University of
South-Eastern Norway

Using electricity from wind turbine sto power
service vessels during construction and
maintenance

Candidate name:Svend Ivar Svendsen

University of South-Eastern Norway

Faculty of Technology, Natural Sciences &maritime Sciences

Master Thesis
May 2022



Acknowledgement

This master thesis was written by Svend | var
Management, during the Spring of 2022.

It was carried out to satisfy the requirement of the courseMIWH-50011 Mast er 6 s Thes
in Maritime Management, Technical Spdi@ation, at the Faculty of Technology, Natural

Sciences and Maritime Sciences at the University of SBagtern Norway (USN).

The topic of this master thesis stemmed from my pageiahe shipping industry. Being 30

credits assigned to this master thesis, it was a huge anddimseming task. However,

during this study, | received valuable informatfoom my friends and colleags&orking on

board the service vessel. Our discussionthes subject and beyond were greatly useful for

writing this master thesis. My deegtgratitude and appreciation goes to my supervisor

Marius Tanum, for his rich feedback and supportive guidance throughout the process of

writing this thesis. | would atslike to sincerely thank all the people from different

companies and organizations for tHeedbackon my researctguestion Lastly, | would like

to thank my familyfor all ther support and encouragement during the whole process of

writing this masterthesis.



Abstract

This master thesis is conducted basedmimdepth study on literature as wellasases
studywith the aim ofinvestigaing whether the charging and operation of electrical service
vessels such &@ffshoreAccess Vessel (OAV) and Crew Transfer Vessel (CTV) is

economically, technically and environmentadlystainable for using in the shipping industry

In order to fulfil the aim of this thesisa qualtative methodn the form ofa case studyvas
performed The chosen castudied the Offshore Wind Farm (OWF) service vestbet are
responsible for the construction améintenancephase of installing the turbinestime wind

parks The theoretical informatiom this thesis wagathered through reviewing different
sourcesand talking to experts in this fielth addition, in order tdetter understand the
research topic, a literature review wasducted!nitially, more than 130éhaterials such as
scientific reportsarticles and bookseleated to the research topaere extracted from the
research enginekater 29 articlesaligned with the key researskrings, namelyelectric

service vessel, offshore wind farm, maintenance on wind turbine, technology offshore wind
farm, power consumption hybrid vessel, rechargingit® andwind turbine installation

were retrieved

The outcome of this master thesis showedithatechnially feasibleto charge the vessel
in the wind irm under special circumstances such aghee@onditionsavailability of
charging infrastructurend approved permissiarin addition usinga battery solution is
more enwionmentally friendly and careduceup to48 per cent othe CO, emissions
Furthermore, it was calculated that #fepping companyauld save more than 17 per ceaxit

fuel coss compared to diesel power engines.



Abbreviations

Speed: 1 Knots = 1.852 km/t
Distances: 1 Nautical mile (NM) = 1852 meters

IMO International Maritime Organization
OWF  Offshore Wind Farm

WTG  Wind Turbine Generator

ICE Internal Combustion Engine
CTV  Crew Transfer Vessel

SOV  Service Operation Vessel
W2wW  Walk To Work

Juv JackUp Vessel

HVDC High Voltage Direct Current
OSP  Offshore Sukstation Platform
OAV  Offshore Access Vessel

MGO Marine Gas Oll

CSV  Construction Support Vessel
BESS Battery Energy Storage System
AC Alternating Current

DC Direct Current

APS Automatic Plugin System

AIS Automatic Identification System
RPM  Revolution Per Minutes

SCTV Standard Crewransfer Vessel
CO2 Carbon Dioxide

NOx Nitrogen Oxides

SO« Sulphur Oxides

MCC  Marine Coordination Centre
HCTV Hybrid Crew Transfer Vessel
KWh Kilow att-hour
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1 Introduction
1.1 Background

The population of the world is continuouglsowing and & this number increasemoreand
more energy is needgibbally. Consuming energy can also bring significant challenges to
the worldand creat@ harmful impacbonthe environmentClimate change, air pollution and
global warming are only some of #enegative effectand require glbal attention and new
technologiesThis issue can be addresseddbgad collaboratioacross all industrial sectors.
One of these important sectasghe shipping industry. Thaaritime transport counts for 90
percentof the world trae (Ocean Shipping and Shipbuildir@@ECD, n.d.) The $ipping
industrysignificartly contributego global climate change due to the fact that about theee
centof theglobal carbon dioxide emissioneme from the shpping industry(Shipping

Pollution, n.d.)

Furthermore, the regulation regardinglptbn from combustion engines is going to be
stricter in the future. The industry aims to cut emissions through knowledge, operational
development antheuse of new technology. However, the letirge perspective is to have a
permanent switch to renewaldaergy sources with alternative faielhis will be required to
fulfil obligations imposed by regulatisithat alreadyareimplemented. The possible options
are batteries in different sigand weighs or hybrid solutions that can be used to slowly
eliminate the use of Internal Combustion Engifi€Es). Some European shipping
companies have already taken one step ahead and built vessete#tatbrid combination

of battery andlieselpropulsionor use pure battery power to operate the vessel.

Today, most service vessatsthe Offshore Wind Farm (OWRpendmany hoursdle on the
field with reducedoad ontheenginesto keepthe positionandgenerate poweor hotel load

on board. Hotel loaddescrite everything that requires powesuch as ventilations, pumps,
lights and air conditions, except power propulsion(Rawson & Tupper, 2001Yoday the
Crew Transfer VesseC{TV) andOffshore Acess VessdlOAV) useMarineGasOil (MGO)

as a fuelfor propulsion hoteland crane operations. According to Haynes, 85 % of the cost

of vessel ownershis related to fuel cogiHaynes, 2019)



Due to tleseenvironmentaissues, safetgequirementsnd operational cts it is necessary
that the industry finds neand more sustainable solutions in terms of energgagement

with the help of new or existing technologies.

Battery or Battery Energy Storage System (BESS) on board are ideal fos testsil
short sea routes fulfil peak power need$he technology is experiencing rapid
improvements in energy density and price for each kilowatt (kW) in this fieldieverthe
technologyis not yet capablef propulsion of large ships over long sea distariBegtendijk,
2020)

1.2 Aim of the thesis

This study aims tinvestigatewhetherthe charging and operatiaof electrial service essels
suchasOffshore Access Vessel (OA@NdCrew Transfer VesseC(TV) is economicdy,
technicaly, andenvironmentallysustainableThe driving pattern that a service vessel has
within 30 days must be mapped. This study seeks to solve the research question of whether a
service vessel can operateaiwind farm by reducing fuel emissionsdamninimum The
vessel's energy consumptiatill be measuredb see if it is feasible treplacetodays fosil
source with a more sustainable energy.mbday, theknowledge abouihe electric and

hybrid charging of vessels in the offshore industiyniited. This study focuses on intervals
of port approaches and fuel consumption of service vesseisrghly thosghatstay on the
field in short and longer intervals. The routes that are primarily focused on are thibaines
are basedn theharbour These ar¢he vessels for mooring, provisions, and crew change at
the beginning of the construction gleawhere thanstallation preparationf wind turbines

takes place.

This investigation can also help us find botv it can reduce the emissions d@helcostof
operatingthe vesselSince he wind farm providsclean energyif can be benefial to use
the same energy source to plan, prepare, and conteset turbinesrhis canalso minimze

thepollution coming fromMarine GasOil (MGO), exhausandother harmful substances.

Moreover, he possibility of powering offshoneessels from a nearby wind farm during the
construction, maintenancandoffloading of cargo and humaisgoing to beesearched

The vessel types investigatedimis thesis are CTV and OAV.



The goal igo study and elaborate on the different possiediand challenges related to
batteryor hybridas a energy modéor thevesses. Thiswork will mainly focus on Offshore
Wind Farm (OWF) vessglesponsible foassisting the constructigshase anthe Operation
and Maintenance (O&M). This incledthe pros and conef a vessel usinthe battery aghe
powersource.Thechallengegelated tdarge operation serviogeesset outsidehe fieldwill
alsobe includedTo find outthe ansver,the data from the vessel drivipaterns utilization
of vessel sailings tripandmapping of vessels over 30 daydl be usedo getan overviewof

daily sailing operationghe service vesséias during the day

1.3 Motivation

The decision of choosing this topic comes fr
current job as a navigational officer on a jagkvessel responsible for installing wind

turbines outside of the coast of Scotland. Furthernibeeauthor is fghly concerned about
theclimatecrisisthatis goingon inthe world The shipping industrgs well as other

industries contribute to a lot of global greenhouse gasgssionsAs an employee in this

industry, the authoffeels responsible taise awarerss towardghe issues that using diesel

engines can bring to the environment.

Currently,a high diesel energy consumptiasirequired to keeghevessel operationalhere
is adiscussiorregarding minimizinghe use offossil energy frormonrenewablesnergy
sourcesincludingfossil fuel oil,coal, natural gas and nucle@m the othehand,theclimate
activistsdesire to use momenewable energsuch asolar, hydropower, wingdbiomassand
geothermal sourceshis transitionneeds to belone withina shortperiod offive to tenyears
The studys objective will be to figure out how mucHuel could be savely using hyrid or
battery instead dbssil fuel Thepossibilities of using renewable energy as@pulsion
source on vessels are there, but technology, @mmknowledgeare still growing.This
technology has a high potential for electricity production by utilizing wind pénwer OWF.

1.4 Structure of the thesis

This master thesisonsistof six parts. Introductionl.iterature review, Methods;indings,
ending with theDiscussiorandConclusionparts
This current chapter, introductioprovides an overview dhebackgroundf the research

aim of the thesis, motivatiosfructure and researchegtions.
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The second section descrilibe research and elabarabn methods utilized durinthe
work, the research review with the study of elements reldgdhée thesis, theystematic
literature separation and study, research queatidiobjectives

The third section intends to preview the thesis research strategy and methotbiegy.
includes the systematic literature review

The fourth section will give a view diiefindings from the selected data arather useful
information from the experts.

Thefindings will be compared with the literature review further indisgussiorchapter
In thelast chapterconclusionthe research questiavill be answeredfollowed by the

limitation of the study.

1.5Research question

The following research questias formulated for this master thesis
RQ: Is it economicallyenvironmentallyandtechnicallysustainable to usalectricalor
hybrid drivenvesses instead ofossil fuel driven serviceressetin thewind park

construction and maintenangkasé

To definethe problem in more detaidndto better understantthe researchopic, aliterature
reviewis going to be conductedhe theoretical informatiowill be gatheedthrough
reviewing different artles andalking to experts in this field

To compare the results, the following asp&atsbe quantified and classified

- Operating conditions
- Vessel duty cycke
- Engines load cycle
- Classify types of suitable vesseldts windfarm
- Electrical powering compared thetraditional combustion engine.
- Practical and economical powering of vessel
- Environmental aspects of wind farm charging
In order tonarrow down the scope of thigesis, the following assumptismare taken into

consideratiorwhen estimating thefficiency of hybrid and electric vessels



It is always power available titewind farm for sharing powaewith the service
vessed

The vesseis idle when it receivegower from the wind farm

The speeds uniformly distributed betweeni 0.3 knots when idle oon standbyin
OWF.

The battery range is betweeifi Q00 %, instead of 3072 % whichis moretypical
for battery vessel

Themass othebattery packagecreaseshe energyconsumption by5 percenton
the CTVs.

The fuelclassfor diesel engines atdGO.

The energy prices are taken from the average price in ZD2Energyprices to
recharge vessein wind farms arassumed to be 50 per c&wimpared to recharge in
port

In the transi@and idletime calculations, the power amuhgine loadire assumed to be
constanfor OAVs. CTVsin idle engine powemode usd8 litresMDO perhourand
450litres perhour.

Average pwver prices for 202Wwill be usedfor calculations.



2 Literature review

Literatureresearchis aprocess of finding already published literaturethis thess, the
usefulinformationis obtainedrom academic papeesd literatureeviews. The findings are
categorized into different topicdefinitions, construction phase, maintenance & operation,

work permit and restrictions, battery, and lastlynamic position.

2.1 Definitions

Vesses aredivided into different commodities to travel from port to windfarm. Toayy
important tools and techniciamwith high skills to do services, installation, and inspection on
wind farnms before wind turbingareconstructed. This vesssailsto thewind farm sothat

the wind turbine can be completed quickly and gadeldgenerag power early to the grid
(Gebkowski, 2020)

The wind farm service vessel is a sndustry that falls undea particularvessel category
thatis optimized to operate ithe Offshore Wind Farm@WF). These vesseksnterthewind
farm andapproachurbinesto fulfil strict rulesand procedui® Thevessel's size and speed
may varydepending onveather and distance to WTG assets.

2.1.1Wind Turbine Generators (WTG)

Offshorewindmills in the are called Wind Turbine Generators (WTG). Theyoaaed in
theso-called Offshore Wind Farm (OWFRHolmefjord et al., 2020Wind turbineshave
beenbuilt larger and largen the last decadeThe mosipowerful offshoreNTG in the
world can produce power up to 14 MMAE, 2019) It is expected thdhe capacityf each
turbinewill reachbetween 1%0 20 MW in 2030(GE Renewable, n.d.Theincrease in the
turbine sizeand nunbershas putremendoupressure on capital casincelarger turbine
create more construction challengesl require larger foundatiaria the OWF, there are
mainly between & 200 turbinesand all turbines are connected to an OffshoreSaton
Platform (OSP).

Thewind marketoffshorehassince 201&rownfrom 2.2 GWto 6.1 GW in 2020 of nely
commissioned turbinesdlew annual installations are expected to plassiilestone of 20
GW in 205 (RE globals, 2021)Jsually, he voltagegeneratedrom the wind turbines 6.6
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kV. In order to charge the battanstalled on boarthe CTV unitsat minimal wind strength,

it is vital to choo® a specific voltage levelt is also essentidb selecta suitable transformer
andunidirectional electricity converter to charge the batteries installddard( Ge b k o ws k i
2020)

Compared to onshoréheoffshorewind turbineshavesome advantages, suabmore wind,
no size constraints, and no noise pollution at Ebay can alsaapture stronger wind and

take advantage of larger antbresustainable areg3ian et al., 2022)

The dstance tahewind farm depends othelocation anddoesnot haveany standard range
from shoreHowever,most of them are over 20 km away from shdilee average distance
betweera port and wind farnmin theUK is 80 km, and the distance betwesathturbine

tower istwo kmon averagf Geb kows.ki , 2020)

2.1.20ffshore Support Vessel

There arenany diffeent vessels on the field during construction timemelysurvey
vesses, cable layewvesses, construction vessglJackup vessed (JUV), Crew Transfer
Vesses$ (CTV), standbyvessed, andOffshore Access Vessg|OAV). OAV includesService
Operation Vessel (SOV), Walk to Work vessel (W2¥4f)d Construction Support Vessel
(CSV).

Crew Transfer Vessel (CTV)
Pushing to Transition Piece (TP)
boat landing

Figure 1 CTW pushingntothe boat landingn Borssele wind farm in the Netherlands



OSVsare usually another group of vesdbld keepi t e a s y -siteawithstechaigianfi o n
and t oiohlcensist oCl\handOAV. The nost popular types of vessels categorired
service vessealresingle hull which have one keelCSV,W2W and SOVare types of single
hulls vessed CTV hasa differentdesignwith two keels ashe catamaranwWhen the CTV
approaches the boat landitige technicians can use the ladder to climb up to the turbine
platform Loading and unloadingf the toolswill be peformed withacrane installed othe
turbine platform as shown irrigurel. OAV will provide accommodation for the WTG
commissioning technicianTechnicias will use the vessefsvalk-to-work gangway system

to access the WTG structure for commission actitityhe pictures below, different types of

vessels used in the OWF constructioghown. The first picture on the left is @ffshore
Access Vessel (OAN The second onghows &Cable Laying Vessel (CLV)The third ones
aJackup Vessel (JUV)and thefourth oneillustrates eCrew Transfer Vessel (CTV)

Figure 2 Sample photos afesselsised at offshore wind farm constructi@@iemens Gamsea, n.@NKT Victoria, n.d.)

During commission of wind pasloutsidethe Scotland therearethreevesselfone OAV,
andtwo CTVs) supporing thebuilding proces$Buljan, 2021; Durakovic, 2021Each
windfarm is under 3@ilometresoff the coast.However,the number of vessetlepend on

the complexity of a wind farm constructiohn averageof one CTV is required fathe



operationand mantenancghasethat can saibetween port and wind turbine with technigan
(Gebkowski, 2020)

2.1.30ffshore Sub-Station Platform (OSP)

The dfshore Substatioplatform(shown inFigure3) is an integral part of a power system
where the power generated from wind turbiisagceived througlaninner grid cable tohe
Substation. The voltageom wind turbines is medium voltag&he power will be
transformed to a higher voltage and later etggbirom anexternal grid cable to shore
(Robak & Raczkowski, 2018)

Figure 3 Offshore SuiStationMoray East(Moray East OWF, 2020)

2.2 Construction phase

WTGsare constructedn a foundation or Transition Pieces (T#th atower, nacelle and
threeblades(seeFigure5). Depending on the used generator, the power that one offshore
turbine can generate in the field is 3 to 14 MW's possible to use more than one specific

generatomodel or brandn thefield, but mosbf them use the same typeawind park

The figure bedw (Figure4) shows how cables inhewindfarmareinstalledatthe seabedAs
it is illustrated, the intearray cable goes from turbine to substatiemd theexport cable
goes fromhesubstation to stre after transformatioi he interarray cables cabe looped
throughseverakurbinesbeforeconnecting to the substatiomorder to maximisexport

capability(Nordsee One, n.d.)
9



Floating wind turbine

Offshore substation Onshore
substation

/ = - -~
-~ N
4 \ / Joint Static section
Inter-array cable Export cable

Figure 4 Cable arrangement ian offshore wind farnfLerch et al., 2021)

WTG is connectedo several turbingsand a cableonnectshemto anOffshoreSubstation
Platform (OSP)seeFigure4). Thistransformation station convettse energyfrom WTG
throughaninter-array cabld¢o HigherVoltageDirect Current (HVDC) andranspors it to
shore by export cabléserch et al., 2021)

The wind farm uses several vessels to develop, install and commission a {Uineiaerage
time for construction is between 1 to 4 yeaepemling onthe number of turbines.
Shortdistances between turbines are suitable for electrical vessels during construction and
maintenanceCTV and OSV can manoeuvre between turbines without using high power
consumption over tim&ll wind parks aremarked on navigational charts as agwaredor

unauthorized vessebr personnel.

Offshore Access Vessalill maintain small and middlsized turbine components to avoid
high costs for the transportation time and have a quick response infield. This type of vessel
can stay in the offshore field for two to three weeks, providing shelter and accommodation

for the crew and techniciarislevesMoreira et al., 2021)
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L <<= Nacelle

; Crew Transfer VesseI::> !
Foundation [—— > (crv) ﬁ

Offshore Access Vessel
(OAV)

Figure 5 Wind turbines with service vessel durthg construction phase.

The number of vessels in the field during the construction phase is shévwguia 6

Number of vessel at construction phase

onv I
Jack-up [N
-
p—
0 1 2 3 4 5

Figure 6 Total numberof vessés in thefield during the construction phag@wn production)
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2.3 Charging

Theshipping companyNOS, has announceithe ideaof usng anew hybrid CTV withthe
possibility to recharge batteries directly from the wind turbine when they are waitimg in
field (NOS, n.d.) Tidal Transit also pitched the idea of electric Cinn\2017(Hambro, 2020)
(seeFigure7). Recently theshipping companyCwind, has been workingn a new typeof
CTV tha cansawe time, money and the planiey introducingthe world 8rst Hybrid SES
(CWind, n.d.)

Charging stations) portcan be cable and plug based, pantograph ttwased, ferry charger
based, automatic pluginased systepand DC charging instead of AT.o d apprts have

been equippedith shore powesystenfor a long time so that smaller vessels can receive
shorepowerto keepthe vessalin operation In a significant operatigro facilitate the power
grid around the harbour, fast charging can also enable the charging of hybrid ships and

possibly electrizesselfKumar et al., 2019)

The CTV can operate on a battery when the speed range is between 10 and, 15 knots
accordingto the shipping company HSWhen using hybrid systm, there willbe 50 %
less main engine operatio(tdST Marine HighSpeed Transfers.d.) Corvus Energy
delivereda battery package to HSTII&, where they mentiedthe annual savings of GO
emission reductioof about30 %with a batterycapacity of 188 kWhThe battery operation
gives the possibilityfor peak shaving and zesmission operati(HST Ellg n.d.)
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Figure 7 Tidal transit electrical CTV(Hambro, 2020)

The darging issue for service vessels is nearly similar in port comhpataeoffshorein
terms ofhow this fleet can power up the batteraishort time to managtheschedule
without any delayDue to the chargingmallengesin port, Kumar et ak2019)introducedan
alternative method of battery charging with the best paapacity for modern vessalue to
activity. Today two charging methods for vessstis; slow charging and fast charging.
Kumardescribedhese two charging methotty different time consumptio.he slow
method will take around eight hoursraore while thefast charging is accomplished within
onehour or less. Kumaalsodescribed th@ower output and specificatistha can be given
to the vessel frortheshore side.

2.4 Maintenance and operations

In a wind farmseveralesses$ arein placeto maintain the turbireand keep them operational
in casesomethinggoeswrong andheturbines stopproducing powerThe Jackup vessed

are usedor more extensivenaintenance where majoomponentsuch as gearbox, blades or
nacelleshould baeplacel (Sperstad et al., 2016)

According toGutierrezAlcoba et al(2019) there ardwo types of maintenance tasin

wind turbines; preventive andorrective maintenanc@reventive maintenands described
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asa service to prevent failures and proldhglifetime. Correctivanaintenance is needed
whenthewind turbineis down andmoremaintenancés required to beperationabgain.
This articlegivesa better perspectivan whendifferent vessalneed to be hired for specific
maintenance othewind turbine.There is also good informati@bout the cost of using
different types of vessels, the optimal speed and the sailing distance required wetktie

is safdy backonthefield.

Today, theCrew TransferVesset (CTVs)are usedo deliver urgent toolsndcarry
techniciais from OAV or harbourto WTG wherefurthermaintenances required The

CTV6 service speed duringansitis usuallybetween 20 and 40 knotstlife sea state and
weather allowt. CTVs are divided into two groupfdvanced CT¥ (ACTV) andStandard
CTVs(SCTV). TheACTV is designed foa higher travel speed and higher wave heitdes
for technician transfesompared tahe SCTV(Sperstad et al., 2016)

Annual inspection and service is usually carried othievind parkto follow up necessary
maintenanceegulated byhewind turbine factorySince the servicmtervalis annual, the
wind parkoperatos needto carryhigh skilled techniciasito the field Beforecharterngthe
vesses, the number of turbines and the maximum passenger a Cevtied tocarryto the
field will be takerinto considerationUntil January2022 the passenger limfor CTVswas
set to 1Zechniciansn the United Kingdom despitethe sizeof thevessel. Today the
passenger limitor vesselover 500Grosstonnageis 60 industrial workergDurakovic,

2022) The total cost of operation and maintenance at the wind turbines is high, and the
service vessel makes up to 73 % adshe windfarm when they are hiring vessel

(Junginger et al., 2004)

The transit time is included in thechnicianéworking hoursand the shifts already start
when the vessel leaves the pdBsilgic, Lazakis, Dinwoodie, et al., 201%) this casethey
do not needo work less or more than the normalnkimg hourslt is desied to keep the
transittime as short as possiblEnerefore it can sometimessult in higher CTV speed
(Stalhane et al., 2019)

2.4.1Lifetime turbine generator

Offshore wind farm lifetimas dependeion different factorsA wind turbine can operate
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many years befortheturbing blade, tower or nacell@rerequired to bexchanged. Most
often the wind turbine hsa design life of 20 years after constructibat generallythe wind
turbine has a lifetime between-26 yearsThe UK regulatiors haveset a fibedterm lease
and planning permission farwind turbine built on plars attheseabedThomson &

Harrison, 2015)Dalgic Lazakis, & Turar(2015)claimed a 20 to 25 years lifetinfier

offshore windfarms if maintenances regularly followed Sometimes the maintenance of the
wind park is postponedue tothe badveatherconditionuntil the weather windoware
belowtheacceptable limit for offshore service vessel

2.5 Work permit and estrictions

Thereexistregulatiors forthe vessalthat can approadfewind park In order to enter the
safety zone, the vessateed a permiand if something is wrong or unclearred lightmight
be given tahevesses.

Additionally, everyvessel operatg on theoffshore wind farm neexh work permit to stay
insidethewindfarmor enterthe 500-meter safety zonaround theurbine foundations or
perform any work ottheturbines. In addition all personnel workingnsidethewind farm
need b complete a safety briefing advance and uplodte certificate.All the personnel
need to be approved by the wind faoperatorbefore the vessel calepartfrom the port
(Thomsen, 2014)

Furthermoreit is required that the wind speeska state and wave periainainbelowa

given threshold to enténefield. If thesea state antthe windspeedareabovethelimit, the
technician needs t&topthe operation, secutbecomponerg and restarthe operationwhen

the weatheis stable(Breton & Moe, 2009; Rippel et al., 202Theweather limitfor CTVs
should bebelow 20 metes for sailing and 5 meters to safelsiccess the turbines, depending
on the vessel's type, hull, and freebo@elgic, Lazakis, & Turan, 20155choltzReiter et

al. (2011)alsopointed out that bad weather conditi@ngnificantly impacinstallation time
andusually causéelaysin logistics and construction ahewind turbines Anotherimportant
aspecis thatthe weather changegsiickly andwaiting for suitable weather conditisnan be

costlyfor the wind farmcompany.
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2.6 Battery

The concept of charging the offshore fieldis forecasted to reduce fuel costs by 20 % and
emissions by 30 YMatthew Spaniol, 2019 hetechnology is still itheresearctphase,
but itis plannedo be used imffshore charging at the wind farm, fish farms, and floating
solar panels to keep this possible for recharging electric ve€Spémiol & Hansen, 2021)
The article describes the possibilitywifelesscharging(induction)in the fieldsince this has
high efficiency andthe battery can be replacedswappedy a fully charged oné\ moored
vessel makes batieswappingpossible. Theswapgdbattery would transfer the energy
faste andis an excellentalternatve to traditional charging-he article also include
information about installing a charging point at a structure below the suSpariol and
Hansen2021)estimatethat offshore charging technologgar thevind farmwill be
available earlies2028 Anothersolution to reduce emissioasd consumption i® use
dieselelectricpropulsion alsocalled hybrid

2.6.1 Hybrid

Batteries havéeen usedor manydecades in the maritime indusag energy storag&hey
areparticularlyusefulin situations with periodic loaf.e. controlof thrusters motors and
cranes)where they can be used for power peak shavihg use of electrical drivean
contribue toenvironmentaprotection bycutiing emissionsredudng exhaustvibrationand
noisecompared taliesel enginedJsing hybrid driven vessgtan also save a lot of money
on fuel consumptiortybrid systems on board the vesselreasean itself the safety and
reliability of thevessel due tthe extrasource of backup poweompared to traditionaliesel
engine{ Ge b k 2028)k i |,

The hybridvessed use two sourcesf power for propulsionenergy generated by combustion
generatorsindenergyfrom batterystorage onboarfl Ge b k 0 w s.Rhe yess2|@#hl6o)
have different types of battetgchnology. Hybrid Electric Ships (HES) can only be charged
by ICE during low loading operatisnwhere the ship's engine generates power for the
battery.In order to charge the vessel by a shore cab#ugin Hybrid Electric Ship (PHES)

is required taop up the batterfMutarraf et al., 2022However,awireless chargingan be
usedto transferpower, where itdoes not require any physical connection to traribfer

energy.
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Hayneg(2019)described a scenario where a vessel uses a hybrid system to sail back and
forth between port and wind farm. He points out tha vessel can easily reach all turbines
after schedule if the trip is plannedadvarce Furthermore, Haynes writes that thes-
speedimit regulation close to shore may affect the sailim@ positive wayor electrical
propulsion thereforethe sding range can be longede assumedthe standby waiting time

for up toeighthours,whichwas well suited for a fully electric vessel.

Gorbunova & Anissmoy2020)investigated the ability to use wind power to connect the
urban infrastructuren 2019 they found out that the share of energy sources reached 22 % for

wind industry toelectricpoweredvehicles

2.7 Dynamic Position (DP)

In the last decade, the uptaded development of battepowered vessels have been slow.
Nevertheless, recent technoldags broughtdvancements these typsof energy power
vesselsThere has also be@mprovementsegardingdeal ship designthatcansavethe

ship's resistance dag sailing and operation in the field. Holmefjord e{2020) calculate
the fuel savings for th8erviceOperationVesse(SOV), Edda Passabwned by Norwegian
shipping company @stensj@uring DP operationvith variablespeed engineshis vessel
uses?1 % kss fuetompared to using a conventional AC grid with a fixed frequency. This
vessel uses newer technology on the engine where consumptiordegéesling on the

enginésload andhespeed

FurthermoreHolmefjord et al. mention the different aspeofshe DP working classviost

of thetime, SOV operates on a DPclassnodeup to 70% of the total hour outside the field
and the DP2 class close to the turbine. In this operation, the vessel has low power
consumptior(Holmefjord et al., 2020)The operational profile fa8OV during the turbine
task isillustratedin Figure8. The DP1 scenarios are shown with the light blue dadives]
and the DPz&cenariosre shown with the dark blue lin€he engines in DR&cenarbs
operate at nooptimal Revolution Per Minut® expandhe available powerAs it is clear

the engine speed of most of the stafkeeping operations is below 13ffm. Both DP

classes savalot of fuel (up to 24 %) with variable speed engines.
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Figure 8 Specific fuel consumption for SOV vegbklimefjord et al., 2020)

A review for anOAV waspresenedby Li, where a hydrodynamic coupling, here an offshore
gangwayis usedo give techniciageasy access to floating wind turbs{gi, 2021) The
gangway operation between two floating structures maiskgwhen a sudden movement
occus, and techniciasfall into thewater or the gangwayreaks However, on dixed

monopile foundationthe gangway is steady and does not haakerttuch movement

compared tdloating turbines an@®AV. This article has been built in a good way regarding
thepossibility to see cases whexpower connection to a floating wind turbine may be

feasiblewhen staying on DP.

According to Peralta P. et.42019) usinghybrid technology on larger vesselperaing on

DP decreasethe CQ emission.Theycalculatedhe CO, emission savedhile usinghybrid
sourcesluring different DP operatiorsf supplyvesset when manoeuvring inside oil field.
Moreover Bui et al.(2021)presene¢ddifferent energy consumptiaf marine vessslon DP
mode In their article they talkedaboutEngineManagement Syste(EMS) development to
checkwhetherit is possible foindividual power sources to run closer to their optimal output
power.Theylisted seven different modes for DP: Harbour, harbour loading, transit, DP
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loading, DP standby, emergencyddriack startThe figures belowFigure9, andFigure10)
showthe load profileand the power which is necesséy hybrid electric marine vessels

duringatypical operation dayas well acommentson operational mode for DP vessel
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Figure 9 Load profile and estimated necessaower of the Hybrid Electci Marine Vesse{Bui et al, 2021)

The vessels usually use low energyhatport and high energy while unloading and loading.
The vessel can potentially turn into different DP nsydeder special circumstances, to
remain still while performing different taskuch agransportinggoods Thereforeijt is
necessary thahe EMS control stratedye flexible enough tewitch the systerduring
differentoperation modegake care ofhe propulsion system performance, and efficiently
handlethe powerflows between them.
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3 Research method

3.1 General introduction

The methodology givegbase for conducting research and evaluating knowledge claes.
method chapter highlighapplied methodology th&s important for thesis writing.

Different approacheare usuallyreviewedin order tobuild aresearch method

The method's purpose 13 help otheresearchersommunicate and share their knowledge as
an experience. The method is a suitable means of communication for researchers who have
much experience in one field and other researchers who are good in othéiHarbas,

2013)

Research method is the procesd ihased to collect different data to conduct a study. The

research method contaispecificmeasuresha neel to be included in the studgenerally,

the research methodisBumbr el | a t er mo trfeedito bsautine(Betl ¢t i s s u e
al., 2019)

Thescope othis thesis has been limited tditarature reviewabout economic
environmental and technological aspects of usiegtrical or hybrid vessein windfarms
The power consumptioof the vesseils going tobe calculatd during transiand
manoeuving between wind turbine and to/from porhe data is collecteaddm theactual

consumptiorof service vessels in the wind farm.

3.2 Research design

AA research design i s c questianramypathesisiotettend ur ni ng
l unch or i dea i nt @Hanamomd& Wallgngan, 2018, p.d31pj ect O

A research design the basis of thetameworkthata researcher esto find the research
problem. The research questisruilt up from theformulation of these questiemvith
different type of data collection, analysing and interpreting the datdiaaltly providing a
logical discussion and conclusion. This research design was develgetorthe purpose,

research question amdsumptionn this thesis

In order tofind rich data and informatioto answer the research questionslitative
researclwas selectedQualitative researchgsovide different insights and knowledge of a

specific topic tahe writer andesearchis without a specificneed fomumericaldaia
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(Mouazan, 2016)Therearedifferent approacksused inaqualitative methogsuch asase
study, questionnaire, or intervieWhis thesis isvritten based on both literature review and

acase study.

3.3 Data collection method

Secondaryata is defined as data collecteddbigers anadtan be either qualitativer

guantitative data. Firstly, the qualitative secondary data sources can be categorized as a text,
whereagjuantitative secondary data may be statistics, annual repoctsunting or others

(Sheu et al., 2006)

For this tlesis,quantitativesecondaryata was collected fromn open databasalled
Marine Traffic. This databasmntainshistorical Automatic Identification System (AIS)
information about how theesselsnoveand includes data abashtip and serviceessels'
speedgdestinatiorand durationin particulay the raw vessel data wastractedrom two
different wind parks outside of Scotlandtire UK.

In generaldata thais collected are built ufsom literaturesuch asacademic sourcesnd
offshore windpress announcemeswhere informatioraboutmilestones during construction
andtime frame have been releas@uline publishedpecificatiors from the shipping
companyabout thevesseldetails were also usetlechnicalinformation abouthewind park

wasfound onthe ownershomepage andia sendingemaik to themain offices.

3.3.1 Method for finding and selecting literature

To find the relevant sources and articles about wind tugimmesr generation and the
opportunity of having hybrid vessel in OWF, a thorough research was doneliff@ngnt
search engines.

The literature review focused on combination$iva# keywords such aslectric service
vessel, offshore wind farm, maintenaran wind turbine, technology offshore wind farm,
power consumption hybrid vessa¢charging on siteandwind turbine

installation. Moreover, the search included additional synonyms of these terms and their
Norwegiantranslatiors. Various search engines were used, namely: Google Scholar, Scopus,
Science Direct, Research Gate, and the search engine Oria at the University -&Stenh
Norway.

These search engines and snowball methods resultedZradt®es and text in total. The
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articles withthemost relevant topics related to Hybrid vessBecharging battées Turbine
charging, Offshore wind farm or Battery energy storageegystere retrieved. Following the
research procedure to find relevant informattbe Prisma procedure checklist model was
used. Finally, a total number 29 articles wereused to obtaim better understanding of the
thesis topicln addition, some newsages related to the construction process of turbines and

the milestones were skimmed.

The most important information about turbines is the point at which WTG starts to generate
power to the grid. For service vessel activity, Marine Traffic is used twfibtiow long

these vessels are waitingthrefield. This data waalsousedto find the speed range that

vessels are operating at during transit from port to offshore wind park and between turbines.
The use of engine power specificagdar service vesssis going to be found from shipping
company homepages. Later, these smatibns will be comparedith thevessel speed to

find out thetotal consumption foB0 daysdtrip to/from harbour and OWF.

3.3.2 Case study

A case stugl is an empirical research method and usually asmecial characteristics. They
cover the entire aspts of asocial phenomesn, usequalitative methods, hawpecificfield

of study, and focus on athe featuresvithin the field of studyHarboe, 2013)A case is a Ib

of what we read through news, articles and other forms of texts that make it easy to
understandlt describes a topic clearly and straightforwardly to give the reader clarity on the
main poins (Mills et al., 2010)

The common purpose for all the cases is to repréisergality of a situation with

crosscurrents and rough edges. So, nothing will be urtd#ae readerTheyare indepth
investigationof one specific organization or one single person, group or community

(McLeod, 2007) Thefunction of a case study is titain deeper insights from thefined

fields of study(Hartley, 2004)ii | n t h e thearsalgsis$sthe adoge examination of the

pieces of information in the case that you think may ilumit e t h e (Bllati2018,i ssueo
p. 25)

Significantly,acase study is gendhaused where there sneed to understarttie
complexityof aprocess or facilityThe wse of case study gives the researcher an important
dimension where the number of cases sdede investigated to get a better perspecfive o

collected datdGomm et al., 2009)n thisthesis a case studywas chaen toclosely study
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the use of hybrid and battery vessels in offshore wind fams.is because the technology is

relativelynew and hasotbeenimplemented at wind farms yet.

Thisresearchs built uponmultiple assumptions, sudhs: harging is possible offshore, and
therangeof thevessel idarge enough to coveailing from port to the fieldThe definition
of thefield of study is a prerequisite for case studies. Theréhagetypes of case studies;

unique case studgxenplary case study, andultiple case desig(Harboe, 2013)

In unique case studigthe researcher conducts a thorough study of a single group and their
behaviour, whilen the multiple case desigtihe researcher might study two or more cases
simultaneously. The exemplary case studies are typically performed to give a general view of
the casgHartley, 2004)In this thesisa multiple case design is used to highlight different

aspects of the process and eliminate contrast across the context.

According to Elle{2018) argument and discussianeessential for caseriting. He also
pointed out that the case methadguire a lot ofeading, discussion, and case writing. Good
knowledge is alsoeededo give meaimg to the research questions thed going tde
answeredIn this thesis, arguments from different wrgand experts will be compared and
further discussed in the discussion section.

To find the totalPort Calls for six differentservice vesselduring 30 days irthe construction
phase and O&M phashistoricaldatafrom Tablel is extractedor each vesselfour from

the construction phase and two from the operation and maintenance phageg. 8 better
understandinghetransit activitybetweerthe wind farmand port specific speed and average
time spent inport for bunkering, provisions or crew changealculatedThe calculation
contairs theemission from vessels, total energy consumpaoathe energy price

comparison betweenetiel andelectricity.

Theharbourthe service vessealises during O&M operationin Moray East Offshore wind
farmis Fraserburgh ithe UK. For Seagreen offshore wind farthe Montroseharbours an
operational basfor threeCTVs by nightandoneOAYV for fuel bunkering angbrovisionof
supples The data received from colleagues is basetivoridenticalCTVstha are mapped
by Marine Traffic.During the data connection, it was mpaissible to find the fuel
consumption of the CTV iidle with reduced engine Ida. Only the consumptioat service
speed is known.
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Construction Phase Name of the vessel

Acta Centaurus

HST Harri

Manor Enterprise

Seacat Volunteer

Operation & Maintenance Name ofthe vessel

Esvagt Alba

Seacat Weatherly

Class of the vessel

OAV

CTVv

Hybrid CTV smalérsize

CTvV

Class of the vessel

OAV

CTVv

Tablel Vessels mapped for 30 days by Marine TrgfflarineTraffic n.d.)
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3.4 Data analysismethod

The official statisti@l datausedin this studyis categorized as interval datuchdatais often
used whemanalysingthetime avesselkpends on theea(MarineTraffic n.d.) Thevessel
activity data fromMarine Traffic is usedto see hownuch time theCTV and OAVspend in

thesefour caegoriesduringthe construction and O&M phase of the Offshore Wind Farm

1 Time underway: The vessel sail between port and wind farm, or insid@elkewith
speeds above Okhots.

1 Time waiting: When the vessel is imanchoring positionwaiting for a crew
change, order or better weather conditions
Time idle: When the vessel is waiting inside the field with speeds below 0.3 knots.

Time in port: The vessel is moorad a harbourand stationary.

It wasnecessaryith a paidpremium account to access the Marine Traffic Pro services
such asistorical dataver the lasB0 days.Hence, theitne avessels underway on standby

or idlewill be helpful to further calculée the fuel consumption and ¢€alculation

Microsoft Excel is a leading software for analytics and spreadsfdwtstervaldata from
Marine Trafficwas manuallyypedinto anExcelspreadsheeanda 30-daysdatafrom the
15thof February tahe 17th ofMarch in 2022vas includedThe raw datawas already
classified into four categoriegmentioned aboyeand from this data, the fuel consumption

was calculatethased onmmaverage fuel consumption factor.

The rav datamust be processed aadalysedefore it can be used, thereforstactly
sorting must be made in orderdipucturethe dataln order to make thdata used in this
thesis morainderstandablehefirst step wago organize this data by dividing vessieito
differentgroups based on their types atiet OWF they belong toAnother mportant factor
for this analysisvasto give the readeatmeaning for how the keyaluesin thedatafit into
the theory(Denscombe, 2009)
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4 Findings

The case present&uthis masterthesis will take a closer loakt thefuel consumption and
emissionof service vesselworking in the windarm duringthe construction and

maintenance phase of wind turegnThe purpase of this case study toelaborate on the
different possibilities and challenges relatethi® use obattery or hybrid asreenergy mode

for the vesselsThis thesis has mainly focused on the OWF vessels that are responsible for
theoperation in the construction anthintenance phas building turbinesin the offshore

wind farm OAV and CTV are mainly assisting ttransportation of technicians and taols

Offshore Access Vessel (OAW)e larger than CTV and have better operatioaphbility

than CTV(Dalgic, Lazakis, Dinwoodie, et al., 201%)AVs areoften used as a storage vessel
to storetools and spare parts for techni@géiming on board. OA\ have also a dynamic
gangway thacanstabilise thevessels movemenivhich issaferfor thetechnicias when

they are walking directljrom thevessel tahewind turbine Otherwise, they wouldeed to
climb down from the OAV to the CTV via the ladderthe boat landing.

4.1 Offshore Service Vessel operation characteristic

Before the construction phase is completed on the wind farm, an OAV will stay in the field

andthenutilized during the O&M phase. The vessel will provide accommodation for service
technicians andsesthe gangway system for transferring technisi@nandfrom the

different turbine platforms. The vessel is mostly on DP during transferring between turbine

platforms.

OAV O&M from 02.07.21

CTV O&M from 01.10.21

Cable layer vessel —
13.07.20 - 11.10.20

OAV Construction 01.09.20 - 15.11.21

support vessel

CTV construction 01.08.20 - 01.12.21

. Jack-up vessel Pilar
ACE VBN L allation 18.05.19 - 10.07.20

Jack-up vessel, turbine ——
s LR 6 ndations 25.06.20 - 09.02.21

Cable layer vessel
TSN 11.11.20 - 23.01.21
Cable layer vessel 24.02.21 - 26.04.21 —

Jack-up vessel 1 Turbine installation —

WTG 12.01.21- 03.05.21
Jack-up vessel 2 Turbine installation

03.05.21- 14.09.21

Figure 11 Timeline for service vessel in offshore wind faluming construction{own production)
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A CTV will also beassisting the OAV with transportation betwekaport and windarm
during theconstruction an@&M phase.Thesevesses stayat the port at nighttime and

operateduringthe daytime.

The figureabove(Figure11) illustrates a timeline during construction of the wind park where
different types of vessels are in use with different expected milestones. For example, the
Inter-array cable vessel workex the field between August 2020 and July 2021. The-dpck
vessels, Jackets (WTG & OSP), are in the field from jackets installation phase until WTG
installation (from July 2020 t8eptembef021). OAV and CTV are in the field when the

first jackets are in plce (fromAugust2020 toend of NovembeR021).

@rsted and Maersk have developed a charging buoy for the vessel as OAV and CTV. This
buoy isconnected tohe wind turbine foundatiorend the vessels hysing a power cable
winched on boards seen ifrigurel2 (Maersk Supply, 2020 he buoy acts as a mooring
spot with a clean electric power supply, thoroughly removing emissions and reducing idle

vessels' costs. This buoy supgdhe transition tgreen energyStilstrom, 2020)

Figure 12 Charging buoy(Stilstrom, 2020)

TheMJR Power and Automaticcompanyin the UK has been awarded government funding
for the charging systewf their offshore electrical vessel. This system is installed on
turbine platform where charging cable bdowered downd a CTVwith awinch. When

the vessels connectedit can leavehefoundation and keepdistanceof 10 metes away
(MJR, 2021) Figure13 showsthe way aCTV canbe recharged ithefield.

John Haynes Issstudieda Crew Transfer Vessel&inctionregardingsailing and waitingHe

has given an gampleof a CTV during12 hous of useduringaday, where two hour goes for
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