Table6. Adjusted Database.
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AUS AUS GER NOR UK
1989 ~2020 1982 2018 ~2019
SIZE MAX MIN
Length (m) 94.9 160.3 117.9 100.0 128.0 167.0 80.0
Length (Score) 17.1 92.3 43.6 23.0 55.2
Breadth (m) 20.3 25.6 25.0 21.0 24.0 28.0 17.0
Breadth (Score) 30.0 78.2 72.7 36.4 63.6
Draft (m) 7.9 9.3 11.2 8.5 7.0 14.4 6.4
Draft (Score) 18.3 36.3 60.0 26.3 7.5
Displacement (t) 8,158 24,000 17,300 9,000 12,790 24,000 4,028
Discplacement (Score) 20.7 100.0 66.5 24.9 43.9
GT 6,574 12,614 9,145 15000 16,000 4,028
Size Score 21.8 68.9 58.8 28.5 42.1
ICEBREAKING MAX MIN
Ice Class 6 3 3 3 4 2 6
Ice Class (Score) 0.0 75.0 75.0 75.0 50.0
Icebreaking 1.2 1.7 1.5 1.0 1.0 2.5 1.0
Icebreaking(Score) 15.3 43.3 33.3 0.0 0.0
Propulsion Power (kW) 10,000 26,600 14,120 11,000 5500 34,000 5,369
Propulsion Power (Score) 16.2 74.2 30.6 19.7 0.5
Icebreaking Score 10.5 64.2 46.3 31.6 16.8
LOGISTIC MAX MIN
Cargo hold (m3) 1,790 5,030 1,039 1,180 2,200 8,595 567
Cargo hold (Score) 15.2 55.6 5.9 7.6 20.3
TEU (Cargo) 37 96 8 20 96 0
TEU (Score) 38.5 100.0 8.3 20.8 0
Logistic Score 26.9 77.8 7.1 14.2 10.2
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AUS AUS GER NOR UK
1989 ~20D 1982 2018 ~2019

SCIENCE MAX MIN
Instrumentation

Air & Aerosol Sampling  Yes Yes Yes Yes Yes
ADCP Yes Yes Yes Yes Yes
FisherySonar Yes Yes Yes Yes Yes
Multibeam Yes Yes Yes Yes Yes
Subbottom Profiler Yes Yes Yes Yes Yes
Nets & Trawling Yes Yes Yes Yes Yes
Sediment corer No Yes Yes Yes Yes
Rock Drills No Yes Yes Yes
Seismic No Yes Yes Yes Yes
Magnetometer No Yes Yes Yes
Gravimeter No Yes Yes Yes
CTD & Water Yes Yes Yes Yes Yes
Instrumentation Score 58 75 100 100 100
Laboratiories (m?2) 160 500 576.5 343.5 620 620 68
Laboratories (Score) 17 78 92 50 100
ScientificShip Features

Dynamic Positioning No Yes Yes Yes Yes
A-Frame (Y/N) Yes Yes Yes Yes Yes
Drop Keel (Y/N) No Yes No Yes Yes
Silent Operation (Y/N) No Yes No Yes Yes
Moonpool (Y/N) No Yes No Yes Yes
ROV (Y/N) No Yes Yes Yes Yes
AUV(Y/N) No Yes Yes Yes Yes
Ship Features Score 14 100 57 100 100
Science Score 40.8 83.9 82.6 97.5 100.0

The individual scores are combined into a maffiable7) and give a quick overview
about the capabilities of theelected PRS\Afterwards they can be mapped into the four

aspects and visualised as a radar diagram as showigumel7

Table7. Resulting Scores.

RSVAurora RSWuyina  RVPolarstem RVKronprins RRSSir David

Australis Haakon Attenborough
SIZE 21.8 68.9 58.8 28.5 42.1
ICEBREAKING 10.5 64.2 46.3 31.6 16.8
SCIENCE 40.8 83.9 84.6 97.5 100

LOGISTIC 26.9 77.8 32.3 14.2 10.2
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Figurel7. PRSV4 AspectMapping

The results show pretty large difference in size, logistic and icebreaking bagudee
similar on the science capabilities. Only the R&¥bra Australiss lacking behind the other

vesselspossibly because bier age.
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5 Discussion

Thisapproach oimodeling the capabilities of PRSYAs developed by adaptirgeneral
sustainability models developed Basurko and Mesbahi (201dhd using thensights gained
from ranking, rating and benchmarking used in the ShippingtéRdlard byBIMCO (2018)he
result is preliminary but is important becaussalitows theviabilty of capabilityassessments for
PRSVThe model is built up in flexible modules and aspébtt do not interact with each other
and are not aggregated in a final scofding new aspects that have previously not been

considered is thus simple as lorfgetunderlying database supplies the necessary information.

While the model copes reasonably well with data of the palsich has been collected
in this studythere iscurrentlyno room to assess capabilities of the futulgetthe ship lifeime
of newbuildings will cover the next thirggears This means thaesearch demandthat are still
unknownneed to be considered andtegrated into the designgAustralian Antargt Division,
2017b; NERC, 201%he model currently doesot reflect these capabilitied.o cope with these,
additional attributes are neededhich would naturally influence the scoretall other vessels
of the group Thusattributes and their interation mustbe carefully consideredlso in relation
to their weighting and importance for the research itsdlfis can be put into perspective with
currently pilotedprojects thd test new ways of doing scientific investigatioRsoject Ocean
Infinity (2018)uses multipleautonomous underwater vehicles (AUV) simultaneotsiynultiply
the area of effecbf the gathered data without the need of using the expensive and slow main
vessel for the whole region. Unmanned Surface Vehicles (USV) are usadsmit the vast
amounts of data to the ship. The whole operation is noswarm instead of a single vessel and
extensiveartificial intelligence systems are used to provide autonomy to the AUVs. Even this
concept could not be evaluated the proposed modetiue to the sheer number of AUVs and

multiplication of survey capabilitie¥he attribute types of AUV would need to be changed and
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possibilities to reflect this extensiveurvey capability needs to be added with the correct

significant weighting.

Currenty, no upper boundary on vessels to add is Eetremelysophisticated icebreakersith

large laboratory spaces and excessive equipment in all areas could for example skew the
comparabilityof the other vessels in the database as their score would bespdstown, losing
alotof KS oAt AGeE G2 3 ABvenwhfestdblishing Ar2ugpeodridary, | 3 f |
providing a frame for the group on data collected proved much more complex than on
commercial shipping classes. A panamax bulk carriertesista be between 60,000 and 75,000
tonnes deadweight with the width restriction of 32.5($topford, 2008) To put this into
perspective the GT range of the group of PSRV,0804to 16000 and their length varies
between 80m and 167m. The relative diftnces are much more extreme than in the defined
classes of shipping. Thus, the boundaries were defined rathemasdffocused orcreating a
border between thecomparatively large group of oceanographic research vessel or global
research vesseld&EurOcean, 2016 he exact boundaries and groepmpositions vary in the
sources. Nonetheless, it was decideduse the ice @ss ascriterion to divide the groups.
Scientific capabilities were found to be largely comparable. Logistic capabilities are also
included in the boundaryput due to the very strong ties to the respective national Antarctic
programs this might not be a d&ling factor(Compare Appendid RSVNuyina with RV

Kronprins Haakgn

The database itself tries to deliver information about the complete group of these
vessels Current databases were found to focus on regional units or mixing them with other

classes of research vessels. Unifying thiato one database, established after a common
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sourcing hierarchy enables potential usdms quickly get a general impression ahathe

capabilities of PRSV in question.
The chosen method and the collected data have limitations which will discussed below.

Access to DataMuch of the data was availabten websites and database documents
but some investigated vessels are partloé amed forces where information is much harder
to acquire Additionally major sources of information about Chinese, Japan@sgentinanand
Russian vessels was only available in their own languages. While English translatiens

offered by them occasially they were generally lacking or not understandable.

Data Quality& Reliability. The first important limitation in the conducted study is the
quality of collected data. Due to the large number of sources and sometimes vague descriptions
of values it wa at times difficult to deciden which source to trust if stated attributes conflicted
with each other.Thisis problematic for the reliability of the data acquisitias it depends on
the judgement of the author. To counteraet general hierarchy for results was establislred

the methodologybut general concerns remained.

Data Format.Much of the data has been collextin Boolean format whicltan make
the further developmentinto performance assessing parametaore difficult Having more
detailed information available would have led @aopossiblebroader evaluationto assess the
parameters performanceTo provide opportunities to further development the model uses
adapted attributes of the main databas@he latter often incldes additional information

beyond Boolean statements.

Scientific CapabilitiesThe literature was surveyed for scientific equipment and the
author recognizethe fact that a lot of instrumentation is portable and could be installed on

the vessel on a prect basis. The database still aims to cover the main scientific areas of
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equipment used on P®. Further refinement into permanent installed equipmeand
operational capabilities could have led to more nuanced resultsa score that better reflects
the capabilities Additionally,current trends of robotics, drones and future capabilities should

be considered.

Logistical CapabilitiesThe final attributes used in the model are important but not
exhaustive for this capabilityddditionally,the scientific laboratoryspaces were calculated by
the authors assumptions ovesselsvere specific numbers on space were not available. This
probably led to skewed numbens the scientific scoredlore details about craneselicopters

and boats were allected as well but were not integrated.

Icebreaking CapabilitiesThe used attributes try to refledhe ability of the vessels in
this field, but the technical nature made consideration very difficult in the scope of this study.
Especially the convemi of ice classes, referencing erternal literature, leaves much room

for misinterpretationand has a significant impact on the total score.

Many of the limitations are a result of the chosen research method and data collection
and further researchmight be able to circumvent issuesxperienced in this studySome

possible developments are presented in the next chapter.
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6 Conclusion

The study investigated current and planned polar reseaxoth supply vessels.The
research questionasled: What are the capabilities ?#RS\@nd howcan they be assessedfis
question wassupported by secondary questions aimed to guide the research apprdaeh.
guestionis answered bythe creationa four-aspectmodel, mapping thedentified capabilities
of size,celreaking, science and logistics on a norseliscaleand allowing basic assessments
within the boundaries of the grouplrhe study achieved its exploratory aim and scope by
providing a basic model, a framed group of PRSV and a database containing ketedkticac
Limitations were already presented in tipeior chapter. Nonetheless could turther research
enrich this result by considering future possibilities of science, refining oficilereaking

assessment and genelgincreasngthe number ofattributesthat define the individual scores.

6.1 Implications

The main goal for this study was to address the rather untouched field of PRSV, where
data was found to be scattered, inconsistent and sometimes contradicting. The group itself was
not framed in the liteature and sources contained data in varied quality and quantity. As a first
step the whole range of that would fit conditions set by the author would be investigated and
collected in a common database. This database is the practical contribution of #sis,th
providing possibilities for further development and use in managerial aspects. The theoretical
contribution stems from the developed model, which is adapted from already established
academic literature and allows the basic capability assessment $Y Rith possibilities of

expansion.
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6.2 Recommendations for further research
6.2.1 Development of database and model

Currently the model does naepresentthe chosen PRSV to full exteridirther works
could significantly enhance the data quality and abilityrepresent the group. In contrary to
the exploratory approach here the development could happen in contact with operators and
standardsed questionnaireddeveloped from the attributes of the databasé¥ith more data,
the model could then be used to findting ships forproject ownersresulting in fitting projects

for both owner and user, increasing overall efficiency.

6.2.2 Case study on sustainability of PRSV

The presented models fror@abezadBasurko et al. (200&nd Basurko and Mesbabhi
(2014)cover theassessment of theessels and provide a method for marinee€hnologies as
well. It seems to the author as thessdels could providanexcellent starting point for a case
study on PRV. Especially newbuildings are suited for this as more regulatory framdbe
classification societiegre set which can guide ¢happroach much more than on older vessels

with vague information.

6.2.3 Performance assessments from scientific publications

Near the end of the timeframe for this thesis contact with F.Laeisz OHGrewas
established. It was confirmed that scientifpublicationsare used as soft indicators for
performance (seeTable 3). While this poses an interestingpportunity, research is often
uncertain,and outcomes vary. Data is sometimes only ukefuinsightful enoughafter a long
period of observations. This means that this indicator is currently vergkves stanealone.
Further research could focus on alternative means for scientific assessmentSd@rridRonly

focused on publications but also incorporating capabilitiéss could include science tne per
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year ordegree of crossational research projectnd shipborne performance itself. The study
could cover how efficient data is collected, what means of new technology, e.g. gliders, AUVSs,
UAVs, are used to automa# collections and moreBusinessase forprivately fundedpolar

research (and supply) vessels

6.2.4 Business case forprivately owne d PRSV

During datecollection, the science cases of the British vessel RiRBavid Attenborough
indicateda need for research vessebscurrentlythe need for research platformshsgger than
the supply(NERC, 2014, pp. 8, 10his is alswisible in theOcean Facilities Eange Group
(OFEG) which a barter exchange aneébperation platform forEuropean research vesse&o
far this includes France, Germany, Netherlands, Norway, Spain and thiefé#fures a vessel
database and has shiparter requess with ship requirement profiles. Research in this area
O2 dzf R & dzNJJ S andiipkofose Wolutiond ® (ths vessel shortage with possible
economical background?roviding a commercial solution for routine tasks that involve long
transits, like collectionof ocean current metersgould free up expensive ship time of more

sophisticated vesseishich couldbe dedicated to actual research projects.
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Appendix 1 z Vessel Database

Australia Australia Argentinia
RSV Aurora Australis RSV Nuyina ARA Almirante Irizar
Built 1989 ~202D 1978 (Refit 20027)
Costs AUD500,000,000

Class notation

Operator

IMO Number
ShipCharacteristics
Length (m)
Breadth (m)

Draft (m)

Speed (Cruise)
Speed (Max)
Icebreaking

Ice Class
Displacement

GT

DWT

Endurance

Range

Personnel (Crew)
Personnel (Project)
Ship Features
Cranes

A-Frame

Drop Keel
Dynamic Positioning
Silent Operation
Moon Pool

ROV

AUV

Laboratories (m?)
Additional
Propulsion

Engine

Propeller
Propulsion Power
Thruster Bow
Thruster Stern
Aircraft & Boats
Boat

Helicopter

Cargo

Cargo Hold (m3)
TEU

Fuel (Own)
Fuel(Extra)

Fuel (Aviation)
Science Instruments
Air & Aerosol Sampling
ADCP

Fishery Sonar
Multibeam

Sonar

Subbottom Profiler
Nets

Trawling Gear
Sediment corer
Rock Drills
Seismic
Magnetometer
Gravimeter

CTD

Water Sampler

Lloyds Register Ice Class 1A Super [t28RQE wS3IAAGSNI 2F { KALWLMAY
Icebreaker X100A1 XLMC UMS DP(C} Icebreaker (+), Ice Class PC3, *IWS, Helideck, TA3, Winterisatiol
40), D(30), S(B), ECO (BEWT, GW, NOX, OW, P, R, SOX, IHM,

SEEMP, EnMS, IBTS), LA XLMC, UMS, DP(AA), CAC(2), PS

Australian Antarctic Division

Shipright (SERS, ES, SCM)

Australian Antarctic Division Argentinian Navy

8717283 9797060 7533628
94.91 160.3 121.3
20.3 25.6 25
7.86 9.3 9.2

11 kts / 18t fuel p day 12 kts
16 kts 16 kts 17.2
1.23 m @ 3kts 1.65m @ 3 kis 1m@ 3kts
1A Supe(PC67) PC3
8,158 24,000 14,899
6,574 10,065
3,893 4,600
90d 90d
25,000 > 16,000
24 32 Total 313
116 117
4 t gantry crane stern; Bow 2 x55tSide 1 x 15t, Aft 1 x 15 t
4t 15t
No Yes 2 x
"-"/ DPS0 / DP (CM) DP2 / DPR / DP (AA)
No Yes
No Yes
No Yes
No Yes
8 labs 500 m2 + 2&ontainer, 415
Retractable Bow boom, Wet Well
Diesel 13400 HP 2 x Diesel direct (1200 kW)
2 x Electric (200 kW)
1xCPP 2 x CPP
10 MW (13596 HP) 26,600 Kw
1 x Tunnel 3x
2 x Azimuth 3x
1 x Tender 3 x Tender / 1 x Science, 2 x 45 t Barges
2xM 4xSor2xM 2xM
1,790 5,030 650
37 96
3,477 t (4.09 mil I)
9681t (1.1 mill) 1,623t (1.98 mil I)
120 m3 500,000 |
Yes Yes
Yes Yes
Yes Yes
Yes Yes (11km Range)
Yes Yes
Yes Yes
Yes Yes
Yes Yes
No Yes (24m)
No No Info
No Yes
No No Info
No No info
Yes (000m) Yes
Yes (000m) Yes
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Canada China China
CCGS John Biefenbaker MV Xue Long MV Xue Long 2
Built ~2020 1993 2019
Costs CAD 1,300,000,000 31 000 000 $ 1,000,000,00

Class notation

Operator

IMO Number

Ship Characteristics
Length (m)
Breadth (m)

Draft (m)

Speed (Cruise)
SpeedMax)
Icebreaking

Ice Class
Displacement

GT

DWT

Endurance

Range

Personnel (Crew)
Personnel (Project)
Ship Features
Cranes

A-Frame

Drop Keel
Dynamic Positioning
Silent Operation
Moonpool

ROV

AUV

Laboratories (m2)
Additional
Propulsion

Engine

Propeller

Propulsion Power
Thruster Bow
Thruster Stern
Aircraft & Boats
Boat

Helicopter
Cargo

Cargo Hold (m3)
TEU

Fuel (Own)
Extra holds
Science

Air & Aerosol Sampling

ADCP

Fishery Sonar
Multibeam
Sonar
Subbottom Profiler
Nets

Trawling Gear
Sediment corer
Rock Drills
Seismic
Magnetometer
Gravimeter
CTD

Water Sampler

ICEBREAKER+, LMC, NAV1, IBS, DP(AM), UMS,
ICC, PSMR, IFP, CAC3, WINTERIZAT88Y; A40)

[f28RQa wS3IAAadSNE Ice Class B1*; Loadin
Computer (S, I, D);
BWMP(MEPC.127(53'
Polar Research

Institute of China

Canadian Coast Guard

n/a 8877899
150.1 167
28 22.6
10.5 9
12 kts
20 kts 18
2.5m @ 3 kts 1.1m @ 1.5kts
Polar Class 2(+) 1A Super (PCB)
23,500 21,025
15,352
8,759
270 d (25 d full power)
> 26200 nm 20,000 nm
60 34
40 128
6+ yes
No
DPSL / DP (AM)
Yes
No
No Yes
>40 updated to 200m?2
Towingcapabilities, Aibubbling system (Ice)
6 x Diesel Electric 39.6 MW, 13,200kw
2 x Wing Shafts (11MW each), 1 x Azimuth
Thruster (12 MW)
34 MW
2 x Tunnel (1.9 MW each)
Various light and medium crafts
2 x M (Hangar), 1 x L deck Yes- Xueying
Yes (ndigures)
Yes (no figures)
Yes
Yes Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes Yes
Yes Yes

China classification society,

Polar Research Institute of

Lloyds register
China
n/a
122.5
223
8
15kts
1.5m @ 3kts

PC3
14,300

20,000
90

yes
yes

DPS

yes

4 x Diesel Electric
2x Azimuth (7,5MW)

2Xx

2x medium sized

yes

yes (Cargo fuel tank)

Yes




















































