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List of Abbreviations

No. Abbreviation Description

1 A&R Abandonment and Recovery

2 AC Alternating Current

3 AHT Anchor Handling Tug

4 BDC Bottom Dead Center

5 C/B Cargo Barge

6 C/V Cargo Vessel

7 CLV Cable Laying Vessel

8 CcO Carbon Monoxide

9 CO; Carbon Dioxide
10 CoG Centre of Gravity
11 CPP Controllable Pitch Propeller
12 CR Control Room
13 CRP Contra-Rotating Propeller
14 CTV Crew Transer Vessel
15 DC Direct Current
16 DGPS Differential Global Positioning System
17 DP Dynamic Positioning
18 DWT Deadweight Tonnage
19 ECA Emission Control Area
20 EEDI Energy Efficiency Design Index
21 EEXI Energy Efficiency Existing Ship Index
22 EEZ Exclusive Economic Zone
23 ELT External Lifting Tool
24 ES Full-Electric Ships
25 GB Gravity Base
26 GHG Greenhouse Gas
27 GBS Gravity Base Structure
28 GT Gross Tonnage
29 H.P.R.S Hydroacoustic Position Reference System
30 HES Hybrid Ships
31 HFO Heavy Fuel Oil
32 HLC Heavy Load Carrier
33 HLV Heavy Lift Vessel
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ICPC
IGF
ILT
MO

JU

LARS
LBP

LNG

LOA

LS MGO

LSA

MARPOL

MDF

MGO

MGR
MP

NOx

OEM

OWF

OWP

OWT

PHES
PM
PPE

PS
PSL
PTI

PTO
PV

ROV

SEEMP
SimOps
SOLAS
SOx
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International Cable Protection Committee
The International Code of Safety for Ships using gas or other low-flashpoint fuels
Internal Lifting Tool

International Maritime Organization

Jack Up

Launch and Recovery System

Length between perpendiculars

Liquefied natural gas

Length Overall

Low Sulfur Marine Gasoil

Life-Saving Appliances

International Convention for the Prevention of Pollution from Ships
Marine Diesel Fuel

Marine Gasoil

Marine Growth Removal

Monopile

Nitrogen Oxides

Original Equipment Manufacturer
Offshore Wind Farm

Offshore Wind Park

Offshore Wind Turbine

Plug-In Hybrid Ships

Particulate Matter

Personal Protective Equipment

Port Side

Permissible Surface Load Per Area
Power Take In

Power Take Out

Photovoltaic

Remotely Operated Vehicle

Ship Energy Efficiency Management Plan
Simultaneous Operations

International Convention for the Safety of Life at Sea
Sulphur (Sulfur) Oxides

Self-Propelled Modular Transporter
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69 STBD Starboard Side

70 SWL Safe Working Load

71 T&l Transportation and Installation

72 TDC Top Dead Center

73 TP Transition Piece

74 TPC Tons per Centimeter

75 VLCC Very Large Crude Carriers

76 VLFSO Very Low Sulfur Fuel Oil (VLSFO)

77 VSP Voith Schneider Propeller

78 WOC Waiting on Client

79 WOW Waiting on Weather

80 WT Wind Turbine

81 WTIV Wind Turbine Installation Vessel
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Definition
Vessel:

Vessel is a catch-all term, like 'watercraft', which describes any floating object used for the carriage
of people or goods. It can be barge, ship, tug, mobile offshore unit, crane vessel or other ship-
shaped unit involved in a marine operation (DNV.GL 2016).
Boat and Ship:
Generally smaller and less complex vessels are 'boats", whilst larger and more complex vessels
are "ships".
Relevant types of boats in this study are as following:

e Tugboat,

e Crew boat,

e Anchor handling tug etc.
Barge:
A large flat-bottomed towed or self-propelled pontoon used mainly for river, canal and transport
of heavy goods or bulk cargo.
Heavy Lift Vessel:
In this document heavy lift vessel is the vessel which is equipped with crane with high lifting
capacity (normally the crane with SWL of > 1000 tones). In some cases, this type of vessel is
called crane vessel.
Installation Vessel:
In this document the installation vessel and construction vessel have same function. Therefore,
these terms are used interchangeably. They can be wind turbine installation vessel, jack up with
heavy lift crane or heavy lift vessel.
Heavy-Lift Carrier!
General cargo ship with cargo hold(s) and cargo handling gear (cranes, derricks) giving a single

lift of minimum 100 tons SWL.

! http://forum.shipspotting.com/index.php?topic=12365.0;wap2
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1. Decommissioning and Decom Tools Project
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1.1 Introduction

This research has been conducted as a part of curriculum of two master students, Namely Hamed
Askari and Ahmad Halimah during their education for the Master of Maritime Operations at
University of applied science Emden/Leer. The research has been undertaken to accomplish some
of the objectives of Decom Tools project which is about decommissioning of offshore wind parks
(OWP) in the North Sea Region. The finding of this study reveals that one of the bottlenecks in
the decommissioning of offshore wind parks is lack of suitable cargo vessel to transport the wind
turbine components from offshore site to port or vice versa. This omission to have suitable vessels
compel the main contractors of this industry to use a construction vessel as means of transportation
and installation of wind turbines during installation of offshore wind parks. Therefore, the overall
working hours of construction vessel which is relatively expensive machine contribute to increase
the overall cost of project. Furthermore, enlarging the size of the installation vessel in order to
carry more set of wind turbines makes this vessel to consume more fuels which lead to more
emission and environmental impact.

Thus, after extensive and detailed investigation, the authors reach to conclusion that having a
suitable cargo vessel in this industry can slash the overall cost of construction operations and
mitigate the environmental footprint of decommissioning project significantly. The results of the
primary research were enough cogent that persuade the authors to research more in this field. Then
after reviewing specifications of various vessels in the oil and gas industry as well as wind
industry? the vital parameters that a cargo vessel can have to improve the productivity and
efficiency of the projects in terms of technical, financial and environmental perspective are
discerned and identified. The result of this research is design of a multi-function and multi-purpose
green vessel which can transport considerable numbers of various generations of wind turbines
that pave the way for lower number of voyages, less working hours of equipment and crew and
lastly less CO; emission. Not only the Decom Tools Vessel is planned to transport the materials,
but also can it extract the monopiles, retrieve the cable, cut the blades, cut the transition pieces and
remove the marine growth.

More importantly, the detailed offshore decommissioning procedures for disassembly and removal
of offshore wind farm components are explained with drawing in chapter 6 of this document.
During the course of this research, a myriad of meetings with different specialists of various
industries namely the cutting companies, the engine designers, the solar and hybrid engineers,

pumps manufacturer, crane manufacturer, oil and gas specialist, cable installation contractors, ship

2 List of reviewed vessels is listed in the chapter 12.
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brokers and so on have been held in order to conduct the research precisely that can have reliable
output.

Not only the Decom Tools Vessel is a multi-function and multi-purpose vessel, but also it is a
green and hybrid vessel in that it is equipped with wind assisted propulsion system, solar system
and batteries. This state-of-the-art vessel can be used both for installation and decommissioning
of offshore wind parks as well as serve the projects of oil and gas industry. The designed vessel
allows to cut the blades into the small pieces during voyage without spreading the dust resulted
from cuttings which means protecting the workers and environment from harms of this non-
recyclable materials. More importantly, the vessel has pile extraction system which enables the
contractors to entirely extract the (mono)piles from the seabed without generating noise which
prevent harms to the mammal and sea species. A couple of sets of grippers are designed as part of
the Decom Tools vessel which can hold the large-sized monopile and transition piece for further
removal and extraction operation. Not only do the grippers extract the mono(pile) but also the
vessel can maintain the position by the grippers during the course of offshore operations.
Furthermore, the automatic and manual marine growth system is engineered and incorporated as
a part of this vessel to overcome the hurdle of fouling removal.

Equally significant, the Decom Tools vessel can retrieve and extract the submarine power cables
with some basic and widely available machineries. The current practice and proposal of majority
of the offshore wind parks developers is to leave the cables in-situ after the lifespan of offshore
wind farm. Keeping any materials in the field, notably submarine cable, may cause technical,
financial and legal issues in the long run. To tackle this problem, a cable retrieval system with a
simple and proper procedure along with cutting mechanism are designed. Implementing this
system and following the procedure help the contractors to retrieve the cables from seabed, cut

them into the small pieces, marshal and ultimately transport them safely.

1.1.1 Decom Tools Project

Since the offshore wind energy is a nascent industry, the omission or oversight to devise the
coherent strategy to decommission the offshore wind parks from the early stage of the design
(development phase) did not take into consideration. Therefore, the project by the name of Decom
Tools has been defined by a consortium including 14 companies and organizations® which will

issue the deliverables to the Interreg for the North Sea Region. The Decom Tools project contains

3 For more information please refer to Decom Tools Website with following link:

https://northsearegion.eu/decomtools/
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seven (7) work packages which under each of them different partners cooperate and work in order
to fulfil the requirements of the project. The main objectives of the project are as following:

1. Reduce the overall costs of decommissioning of an OWF by 20%.

2. Mitigate the CO; emission by 25%.

3. Increase the overall safety of operations and,

4. Increase the know-how and expertise of involved stockholders in the region.
To attain these objectives, a comprehensive study regarding installed wind farms, the supply chain
and logistic, offshore and marine operations and port and onshore process should be carried out to
find the bottlenecks and the variables that can be optimized.
These targets can be accomplished by optimizing the engineering, appropriate project
management, introducing new concepts and equipment including designing of new tools to
improve the overall operations, logistic and supply chain.
Under work package four (4) of the project new tools and vessel can be introduced in order to
fulfil the objectives of the project. In addition, one of the deliverables of work package five (5) is
assessment of offshore logistical requirement. Furthermore, study of recycling concepts should be
undertaken under work package six (6).
This document contains three different end results and upshots namely a new multi-function and
multi-purpose green vessel, a couple of new tools such as gripper, adjustable and reusable
seafastening for blade and blade cutting tool as well as reliable and safe procedures for offshore

decommissioning.

1.1.2 Contribution to the Decom Tools Project

In this research the authors, made tremendous effort to fill the existed industry gap between the
wind turbine manufacturer and installation contractors by designing a new multi-function and
multi-purpose green vessel, new tools and reliable and safe procedure. Specifications of the vessel
has been defined by studying various generations of wind turbines, the specifications of the
offshore wind parks (OWP) in the region, development of the industry during last decades and
new coming generation of wind turbines. With regards to the Decom Tools projects objectives, the
vessel is equipped with the latest available technologies and many innovative tools which new
procedures can be defined for decommissioning operations. Thus, in the second chapter a thorough
study has been conducted on the installed OWP in order to see the magnitude of the
decommissioning market, to see the specifications of the offshore wind parks in order to make the
best possible decision and design in terms of marine operation, logistic and recycling to optimize

the cost, safety, environmental impact and so forth.

Hamed Askari & Ahmad Halimah 4|Page Master of Maritime Operations



University of Applied Sciences

An Ecco-Sustainable Approach to Decommission Offshore Wind Parks HILEITCY
HOCHSCHULE North Sea Region

EMDEN-LEER Decom Tools Vessel Design curoposn eagiona pevelopmentrund  EUROPEAN UNION

1.1.3 What Is the Definition of Decommissioning?

All the required operations to make the assets, in particular offshore wind park, inoperative
disassemble, decontaminate, and recycle is called decommissioning. Decommissioning of offshore
wind parks can have three different phases entailing pre-decommissioning, decommissioning
(disassembly and removal) and post-decommissioning. Pre-decommissioning operations are the
preparatory activities to make the site and assets ready for removal. Removal is the process of
disassembly of the wind turbine, metrological mast, offshore high voltage substation and their
associated support structure. Removal also includes recovery of cables from seabed. Post-
decommissioning operations include all the activities after removal of mentioned materials to
ascertain that the decommissioning has been conducted successfully according to projects
documents and agreed codes and standards. Furthermore, after removal of materials from site, the
responsible organization should be notified including hydrographic office and local organizations

and authorities.

1.1.4 When to Decommission an Offshore Wind Park?

Every asset has a designed lifetime and economic lifetime which some certain measures need to
be taken after these lifespans. The designed lifetime can be affected by a plethora of factors
including but not limited to engineering, material selection, manufacturing process, quality of
workmanship and material, installation process, weather/site condition, condition monitoring and
maintenance and so on. The designed lifetime of asset normally is defined on the early stage of the
project during engineering phase. It is defined "the time period that was considered for the strength
verification when the device was designed" (DNV.GL 2016).

However, the economic lifetime can be assessed while the assets are in service. For instance, the
designed lifetime of offshore wind parks is mostly between 20-25 years. If the operation and
maintenance cost of assets are more than replacing the components, it means the assets are not
feasible to maintain, then other scenarios will be studied such as lifetime extension, repowering
and decommissioning. For instance, the onshore wind farms are repowered on average after 18
years operation (Komusanac 2020, 13). Besides, in some cases the maintenance cost is lower than
above-mentioned scenarios, then lifetime extension* under certain circumstances can be
undertaken. Figure 1-1 shows the definition of lifetime and lifetime extension. In such cases, the
lifespan varies with designed lifetime which is called economic lifetime, operating life or service
life of asset. This time is the lifetime from commissioning to decommissioning of a component or

the wind turbine (DNV.GL 2016).

4 Life-time extension can be conducted without replacement of component.
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According to Figure 1-1, the term "total lifetime" is lifetime after manufacturing of the component
or asset until de-construction (DNV.GL 2016).
In this document, the authors will presume that decommissioning is the main scenario after

reaching the designed lifetime of asset.

Total lifetime
{ .
- Operating life / Service life -
b - e Pl o
Transport Deconstruction

+ installation

(Original) design lifetime Lifetime extension

x— _x

| | I

t=0 e.g.t=20a =3
Start of (orginal) End of (original) End of total
design lifetime design lifetime ifetime

Figure I-1 Definition of Lifetime & Lifetime Extension
Source: (DNV.GL 2016)
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2. Facts and Figures on Development of Offshore Wind Parks
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2.1 Market of Offshore Wind Energy

The European Union has a long-term commitment to reduce greenhouse gas emissions by 80-95%
compared to 1990 levels by 2050. Wind energy is one of the key players to reach the EU’s
renewable goals (LEANWIND Consortium 2017). It means that more investment will be made on
this industry and the development will not be stopped.

In December 2013, the Levelized Cost of Energy (LCoE) for offshore wind energy was
€140/MWh. Vattenfall’s offshore wind price bid of €49.9/MWh in 2016 for the Kriegers Flak
project. In 2019, the Dutch Government has awarded Vattenfall in a tender to develop the twin
Hollandse Kust Zuid offshore wind farms to be built by 2022 without public subsidy. One can
come to conclusion that two different factors lead to such reduction in LCoE. On one hand the
technological advancement in this industry including development of original equipment
manufacturer (OEM), enhancement of supply chain, innovation of new equipment and tools
reduced the LCoE which means the wind turbine manufacturers, logistic companies and others
involved companies made tremendous efforts and investment for this achievement.

On the other hand, the decision makers exhort the industry for this stride by introducing subsidies,
decarbonization incentives and so forth. With regards to above measures, the installation of
offshore wind farms soared in the last decades.

Evidently, the more installation necessitates more decommission in future. Therefore, not only
should the industry have outlook to the design and development of offshore wind parks, but also

should consider the decommissioning from early stages of the design of OWF.

2.2 Statistic of Offshore Wind Parks in Europe

In this chapter, the main focus is to introduce some major specifications of installed offshore wind
parks across the Europe, notably, in the North Sea region in order to show how this nascent
industry has been developed up to date®. However, before showing the stride of the wind industry
during last two decades, the regions that the most installation of offshore wind parks took place
across Europe until January 2021 is shown in the Figure 2-1. Figure 2-1 shows the cumulative
offshore wind energy installation in four (4) different regions. Referring to Figure 2-1, the most
installation executed in the North Sea Region (79% of installed wind farms) which means this area
is favourable and strategic region for the investors due its resources and valuable geographical
location in terms of potential to capture the wind energy and electricity transmission. In 2019, all
the wind park installation took place in the North Sea Region except the 33MW wind farm installed
in the Atlantic Ocean (WindEurope 2021).

5 December 2020
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| |
North o | 1532 Y 75%

Irish Sea - 2,930 MW; 12%

Bailtic Sea [l 2219 MW; 9%

Atlantic Ocean | 32 MW, <1%

g 5,000 10,000 15,000 20,000 25,000
Installed Capacity (MW)
Figure 2-1 Cumulative Installation of Offshore Wind Parks Across EU

Source: (WindEurope 2021)

2.3 Installed Wind Farms and Decommissioning Prediction

It is necessary to assess what will be the status and magnitude of market of decommissioning of
OWPs in near future in the North Sea Region. One study has been conducted under work package
three (3) of Decom Tools project and the predicted finding shows when the wind farms will need
to be decommissioned in near future based on their lifetime (20 years lifetime is considered).
Figure 2-2 depicts the expected year of decommissioning of offshore wind parks in North Sea
Region for the next 18 years. As it shows, until 2038, the highest demand for decommissioning of
offshore wind farms will be in 2030. However, until 2030, approximately 400 numbers of offshore

wind turbines need to be decommissioned.

Expected Year of Decommissioning of Wind Turbines
the NSR

2015 2020 2022 2023 2024 2025 2026 2027 2028 2029 2030 2032 2033 2034 2035 2037 2038

Figure 2-2 Expected Year of Decommissioning of Offshore Wind Turbine In North Sea Region
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In order to predict what is the market of decommissioning of offshore wind parks in each country
across the Europe, it is logic to see when the installation of infrastructure did take place. In 2019,
just 502 new offshore wind turbines across 10 wind parks are connected to the grid in the Europe.
In 2020, 356 numbers of offshore wind turbines are connected across nine wind farms across the
Europe.

Europe now has installed 5402 number of offshore wind turbines with total capacity of 25,014
MW. There are now 116 offshore wind farms in 12 European countries

According to Figure 2-3, UK has the largest amount of offshore wind capacity in Europe, with
42% of all installations. Germany is second with 31%, followed by Netherlands (10%), Belgium
(9%) and Denmark (7%) (WindEurope 2020). Furthermore, it illustrates the cumulative installed
number of wind turbines as well as overall production capacity of offshore wind farms in the five
(5) European countries (WindEurope 2020). 2294 number of wind turbines installed in the UK
followed by 1501 in Germany. To put it more simply, the market of decommissioning will be
bigger in countries that have more wind farms which means UK, followed by Germany, the

Netherlands, Belgium and Denmark respectively.

UK  42% 10,428 MW [/ 2,294 Turbines
Germany 3% N 7.689 MW /1,501 Turbines
Netherlands 10% 2611 MW /537 Turbines
Belgium g% 1N 2.261 MW / 393 Turbines
Denmark 7% 1R 1.703 MW / 558 Turbines
Others 1% N 322 MW / 112 Turbines

=

TOP 5 REPRESENT

OF ALL CAPACITY
CONNECTED

Figure 2-3 Overall Installed Offshore Wind turbine and Production Capacity in EU
Source: (WindEurope 2021)
Referring to the Figure 2-4, the maximum power installed by offshore wind industry conducted in

2019. It means that highest decommissioning will take place on 2044, if the economic lifecycle®

of offshore wind parks is 25 years.

¢ Designed lifecycle of offshore wind turbines is between 20-25 years, depends on manufacture engineering. But
sometimes, the wind turbine can work more depending on their health situation which is depends on a multitude factor.
However, it is possible that due to depreciation of wind turbines, it is not economic to maintain and keep the wind
turbine until their designed lifecycle. Therefore, the developers may prefer to install new set of wind turbine.
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Figure 2-4 Annual Installed Offshore Wind Parks Based on Capacity (GW) in EU

Source: (WindEurope 2021)

2.4 Size of Installed Wind Turbine & The Most Installed Size

The output power of wind turbine has direct correlation with the size of wind turbine. The more
output means larger and heavier wind turbine. One can understand the development of offshore
wind energy industry in the Figure 2-5 in terms of production output. The mentioned figure depicts
that the average output of installed wind turbine in 2009 is about 3MW and the installed wind
turbine in 2020 has the average output of 8.2MW approximately (WindEurope 2020). However,
it should be noted that Siemens Gamesa unveiled the 14 MW wind Turbine and the GE installed
two 12MW wind turbines with the rotor size of 220m in the Rotterdam port as well as Blyth in
order to get certificate for further installation in other offshore wind parks.

It is evident that larger wind turbines and wind parks necessitate larger equipment for handling,
transportation and installation. It requires more complex logistics and management. It can be seen
that many of the installation vessels including wind turbine installation vessel (WTIV) and other
type of installation vessels are not capable to install the recently launched extra-large wind turbine.
It is clear that wind turbine manufacturers are ahead of transportation and installation (T&I)
contractors. In other words, heftier turbines are launched every year to the market, but vessels to
install the large-sized wind turbine come to the market with delay which exhort and force the
industry to hire the vessels from oil and gas industry or change the installation method such as
fabrication of wind turbine’s tower in multiple segments. Downsizing of component is not an

appropriate method for installation of large-sized wind turbine since it is possible just to downsize
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some components of the wind turbines such as tower. By downsizing the components, the number
of offshore and onshore lifts will be increased which means more duration of offshore operations
which lead to higher installation cost and CO2 emission eventually. All in all, lack of suitable

vessels for transportation and installation of new generation of wind turbines limit the developers

/

— _‘—/"

in sense of selection of vessels and contractors.

i

Turbine Capacity (MW)
O = Wh O~ OO

2010 201 2012 2013 2014 2015 2016 2017 2018 2018 2020

— Average turbine capacity

Figure 2-5 Average Output of Installed Offshore Wind Turbine From 2009 to 2019 in EU

Source: (WindEurope 2020)

Table 2-1 shows the most installed offshore wind turbine so far.” According to table 1, in the North
Sea Region, 5 MW wind turbine is the most installed size of offshore wind turbine following by
6MW /6,15 MW /6,3 MW and 3,6 MW. Having considered that the most installed wind turbine is
SMW, then authors mainly focused to show how many numbers of 5 MW and 3.6 MW wind
turbine can be transported by this vessel (Decom Tools Vessel).

However, the vessel that we are going to present in this document is not limited to the installed

wind turbines, but also it can provide service to the extra-large wind turbine such as new 12MW

GE wind turbine.
Table 2-1 Most Installed Wind Turbine Size in North Sea Region
Sr. | Output of Wind Turbine Number of Installed WT Remark
1 SMW 1462
6 MW & 775 No. of 6MW,
2 6.15 MW & 1299 377 No of 6.15MW
6.3MW 147 No. of 6.3 MW
3 3.6 MW 829

7 The reference for this data is 4C Offshore
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2.5 Depth and Distance of Offshore Wind Parks

Not only does the number and size of installed wind turbines increased during last decades, but
also the distance of offshore wind parks from the shore increased and eventually the water depth
increased. The average distance to shore 52 km and water depth 44 m continue to increase even
though most wind farms are bottom-fixed (WindEurope 2020). There exist a couple of reasons for
installation of wind parks further which one of them is more energy can be harvested in deeper
water® (Equinor n.d.) also intrusive vision is another issue.

Figure 2-6 shows the average distance of the installed offshore wind parks to shore. It shows the
most wind farms in 2000 were installed close to shore but in 2020 the average distance of OWP
from shore is about 52 km. Distance of OWP from shore play a colossal role in the cost of
decommissioning and CO; emission. The larger distance requires more sailing time for all type of
involved vessels such as cable laying vessel, heavy lift vessel, transportation vessel, crew boat etc.
which lead to more fuel consumption and ultimately more CO; emission. Furthermore, the higher
wind speed in the offshore wind park result in bigger motion of vessel which may cause the vessel
unable to operate in that weather condition (more vessels stand-by).

All in all, the development of wind farms further offshore in deeper water requires advances in
both turbine foundation technology and the vessels required to construct, service and

decommission these wind farms (LEANWIND Consortium 2017).
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Figure 2-6 Distance of Offshore Wind Park from Shore Between 2000 to 2019 in EU

Source: (WindEurope 2020)

8 Winds are stronger and more consistent further out to sea. Close to 80% of the world’s offshore wind resource
potential is in waters deeper than 60 meter (Equinor n.d.)
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2.6 Types of Installed Structures

The installation of foundations can be taken place in two different methods including floating and
bottom fixed foundation. Figure 2-7 shows the various type of installed foundation. So far, low
number of wind turbines are installed with floating foundation. Furthermore, monopiles remain
the most installed foundation, with 4681 units (81.2%) up to date °. Monopiles are likely to remain
the most preferred option in the future (LEANWIND Consortium 2017) (Gavin and Doherty
2012). Figure 2-7 demonstrates all foundations installed with and without grid connection. The
jackets share (9.9%, 568 number), Gravity base (5%, 289 number), tripod (2.2%, 126 number),
and tripile (1.4%, 80 number) follow the cumulative share. Having considered above data, the
intention of authors is to focus on monopile structure as well as jacket foundation. Therefore, the
finding of this research is based on monopile, however, the vessel is multi-purpose and can be

used for other types of foundations such as jacket, tripile and tripod.

Tripile; 80 Spar; 6
Tripod; 126 Semi-Sub: 5
Gravity base; 289 Barge; 1
Jacket; 568 Others; 8

Monopile; 4,681

Figure 2-7 Installed Various Offshore Wind Turbine Structure in EU

Source: (WindEurope 2020)

In this chapter, the specification of offshore wind parks such as size, number of installations,
distance to shore, water depth and so forth was explained. In order to conduct decommissioning a
comprehensive study on the existing wind farm should be undertaken in order to do the best
possible design and engineering. Furthermore, the development and installation of offshore wind
farms were addressed which can show the market of decommissioning in futures across the

European countries.

9 Until February 2012
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2.7 Summary

>
>

Wind energy is under development at a fast-paced.

North Sea is the most favorable and strategic location for wind industry and overwhelming
majority of wind farms are installed in the North Sea region.

The turbine manufacturer launches bigger and heftier turbine every year. The average rated
capacity of turbines installed in 2020 was 8.2 MW (and was 8 MW in 2019).

Regardless of enlargement of wind turbine, yet monopile structure is the most suitable and
reasonable choice.

The distance of offshore wind farms from shore is getting far and far (in 2020 average is
52km).

The water depth of newly selected sites is considerably deeper than last decade (in 2020
average is 42m and the average water depth in 2019 was 39 meters).

SMW turbine is the most installed wind turbine size in the North Sea region.

It is expected about 400 numbers of wind turbines will be decommissioned in 2030, if
either lifetime extension or repowering does not occur.

Peak of decommissioning operations will be in 2030 having considered above-mentioned

conditions.

2.8 Conclusion

7
A X4

7
A X4

K/

Strategies for the decommissioning should be devised from early stage of wind park design.
Required methods and equipment for decommissioning of brown field site which need to
be decommissioned in near future should be devised soon.

With regards to technological advancement in manufacturing and installation of wind
turbines, the supply change, the equipment manufacturer and so on, the decommissioning
program should be in a way to cover mostly all wind farms specifications (vessels capable
to disassemble and or transport all size of wind turbines or work in wide range of water
depth and so forth). From a structural perspective, the priority is to design equipment and
methods for removal of monopile foundation.

Most of jack up vessels can work in the depth of to 50 meters.

Long-term plan should be devised for the peak of decommissioning 2030. It means that
installation and transportation contractors, labours training, recycling companies, ports etc.

should invest and prepare their business for the peak of decommissioning time.
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3 Logistic Strategies
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3.1 Offshore Logistics Management

In installation of offshore wind parks various types of vessels are used which each of them has
specific purpose. For instance, there are various types of installation vessel including heavy lift
vessel (HLV), semi-submersible vessel, jack up installation vessel- normally called wind turbine
installation vessel (WTIV) which are used for the installation of offshore structures including wind
turbine, wind turbine support structure, offshore high voltage substation (OHVS) etc. Moreover,
there are cargo vessels, barges, and heavy load/lift carrier for transportation of components. In
addition to the transportation and installation vessel, other types of vessels including cable laying
vessel (CLV), tugboat, anchor handling tug (AHT), crew boat or crew transfer vessel (CTV),
survey vessel, supply boat etc. need to be involved during different phase of project.

The omission to design and construct a suitable transportation vessel for this industry, in particular,
the new developed large and extra-large wind turbines can be seen in the wind industry. Therefore,
in this document a multi-function and multi-purpose green vessel according to installed wind
turbines (current market) and future extra-large wind turbines (future market), specifically, Heliad-
X 12 MW GE wind turbine has been designed. The designed vessel fulfils the demands of this
industry both during installation and decommissioning operations. The vessel is primary a
transportation ship (or cargo vessel (C/V) or Heavy Lift Carrier Ship (HLCS) which can be used
for transportation of offshore wind turbine components from wind farm to shore or vice versa.
However, it has several functions which one of its functions is transportation. It can extract the
monopile, remove the transition piece and more importantly retrieve the submarine cables.
However, adjustable seafastening and cutting tools for the blades as well as automatic marine
growth removal system are designed as part of this research. The procedure and functions of the
vessel are described with necessary drawings under chapter 6 Offshore Operation Manual of
Decom Tools Vessel.

This unique vessel is equipped with wind assisted propulsion system (tiltable Flettner rotors), solar
system, batteries and LNG-powered engines (dual fuel engines) to have minimum environmental
impact and higher efficiency during operation. Furthermore, the gripper system allows the vessel
to maintain the position without using the DP system which reduce the fuel consumption and
ultimately the emission.

One of the major cost drivers in the decommissioning of offshore wind parks is marine operation
which is discussed in the next sections. Consequently, any optimization in this part of the
decommission operation will impact the overall cost of project as well as influence the

environmental footprint.
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Figure 3-1 shows the various activities for decommissioning of an offshore wind parks. The

activities inside red sections are influenced and optimized by finding of this research.
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Figure 3-1 Overall Phases of Decommissioning of an OWP

3.2 Logistic Configurations in The Installation of Oil and Gas Structures

There are some similarities in transportation and installation of offshore oil and gas structures and
wind industry which this nascent industry can take the advantage of experience and lesson learnt
of o1l and gas industry which is mature industry. Consideration should take into account that in the
Oil and Gas field development, maximum a couple of structures are installed in one field whereas
in the wind industry, in some fields, over 100 structures are installed (like Anholt wind farm,
Hornsea 1 and so on). This difference impacts the overall engineering including logistic strategy,
supply chain, and management of the project.

In overwhelming majority of installation project in oil and gas industry, a vessel which is normally
a none-propelled barge are used for transportation of oil and gas structure from fabrication yard to
the site and one installation vessel which mostly is a heavy lift vessel (HLV) is used for lifting,
and installation of the module (please refer to Figure 3-2). This combination of the fleet which is
called feeder configuration is the most prominent combination of fleet in the oil and gas industry.
10

However, there exists some vessel such as Pioneering Spirit'” which is capable to transport and

19 https://allseas.com/equipment/pioneering-spirit/
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install the structure in one campaign. The structure can be loaded out from fabrication yard to this
vessel, it transports the structure to the field and install it in one campaign. It means that
transportation and installation take place with one vessel in one campaign (please refer to Figure
3-3). It should be noted that this heavily depends on the size of structure, the deck space and deck
loading capacity of the vessel. There are not so many similar vessels in the market across the world

to transport and install the oil and gas module the same as Pioneering Spirit.

Figure 3-2 The Jacket is loaded onto the C/V and Tied up to the HLV

Figure 3-3 Topside is Loaded onto the Pioneering Spirit
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3.3 Common Fleet In The Installation of Offshore Wind Park

In the installation of offshore wind parks various fleet with different specification can be used. It
is evident that each type of the vessel has specific mission and purpose during the installation or
decommissioning of project.

Main fleets involved in installation of an offshore wind park are installation vessel (sometimes the
term construction vessel is used interchangeably), transportation vessel (such as Heavy Load/lift
Carrier (HLC)) and cable laying vessel. In this document, the authors do not take into account the
required fleets for the pre-installation operations, post installation operations and marine spread
fleet. Ergo, just removal and transportation of wind turbines has been addressed in this document.
Project’s specifications (the specification of wind farm) require which type of vessels need to be
employed for the marine operations. However, in many cases the nominated vessel demands other
types of vessels (logistic configuration and vessel type) for the successful completion of the
installation/decommissioning phase of the project. For instance, if the installation vessel is
equipped with mooring system (it is not DP vessel), anchor handling tug (AHT) is needed to carry
out the anchor running. Therefore, the combination of required fleet for transportation and
installation of offshore structures depends on a number of parameters which are discusses in
further section mainly under section 3.10 of this document.

Table 3-1 shows 4 different types of vessels which can be used for lifting, installation, or
disassembly of wind turbine components. The second row shows dependency of the various types
of vessels. As an example, if for the decommissioning of a wind farm, a non-propelled jack up
vessel is used, the contractor needs to mobilize survey vessel and tugboat(s). The most independent

vessel for the lifting operation is a DP floating vessel.

Table 3-1 Dependency of Various Types of Vessels

I II I IX
Sr Vessel Types
Jack-up Vessel
DP Floating HLV Mooring Floating HLV Non-propelled
with DP Jack-up Vessel
Dependency on 1. AHT! 1. Survey vessel
2 Independent 1. Survey vessel'?
other fleet(s) 2.  Tugboat 2. Tugboat

In the next sections (time-cost-emission analysis) we will show how much this independency

impact the project cost, fuel consumption as well as CO; emission.

" (Anchor Handling Tug) AHT is needed for deployment of anchors
12 The location where the spudcans have to penetrate into seabed need to be surveyed in order to see how the

condition of seabed is to make sure jacking will be done safely.
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3.4  Types of Vessels (Common Fleet Types)

As it stated earlier, in any offshore construction operation, various types of vessels need to be
employed in order to execute the operation completely according to the common practice and in
compliance with national and international regulation. They are namely construction or installation
vessel, cargo vessel or heavy load carrier, crew boat, tugboat, anchor handling tug (AHT), offshore
support vessel (OSV), diving support vessel (DSV) and cable laying vessel (CLV). Obviously, the
project demand specifies which of above-mentioned vessel are necessary for the operations. In the

following, some of the common fleet types in offshore wind industry are explained.

3.4.1 Installation (Construction) Vessel

The installation vessel mostly has been used to lift and install the foundation, transition pieces,
tower, nacelle, rotor and OHVS. With regards to the operation that vessel have to undertake, they
should have some certain specifications in order to install the wind turbine and foundation safely
and successfully. One of the most important parameters is having a crane with enough lifting
capacity (SWL)!* and boom length. Hence, installation or construction vessel are normally heavy
lift vessel (HLV) or jack up vessels, particularly, wind turbine installation vessel (WTIV) which
are facilitated with heavy lifting crane.

From a propulsion system, it can be argued that in many cases, HLV or jack-up vessel are not
equipped neither with propulsion system nor DP system. In this case, tugboat(s) should be used
for towing the vessel to the location. For towing the construction vessels, some tugboat(s) with

suitable bollard pull'

need to be utilized in order to tow the vessel to the field. Depending on the
following parameters one or a couple of tugboats are employed normally:

1. Met ocean condition during voyage including wind, wave, current etc.

2. Distance of field from port.

3. The size, draft and displacement of the construction vessel.

4. and bollard pull capability of tugboat (s).
Furthermore, anchor handling tug (AHT) is needed to position the vessels anchor (mooring
system). Survey and positioning team are mobilized onboard anchor handling vessel in order to
survey the location where the anchors have to be deployed. The engineering team normally make
analysis and provide the document by the name of "anchor pattern" which shows the location that

anchors should be deployed. Therefore, onboard AHT, survey and positioning team based on the

drawing determines and survey the pre-defined location for the anchor running operation.

13 SWL: Safe Working Load
14 A measure of a vessel’s ability to tow (DNV.GL 2016).
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It is discussed that the day rate of the installation vessels is quite high. The followings are the
factors that cause this day rate:

1. Existing of unique crane and lifting capacity onboard construction vessel (because of crane,
the structure of vessel should be reinforced. Moreover, the margin of stability should be
enough high that does not impact the overall stability of vessel during lifting operation)

2. Hight number of crew on board construction crew and high wage of construction crew,
normally between 60 to 300 crew are onboard installation vessel)

3. The number of this type of vessels are low. These vessels are managed and owned by low

number of companies, so, the market is not competitive for this type of vessels.

3.4.1.1 Jack-up Vessel
There exist mainly two types of Jack up vessel. The most common jack up vessel are non-propelled
barge. In this type, according to Table 3-1, three different types of vessels need to be employed in
order to make the barge ready for the lifting operation as following:
I.  Tugboat: Tugboat(s) need to be hired for towing of the barge to the desired location.
II.  Survey Vessel: Survey vessel is needed for the seabed survey where the spudcans (bottom
of legs) need to penetrate into the seafloor.

The second type of jack up vessels are equipped with DP system. Obviously, this type of vessel
does not need tugboat for towage operation since they are self-propelled.
It should be noted that the wind industry prefers to install the wind turbine components with jack-
up vessel since they have more stable condition in the harsh maritime environment. When the legs
of jack up vessel are penetrated into the seabed, all six vessels’ motions such as heave, roll, pitch,
yaw, sway and surge are eliminated. Therefore, the vessel behaves like a fixed structure in its
position. Having this in mind, the vessel has higher stability with respect to floating vessel. Figure

3-4 shows the six degrees of motion of a floating vessel.

| Z
Heave | Surge (X(
Y pitch Yaw > Rl

»

Figure 3-4 Six degrees of freedom ship motions

Source: (Winter 2018)
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Utilization of jack up vessel or heavy lifting vessel has some merits and demerits. One of the merits
of jack up vessel is there is not any movements while the vessel’s legs are penetrated to final depth.
But it should be noted that the vessel motion is not the only factor that can influence the installation
of wind turbine components. Wind direction and wind speed has profound impact on the lifting
operation and installation of components. Installed crane on an offshore structure has limit against
wind speed. In many cases, the upper limit of crane and crane operation is 30'° knots wind speed.
However, finding shows that the blades and nacelle cannot be installed in more than 15 knots wind
speed. It means regardless of vessel motion, even on a fix platform, the lifting operation above
certain wind speed makes the operation unsafe for both personnel and the assets. In case the wind
speed is beyond the specification of the crane, the crane gives alarm and trip, then to the operator
must place the boom on the rack and stop the operation.

As it stated earlier, the utilization of jack up vessel has some demerits as well. First of all, jack up
vessel cannot be positioned in any location. The location where the legs of jack up are supposed
to penetrate into the seabed shall be free of any kind of assets or big debris. Therefore, prior to
moving the jack up to the location, the survey shall be conducted in order to make sure for
suitability of seabed as well as ascertaining that there is not any subsea asset such as pipeline or
submarine cable on the location or even to make sure there is not any kind of debris and wrecked
where the jack up planned to be positioned. This survey means that another offshore operation
shall be conducted which lead to increase of cost of operation as well as CO» emission.

Second problem with using jack up vessel is that legs and spudcan of the jack up disturb the seabed.
They have to be positioned in a way that its footprint does not affect other operation like cable
laying. In addition, the disturbed seabed resulting from jack up vessel can cause problem for
positioning of other jack up vessels. If a jack up vessel wants to be positioned again in the same
location, the footprint of first jack up vessel can lead to punch through of another jack up vessel.
For example, if the jack up vessel is used for installation of foundation, for the installation of wind
turbine and tower with jack up, either the disturbed seabed should be rectified, or the vessel should
be positioned in other direction or the vessel with other spudcan arrangement should be used. The
author faced with punch through in the middle east due to imperfect survey report and careless
moving of jack up barge.

Another problem of jack vessel is depth of water. Its legs are designed and constructed to operate
in the certain range of water depth. The most of jack up installation vessels are designed to work

to the depth of 40-55meters. However, it depends on hardness of seabed strata. In case of loose

15 The tower crane’s manual will specify the maximum wind speed at which the tower crane must be taken out of
service design standards (TYPES TOWER CRANES IN MALAYSIA n.d.).For example, the wind limit for Blue Tern
Jack up vessel is 30 knots approximately as per vessel specification (18 m/s).
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and soft strata, the legs must penetrate more which means the vessel can work in shallower water
depth. Having considered that the construction of offshore wind farms is executed in deep water,
the jack up vessels cannot be a right type of installation vessel in the near future.
The most insoluble problem with jack up vessel is timing for moving and final positioning.
In order to carry out the lifting operation, legs of jack up have to penetrated sufficiently into the
seabed. In general, any jack up vessel must take five steps (steps 2-6) in order to become ready for
heavy lifting which are shown in Figure 3-5 and explained as following:
1. Jack up has to be towed to the location or it should sail to the desired location.
2. Jacking down and doing soft pin'¢.
3. Ballast the pre-load tanks'” with water in order to make the hull heavier to reaching the
final leg penetration.
4. After reaching the final penetration, the water from the preload tanks should be deballasted.
5. The airgap between the hull and sea level should be adjusted.
6. At the end, before moving to another location, the spudcan shall be flushed with jetting
system and legs should be jacked up.
The operations of positioning the jack up on the desired location regardless of sailing time
including soft pinning, ballasting the tanks, jacking down to reach final penetration, and
adjusting the jack up hull and deballasting constitute approximately 20% of offshore operation
(except towing operation which depends on the distance and towage speed). However, this
time heavily depends on the following factors:
e Experience of crew,
e Water depth,
e Volume of ballast tanks,
e Number and capacity of ballast pumps and ballast system,
e Jacking speed and
e Softness of seabed.
Therefore, any jack up vessel to do the lifting operation has to take these steps. During the
preparatory steps (steps 1 to 6), the jack up cannot do lifting, decommissioning or installation
operation. Therefore, the asset is not operational for each wind turbine decommissioning for at

least 12 hours approximately. This time includes, jacking up which is followed by flushing the

16 To lower the legs just with force of gearbox as much as possible.

17 The pre-load tanks are tanks inside hull of jack up vessel which are used just for positioning the jack up. In order
to penetrate the legs into the seabed, the jack up shall be filled with water to make the vessel heavy. After filling the
pre-load tanks, the jacking process take places and legs moves down to reach the final penetration. The last stage is
jacking up the hull till reaching the desired air gap.
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spudcan, sailing toward to the next wind turbine, jacking down and soft pinning, ballasting the
vessel, and finally jacking down until final penetration. In the next chapter, the figures of the
duration and fuel consumption of the different modes of jack up vessel are explained in detail.
The timing of moving to final positioning depends on the following parameters:

1. Towing or sailing speed,
2. Distance of wind turbines,
3. Jacking system speed,
4. Water depth,
5. Time of ballasting,
6. Hardness of seabed,
7. Weather condition,
8. Experience of barge master and crew,
9
1

Levelness of seabed etc.

0. Soil conditions for jacking the legs up.

Arriving on Location Lowering Legs

Preloading At Full Airgap With Environmental Loads

Figure 3-5 Transition Modes of a Jack up Vessel
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An Ecco-Sustainable Approach to Decommission Offshore Wind Parks

Figure 3-7 None-propelled Jack up Barge (JB-117)

Figure 3-6 shows the wet towage operation of drilling jack up barge. Also, Figure 3-7 and Figure
3-8 shows working operation of the jack up vessels during installation of wind turbine. Figure 3-7
shows the non-propelled jack up barge and Figure 3-8 shows self-propelled jack up installation

vessel.
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Figure 3-8 Jack Up Installation Vessel or Wind Turbine Installation Vessel

3.4.1.2 Heavy Lift Vessel (Crane Vessel)

Heavy lift vessel (HLV) is a vessel which is equipped with crane in order to lift heavy cargos.
Regardless of types of mounted crane on the vessel, the HLV can be monohull, catamaran or semi-
submersible. From a propulsion stance, the HLV can be non-propelled, self-propelled without DP
system and self-propelled facilitated with DP system. Among all of mentioned type, the HLV
equipped with DP system has less dependency to other fleet.

Employment of heavy lift floating vessel has some advantages and disadvantages too. If the vessel
is equipped with DP system, the fuel consumption is relatively higher than the jack up vessel
during operation since for maintaining the vessel in the position, most of the engines should be in
service. However, the fuel consumption should be calculated for the entire course of the project,
not only for the operation times. The jack up vessel need to pass the above-mentioned 5 sequences
in order to be ready for the operation which mean considerable amount of time, the vessel is in
preparatory phases and consume fuel and have emission. Therefore, stating that consumption of
jack up vessel is less than DP Vessel is not right judgment and need to be studied case by case.

If the floating vessel is equipped with mooring system, the anchor running should be deployed.
The anchor running demands hiring of anchor handling tug (AHT) and survey team. Furthermore,
deployment and recovery of each anchor takes approximately 6 hours depending on the experience

of the crew, AHT, water depth, the length of wire, the site condition, and the number of anchors.

Hamed Askari & Ahmad Halimah 27|Page Master of Maritime Operations



,‘ niversity of Applied Sciences . . .

A An Ecco-Sustainable Approach to Decommission Offshore Wind Parks iRteres
HOCHSCHULE North‘Sea.Reglcn s
EMDEN-LEER Decom Tools Vessel Design Sesmen o etkomerrnd  EUROPEAN UNION

The advantage of using HLV equipped with DP system is that the vessel does not need time for
anchor running, ballasting the preload tanks, and jacking up. As soon as arrival to the field, the

1'® and then can start operation. Also, this kind of vessel can operate in any

vessel has to do DP-tria
field regardless of exitance of subsea assets, water depth and seabed condition.

Table 3-2 shows comparison of 4 different types of vessels. Seven different parameters which are
concerned directly and indirectly in Decom Tools project are listed and compared.

Having considered this comparison, EPC contractor in the wind industry prefer to install sets of
wind turbines with self-propelled DP Jack up vessel which the main reason is the stability of this
vessel. In addition, the DP system increase the maneuverability of the vessel and enable the vessel
to position in the field accurately. More importantly, the propulsion system on this kind of vessel
provides the option for transportation of component to the field (Pendulum configuration).
However, new designed installation vessel for the installation of wind turbine foundation and

support structures are floating DP vessel such as Figure 3-9 in order to reduce the duration of

offshore operation, cost and emission.

Figure 3-9 Heavy Lift Vessel"”

3.4.2 Cargo Vessel or Heavy Load/Lift Carrier
In many cases, the offshore modules which are planned to be installed offshore need to be

transported by cargo vessel. It means that offshore structure is not transported by installation vessel

18 It depends to the DP manufacturer recommendations. Some of them recommend to conducting DP trial after
arrival to a new field and some of them recommend doing DP-trial periodically like every month. Duration of DP
trial for different vessel vary and normally takes between 2-6 hours.

1% However, this vessel (Alfa Lift) is a submersible vessel as well.
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in the market as following:
1. Self-propelled cargo ship/barge.
2. None-propelled cargo barge etc.
All of above-mentioned vessel types can be semi-submersible vessel. Obviously, the self-propelled
vessel is equipped with propulsion system which means that they can transport the objects by their
own engine(s). However, none-propelled vessels need to be towed to the site or shore via
tugboat(s). The number of tugboat(s) for towing is depends on a couple of factors:
[.  Bullard pull capacity of tugboat(s).
II.  Size and displacement of barge when it is loaded.
III.  Risk of towage versus to the value of the modules.
IV.  The distance which needs to be towed.
V.  The weather condition in the route of towage and inside the field.
There are a couple of reason for transportation of modules to the field by the cargo vessel as
following:
1. Installation vessel does not have enough deck space to load the cargo.
2. The load capacity of the deck of construction vessel is not sufficient.
3. The transportation by construction vessel is more expensive than the cargo vessel.
4

The installation vessel is involved in an operation in the field, and it is not feasible to

halt the operation for transporting the modules from shore.

Figure 3-10 Self-Propelled Cargo Ship (Enercon E-Ship 1)

Figure 3-10 shows a self-propelled cargo ship. This ship is basically designed for transportation

of onshore wind turbines and is equipped with 4 Flettener rotors.
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F igure 3-11 None_—}%pelled Cargo Barge

Figure 3-11 shows a non-propelled cargo barge which is loaded with transition pieces. The photo

shows that one tugboat is towing the barge and materials.

Figure 3-12 Heavy Load Carrier Semi-Submersible Ship

Figure 3-12 shows a semi-submersible and self-propelled ship during transportation of scrap ships.
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Figure 3-13 Heavy Load Carrier During Loading 4 Topsides which are loaded on 2 Barge (SAL n.d.)

Figure 3-13 shows a semi-submersible and self-propelled ship during transportation of oil and gas

modules.

Figure 3-14 SAL Trina Loading Transition Pieces
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Figure 3-14 shows a cargo vessel type heavy lift carrier which is used for transportation of
transition pieces from fabrication yard to feed the installation vessel either at port (indirect feeding)

or inside the wind farm (directly feed to the construction vessel).

3.4.2.1 Problem of Current Cargo Vessels
There exist two major problems with existing cargo vessels. The current problem of the existing
cargo vessel from a propulsion stance is that they are not equipped neither with positioning anchor
winch (mooring system) nor DP system. Therefore, it is not possible to maintain the position of
the vessel alongside the installation vessel (just tie up to the floating installation vessel is possible
under some certain circumstances) or inside the field. As a consequent, the existing cargo vessel
transport the cargo from fabrication yard to the port and discharge them inside the port, then in
another operation, the materials are loaded on the installation vessel.
The problem with this method is that loading and offloading the material take two times and again
the transportation from the feeder port to the site should be conducted by installation vessel.
The other possible option is that the cargo vessel ties up to the port and the jack up vessel position
alongside the cargo vessel. Then the material can be discharged directly from cargo vessel to the
jack up installation vessel. Again, in this condition, the construction vessel need to sail toward the
port and then transport the material from port to the offshore site.
If the cargo vessel is not equipped with either the DP system or position anchor winches, they can
just keep the position of vessel with large footprint which means the vessel position change and
also the heading of the vessel change with wind, wave and current. In order to maintain the heading
and location of the vessel, they should have been equipped with DP or anchor positioning winch.
Therefore, the omission to implement the mooring system or the DP system compel the installation
contractors to opt the pendulum configuration.
The other problem of current cargo vessel is that they are not designed for transportation of wind
turbine components. The wind turbine components have special geometry, and they are bulky.
Hence, vessels with optimum deck space and holds need to be deigned in order to transport more
wind turbine components in order to slash the cost and mitigate the emission of transportation.
From a financial perspective, the charter rate of self-propelled heavy load/lift career is relatively
low and can be between 15 000$ to 40 000$ daily. The reasons of low charter rate of heavy load/lift
career are as following:

1. Lack of unique and special equipment onboard.

2. Low number of crew (max 25 Crew).

3. Lack of complex structure due to lack of crane.
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Advantage and Disadvantages of DP mode

Regardless of types of the vessel, one has to assess what are the merits and demerits of dynamic

positioning system in order to see if they are suitable for the cargo vessel, installation vessel or

not.

There are some advantages and disadvantages with operating the vessel in DP mode. The

advantages are listed in below:

4]
M

4]

The manoeuvrability of the vessel in the DP mode is very flexible and precise.

In addition to the high manoeuvrability of the vessel, in some fields, due to existence of
subsea assets like cables, pipelines etc., the field owner do not allow the vessels to drop
anchors. So, the only method of positioning is DP mode.

Employing anchors in deep water is not a safe and effective means of positioning the
vessel.

Regardless of type of construction vessel, the cargo vessel can maintain the position via
DP easily without any conflict. It means that conduction of simultaneous operation
(SimOps) is so easy, if the cargo vessel run on DP.

For maintaining the position of the vessel, there is no need for other vessel like AHT.

However, keeping the vessel in the DP mode has some disadvantages as following:

& [x

The propulsion system should work around the clock which will result in large fuel
consumption (the loads are discussed in the next sections).

High fuel consumption leads to high CO, emission.

For DP operation, DP officers need to be mobilized which they have high wage. So, the
charter rate of vessel will increase in the DP mode.

DP need more machineries to be in operation which means more maintenances are needed.
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Table 3-2 compares different types of construction or installation vessel from seven different perspective. One can compare the advantages and

disadvantages and select the right vessel based on the project demands and site specification.

Table 3-2 Pros and Cons of Various Types of Installation Vessels

Pros and Cons of Various Types of Installation Vessels
Sr Essential Parameters Non-Propelled Jack up Jack up with DP System Mooring Floating HLV Mooring HLV with DP System
1 Fuel Consumption Low Medium Low High
2 Time of Readiness Very High High Medium Low
Depend on:
Depend on: Depend on:
3 Dependency to Other Fleet 1) AHT Independent
1) Survey Vessel 1) AHT
2) Survey Vessel
) ) Wind Wind
4 | Impact of Weather Condition on Stability Wind Wind
Wave Wave
1.Subsea asset 1. Subsea asset
5 Site Limitation 2.Water Depth 2. Water Depth Water Depth None
3.Seabed Condition 3.Seabed Condition
Length Length
Length Length
6 Port Limitation Draft Draft
Draft Draft
Seabed Seabed
Medium High Low High
7 Charter Rate 201
100K-180K$ 150K-280K $ 80K-100K$ 150K-300K$

20 (Arantegui, Dominguez and Yusta 03.05.2018)
2l (Dalgic, Lazakis and Turan 2018)
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The market and availability of the vessel play colossal role, since sometimes, the clients are compelled to select the vessel based on availability and

not mentioned factors in the following table.

3.7 Involved Construction Fleet In Installation of Wind Farms
Table 3-3 shows list of some wind parks which are developed from 2014 to mid-2018. The table shows the name and types of vessels that are used
for the installation of the wind farms. Also, it shows how long the installation of foundations and wind turbines took place. As it shows, all of turbine

machine were installed by jack up vessel in these wind farms. However, the foundations of 10 wind farms which are highlighted in blue were installed

by heavy lift vessel.
Table 3-3 Involved Fleet in Installation of Foundation and Turbine in the NSR
Offshore Wind Parks Involved Fleet in Foundation Installation Involved Fleet in Turbine Installation
Sr.
Name of OWP Vessel Name Propulsion System (Duration) Year Vessel Name Propulsion System (Duration) Year

1 Aberdeen (EOWDC) (SB)* Asian Hercules 3 Self-Propelled Not DP (HLV) (4.54)2018 Pacific Orca Jack up DP2 (1.36) 2018

2 Nissum Bredning (G JKT)? Grane/Matador3 DP2 HLV/ Non-Propelled (HLV) (14.75) 2017 Crane on Barge Barge (13.25) 2017

3 Arkona (MP) Fairplayer/Svanen DP2 HLV /Self-Propelled Not DP (HLV) (2.4) 2017 Sea Challenger Jack up DP2 (1.5)2019

4 Rentel (MP) Innovation Jack up DP2 (1.33) 2017 Apollo Jack up DP2 ()2018

22 This wind farm has suction bucket foundation. So, it is better not to compare the installation and timing with other projects.
23 This Project has many innovations, so it is better not to compare with other project. it has gravity jacket foundation with concrete transition pieces as well using onshore cable

inside pipe (source: https://youtu.be/Spp6lox1Iws)
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Offshore Wind Parks Involved Fleet in Foundation Installation Involved Fleet in Turbine Installation
Sr.
Name of OWP Vessel Name Propulsion System (Duration) Year Vessel Name Propulsion System (Duration) Year

5 Pori Tahkoluoto (GB) Vole au Vent Jack up DP2 (2.4) 2017 Vole au Vent Jack up DP2 (1.5)2017
6 Ajos (GB) Vole au Vent Jack up DP2 (2.7) 2017 Vole au Vent Jack up DP2 (1.5) 2017
7 Walney 4 (MP) Aelous/Svanen JU DP2 /Self-Propelled Not DP (2.51) 2017 Scylla Jack up DP2 ()2017

8 Walney 3 (MP) Aelous/Svanen JU DP2 /Self-Propelled Not DP (2.51) 2017 Scylla Jack up DP2 (2.48) 2017
9 Galloper (MP) Innovation Jack up DP2 (1.64) 2016 PaCiﬁcTorcaB old Both Jack up DP2 (5.41) 2017

ern
10 Race Bank (MP) Innovation/Neptune Both Jack up DP2 (2.23) 2016 Sea Challenger Jack up DP2 (2.55) 2017
11 Burbo Bank Ext. (MP) Svanen Self-Propelled Not DP (HLV) (1.66) 2016 Sea Installer Jack up DP2 (3.96) 2016
12 Nobelwind (MP) Vole au Vent Jack up DP2 (2.49) 2016 Vole au Vent Jack up DP2 (3.20) 2016
13 Nordergrunde (MP) Victoria Matthias Self-Propelled Jack up (4.39) 2016 Victoria Matthias Self-Propelled Jack up (7.28) 2016
14 Wikinger (JKT) Giant 7/Taklift 4 Non-propelled HLV/Self-propelled HLV (7.04) 2016 Brave Tern Jack up DP2 (3.99) 2017
15 Dudgeon (MP) Olev Strashnov DP3 HLV (1.84) 2016 Sea Installer Jack up DP2 (3.63) 2017
16 Veja Mate (MP) Scylla/Zaratan Both Jack up DP2 (3.91) 2016 Bold Tern/ Scylla Both Jack up DP2 (3.34) 2017
17 Rampion (MP) Pacific Orca/Discovery Both Jack up DP2 (2.86) 2016 Discovery/Adventure Both Jack up DP2 (2.55) 2017
18 Nordsee One (MP) Innovation Jack up DP2 (2.33) 2015 Victoria Matthias Self-Propelled Jack up (3.76) 2017
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Offshore Wind Parks Involved Fleet in Foundation Installation Involved Fleet in Turbine Installation
Sr.
Name of OWP Vessel Name Propulsion System (Duration) Year Vessel Name Propulsion System (Duration) Year

19 Sandbank (MP) Pacific Orca Jack up DP2 (2.64) 2015 Adventure Jack up DP2 (2.5)2016
20 Gemini (MP) Aelous/Pacific Osprey Both Jack up DP2 (1.43) 2015 Aelous/Pacific Osprey Both Jack up DP2 (2.52) 2016
21 Kentish Flats Ext. (MP) Neptune Jack up DP2 (1.47) 2015 Neptune Jack up DP2 (3.8) 2015
22 Gode Wind I & II(MP) Innovation Jack up DP2 (1.63) 2015 Sea Challenger Jack up DP2 (2.97) 2015
23 Luchterduinen (MP) Aeclous Jack up DP2 (1.84)2014 Aelous Jack up DP2 (1.51) 2015
24 Butendiek (MP) Svanen/Javelin Self-Propelled Not DP (HLV)/DP HLV (2.79) 2014 Bold Tern Jack up DP2 (3.41)2014
25 Borkum Riffgat (MP) Olev Strashnov DP3 HLV (2.97) 2012 Bold Tern Jack up DP2 (2.83) 2013
26 Belwind (MP) Svanen Self-Propelled Not DP (HLV) (2.6) 2006 JB-114 Non-propelled Jack up (6) 2006
27 Nordsee Ost (JKT) Victoria Matthias Self-Propelled Jack up (9.24)2014 Victoria Matthias Self-Propelled Jack up (7.69) 2014
28 Rhyl Flats (MP) Svanen Self-Propelled Not DP (HLV) 3.96 2008 Lisa A Non-propelled Jack up 7.6 2009

Source: (Arantegui, Dominguez and Yusta 03.05.2018)

Hamed Askari & Ahmad Halimah

37|/Page

Master of Maritime Operations




University of Applied Sciences

"\& An Ecco-Sustainable Approach to Decommission Offshore Wind Parks WILETTEY

HOCHSCHULE North Sea Region .
EMDEN-LEER Decom Tools Vessel Design Curmpesn Regiona Devriopmancrund  EUROPEAN UNION

Table 3-4 shows the average time of installation of wind turbine as well as foundation based on
Table 3-3. This duration is not just installation duration. It means it is the time that the vessel
commenced installation in the field until installation of last turbine. So, it includes time of
sailing, positioning, waiting on weather (WOW), mechanical failure, waiting on client (WOC)
and so forth.

Table 3-4 Duration of Installation of Foundation and Turbine with Various Vessels

Average Duration of Installation with Various Vessels

Jack up DP2 Jack Up Non-Propelled HLYV DP HLYV Mooring
Sr Components
(Day) (Day) (Day) (Day)
1 Foundation Installation 2.24 14.15 2.50 2.8
2 WT Installation 2.82 5.85 Not Utilized Not Utilized

The above table shows how efficient the vessel types were during installation of above-
mentioned projects. However, the vessel types play a colossal role in duration of project, but
there are other factors which have profound impact on the duration and cost of projects as
following:
1. Planning and Management of project.
Sea state during installation operation and waiting on weather.
Vessel types and vessel stability.
Mechanical break-down of equipment.
Labour experience.
Number of wind turbines in the wind park.
Size and weight of wind turbines.

Distance from mobilization/installation/feeder port.

© *® N kWD

Water depth at wind farm.

—_
(=)

. Seabed characteristic.

—
—

. Method of assembly (part by part, bunny ear, star configuration etc.).

—_
[\

. Foundation type.
13. Transition piece installation method.
14. Logistic configuration.
15. Utilized tools and equipment like pile handling and driving equipment.
Having considered above, a combination of parameters play role in duration of either

installation or decommissioning operations.
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3.8  Availability of Cargo Vessel in the Oil and Gas Industry and Wind Industry

As it is stated earlier, in the majority of oil and gas projects, the structures are not transported
offshore via heavy lift vessel. One of the reasons is the size of the oil and gas structure are larger
than the vessel deck. Therefore, it is not possible to transport the oil and gas module in many
cases with installation vessel.

Furthermore, the oil and gas industry are mature industry, so, different fleets are designed,
developed and existed for any phase of the project development. However, project planning in
the wind industry is mostly in a way to transport the wind turbines components with the jack
up vessel. Since the size of wind turbine components are cumbersome and large, they can load
out between 1 to 8 set of wind turbine components excluding the transition pieces and
foundation onboard the installation jack up vessel. Then after installation of the wind turbine(s),
the vessel has to return to the port to load out another set(s) of turbine component and return to
the field for further installation. This method is one of the most expensive method for
transportation of components, if the number of wind turbine is more than the deck space of the
vessel.

The omission to transport the wind turbine components with transportation vessel can be lack
of suitable transportation vessel for the bulky wind turbine components. One of the main
components that shall be carried with high precision are blades. The blades of wind turbine are
long and cannot be transported in two or more sections. Therefore, the blades should be
transported in on piece. Moreover, the tower is as long as blade approximately. But in some
projects, the towers are made of several segments for easier transportation and installation. The
main concern with transportation of wind turbine component is not the weight of these
components rather is the size and geometry of them. This omission or oversight to construct a
suitable vessel for transportation of wind turbine components made transportation a bottleneck
in this industry which the authors strive to give solution for the transportation of the
components. The solution not only can be applied for the Decom Tools project, but also has
great advantages for the installation phase of offshore wind parks too.

Furthermore, an algorithm has been devised and generated in order to identify the portion of
different activities including offshore transportation and installation as well as calculation of
fuel consumption and cost estimation for a decommissioning project. Findings of this
simulation shows that approximately more than 45% of offshore operation is belong to the
loading and transportation of wind turbine components whereas less than 40 % is attributed to

the installation of components. Waiting on weather is heavily depends on duration of
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construction, the commencement and end of operation. When the operation is executed during

winter, fall or unworkable weather condition, then waiting on weather will be increased.
3.9  Various Logistic Configurations

3.9.1 Feeder Configuration

To minimize cost and reduce CO> emission resulting from decommissioning of offshore wind
parks, several scenarios of marine operation and logistic can be devised. One of the most
efficient logistic scenarios is mobilization of construction vessel along with transportation
vessel in the field**. This logistic configuration is called feeder configuration in that the
construction vessel remains at site for disassembly and lifting operation and the transportation
vessels (feeder), carry the materials to ashore. The construction vessel can be heavy lift vessel,
wind turbine installation vessel (Jack-up vessel), semi-submersible vessel etc. This
configuration is coveted and common in the oil and gas industry.

Figure 3-15 shows utilization of this combination during decommissioning of Lely wind farm?*’
in the Netherlands. As it shows, they have used four transportation barges and one heavy lifting
crane (sheer leg crane barge) for the decommissioning of this wind park. This wind park had 4
number of S00KW wind turbines. Each wind turbine had hub height of 39m with rotor dimeter
0f'40.77m (The Wind Power 2020). Since the size of mobilized transportation barges are small,
the contractor decided to mobilize 4 numbers of barges to carry all the material. The other
reason to mobilize small barges is that in the Lely wind farm, the water depth is about 4,5m.
Furthermore, the distance of OWP from port is just about 1km (The Wind Power 2020).
Figure 3-16 show installation of monopile of Walney Extension wind farm with a heavy lift
vessel by the name of Svanen which maintained its position by using position anchor winches.
Figure 3-17 and Figure 3-19 show two different vessel that are used for transportation of the
wind turbine components to the field or port.

Figure 3-17 shows that monopiles of Hornsea 1 wind farm which were constructed in the
Rostock and Esbjerg were transported to Teesport in order to be shipped by the installation
vessel to the field. Some part of the transportation has been carried out by feeder configuration
and some part by pendulum configuration. Since the cargo vessel is not equipped with either

mooring system or DP, the direct loading of the materials from the cargo vessel to the

241f the wind park has more than 10 numbers of wind turbines or the distance to the port is considerable.

25 The Lely wind farm was erected in 1992 and decommissioned in 2016. It was a two-blade wind turbine and
without TP and tower was made of two segments. The disassembly of 4 wind turbine took 3 days and the entire
piles are extracted by vibratory hammer. The monopile had diameter of 3,7m, length of 27m and weight of 84
tons. Ful removal of wind turbines and cables took 21 days (offshoreWIND.biz 201).
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installation vessel is not doable at offshore site which compel the installation vessel to position

in the port for loading operation.

Figure 3-15 Feeder Configuration In Decommissioning of Lely Wind Farm

Source: (Dieseko Group - ICE, PVE & Woltman n.d.

Figure 3-16 Feeder Configuration During Installation of Walney Extension (Van QOord 2017)

Figure 3-19 shows Enercon E-Ship 1 which is designed to transport the onshore wind turbine
from wind turbine factory to the suitable location (port or onshore location). This vessel is not

designed to transport the components to offshore wind farm.
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The last components which need to be installed is the blades which are loaded on the weather
deck of this vessel. Loading the blades on the weather deck prevent access to the holds for
lifting and installation of nacelle and other components. Therefore, by using this loading

arrangement, the vessel cannot remain offshore alongside the installation vessel as feeder

vessel.
fr \i\
] DAL ]

Figure 3-17 Loading the Cargos from Cargo Vessel to The Installation Vessel

Source: (SAL n.d.

e

— e — — ] T

Figure 3-18 Transportation barge is loaded with Monopile & TP
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Figure 3-19 Enercon E-Shipl (Cargo Ship) is loaded with Blades

Figure 3-20 shows that due to boom length and the SWL of port crane, the monopile (MP) and
Transition pieces (TP) were loaded on the portside of the ship, then after rotation of the vessel
(Figure 3-21), other set of monopile and TP were loaded on the starboard side of the vessel

(Figure 3-22).

Figure 3-20 Aura Heavy Load Carrier Loaded with 2 Monopiles+2 TP

Source: (Bladt Industries 202)
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Figure 3-21 Aura Heavy Load Carrier Loaded with 2 Monopiles+2 TP

Source: (Bladt Industries 202

Figure 3-22 Aura Heavy Load Carrier Loaded with 2 Monopiles+2 TP

Source: (Bladt Industries 202)

Therefore, in the feeder configuration, at least two vessels need to work during
decommissioning operation. The first vessel is installation vessel in order to disassemble and
lift the wind turbine components, and the second vessel is cargo vessel to transport the
components.

Figure 3-25 show this configuration during installation of TPC wind farm in Taiwan. Figure
3-24 shows load out of jacket foundations on the cargo vessel (or heavy load career) and Figure

3-25 shows that a cargo barge loaded with pile are moored to the installation vessel for the
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installation of pre-piled foundation of TPC wind farm. This combination is another example of

feeder configuration.

Figure 3-23 Load of Jacket Foundation with Sheer Leg Crane Barge for TPC OWF

Source: https://youtu.be/Z7{fSCluvlIYU

Figure 3-24 Transportation Of Wikinger Wind Farm Jacket To The Field By A Heavy Load Career

Source: (Royal Boskalis 2017) (Royal Boskalis 2017)

Figure 3-23 and Figure 3-24 shows that for the load out of the jacket on the cargo vessel, a
crane barge or port crane is needed. This is one of the problems of the feeder configuration. It
means for loading and offloading the materials onto the cargo vessel, another vessel or port
crane or onshore crane is needed. However, some of existing cargo vessels in the market are
equipped with in-house crane(s). It should be noted that if the foundation of wind turbine is
jacket or gravity base (GSB), transportation with jack up installation vessel is impossible. So,

in these two types of foundation feeder configuration should be adopted.
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Figure 3-25 and Figure 3-26 demonstrates installation of monopile in feeder configuration. The

cargo vessel/ barge is alongside the installation vessel at field and feed the installation vessel.

J

F igzu 3-25 Installation of Piles for Pr-Piled Jacket of TPC OWF

Source: (SteelGuru Business News 2020)

It should be noted that most of cargo vessels are not equipped with neither DP nor position
anchor winches (PAW). Therefore, the only method to maintain the position of the cargo vessel
in the field is to moor (tie up) the cargo vessel to the construction vessel. If the construction
vessel is a jack up vessel, normally vessels are not allowed to tie up to the jack up vessels since
the legs and stability of the jack up vessels are not designed to withstand the external forces
which are exerted by other fleets. Therefore, the cargo barge can tie up to the floating vessel
just and not to the jack up vessel. This is one of the reasons that in the installation of the offshore
wind parks the pendulum configuration has been adopted mostly.

Figure 3-26 shows that spud crane barge is for lifting and installation operation, cargo vessel
kept the position by dropping the bow anchor as well as mooring to the small support vessel at
the stern.

Figure 3-27 shows installation of offshore high voltage substation in the feeder configuration.
As it stated before, most of jacket foundation, gravity base structure as well as topsides need to

be installed in feeder configuration since they are large size structure. In addition, the
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installation of mentioned structures is not possible to be executed by jack up vessel since they
are heavy. Therefore, for such installation, a cargo vessel is assigned for the transportation into

the field and installation vessel remain in the field for the installation.

Figure 3-26 Installation of Frylan OWF in Feeder Configuration

Source: (Ocean Energy Resources 2020)

Semi-submersible Heavy Lift Vessel

Offshore High
Voltage Substation

Cargo Barge (C/B)

Figure 3-27 Installation of Topside of OHVS
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3.9.2 Pendulum Configuration
In this configuration, one vessel is used for both cargo transportation as well as wind turbine
(or foundation) installation. In other words, the installation vessel pick-up the wind turbine
component from the specific port, transport offshore and then install them. As soon as
completion of installation of loaded components, it returns to the port for the further
transportation and installations. So far, this configuration is coveted in the wind industry.
According to the Table 3-3, Jack up vessels are most used vessel type for transportation and
installation of wind turbine. Transportation of components with jack up vessel mainly depends
on the following factors:

1. Depends on the size of wind turbine since they occupy deck space.

2.  Weight of wind turbines since they impact the centre of gravity of vessel during sailing.

3. Depends on the weight of components, since it impacts the variable deck load (VDL).

VDL delimit the distribution of load on the deck while the vessel’s legs are penetrated
into the seabed.

However, in this logistic configuration, just one vessel is used for both transportation and
installation purpose. But it should be considered that this type of vessel is one of the most
expensive vessels which consume considerable amount of fuel too. To put it more simply, the
transportation of component which can be carried out by cheaper vessels is done with the most
expensive vessel which contribute to increase in the project cost. Furthermore, the geometry of
the jack up vessel is similar to the barge which increase the hull resistance. The higher hull
resistance contributes to higher energy demand for the propulsion system. It means that this
type of vessel consumes considerable amount of fuel due to their hull geometry. To analyze

this configuration, we would like to draw your kind attention to the following figures.

Figure 3-28 Installation of OWP with Pendulum Config. (4 Set of WT in each Campaign)
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Figure 3-28 shows two jacks up vessels install the turbines and the towers. This configuration
which two vessels work simultaneously is called tandem configuration.
Figure 3-29 shows that the transition pieces are loaded on the jack up vessel. Since the jack up

vessel is a none-self-propelled vessel, the towage is done by a tugboat.

Figure 3-29 Installation of OWP with Pendulum Config. (4 Set of Transition Pieces with Non-
propelled JU) (Van Oord 2014)

Figure 3-30 Installation of Rotor (Star configuration) with Pendulum Configuration
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3.9.3 Reverse Consolidation Configuration

In this configuration, the materials are transferred to one port for storage and some shore-based
process (shore-based process can be disassembly or cutting process). The next stage is to
transfer the materials with vessels or onshore transportation system such as train or trucks to
other ports or places for further process like recycling. Again, in this configuration having a
suitable transportation vessel is necessary. The transportation of materials from offshore site to
staging port and to other ports and locations does not need any installation vessel. Therefore, in

this configuration a heavy load career (Cargo barge) is needed.

3.9.4 Accumulative Transport Configuration

In this configuration, the transportation vessel travels to different port for offloading the various
materials. For example, in the first campaign, after disassembly of blades of all wind turbines,
transportation of all the blades will take place to the port that have infrastructure for the blade
shredding and recycling. In the second run, the vessel transfers all the nacelles of one wind park
to a port that have workshop and infrastructure for disassembly and function test of components.
Again, in this configuration, just installation vessel needs to be employed for disassembly and

lifting. The transportation will be conducted with heavy load career vessel which is cheaper.

3.10 Comparison of Various Logistic Configuration

3.10.1 Required Fleet for Various Logistic Configuration

According to above mentioned explanation for different logistic configurations, Table 3-5
shows the necessity of vessel types in different configuration. However, in the following table,
the comparison is made for the similar vessels in various configuration.

Table 3-5 Required Vessel Types in Various Configuration

Required Vessel
Sr. | Logistic Configuration Cargo Remark
Installation Vessel
Vessel
) . Transportation take place with
1 Pendulum Required Not Required
installation vessel

2 Feeder Required Required
3 Accumulative Required Required Transportation can take place with
4 Reverse Consolidation Required Required installation vessel or cargo vessel

It is evident that in pendulum configuration less vessels need to be employed in order to

complete the operations. From a project management stance, this configuration does not have
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complexity. Therefore, planning and project management can be easier since one vessel need
to be arranged for cargo loading, transportation and installation. But it can be argued that
transportation of components which can be done by a cheaper vessel need to be conducted by
installation vessel which is much more expensive vessel. Also, the overall duration of operation

as well as CO» emission need to be assessed and compared.

3.10.2 Time-Cost-Consumption-Emission Analysis of Logistic Configurations

In this section, the aim of authors is to show the difference between pendulum and feeder
configurations in terms of duration of marine operations, cost, fuel, and CO> emission. This
calculation is called time-cost-consumption-emission analysis. In this analysis, in the pendulum
configuration, the vessel which is used for the installation of offshore wind farm is used for the
disassembly of them. In addition, sequences of the disassembly of a set of the wind turbine are
exactly reverse to installation. Having this assumption, the decommissioning take place exactly
reverse to the installation.

However, in the analysis of feeder configuration, two different types of vessels have been
studied and compared in this document. In the first feeder configuration, the same vessel which
was used for the installation of wind farm has been used along with the Decom Tools vessel
which the designed is presented in the further sections of this document.

Furthermore, in the second feeder configuration, a heavy lift vessel along with the Decom Tools
vessel will be studied. All the calculation is based on specification of offshore wind park and
specification of vessels. However, some uncertainties such as waiting on weather, waiting on
client and mechanical breakdown is assumed as unplanned activities.

For the jack up vessel, 25% of the duration of offshore operation is considered as waiting on
weather which is under category of unplanned activities and for heavy lift vessel 35% of
offshore operation is considered as waiting on weather. Three different wind parks selected as

case studies in order to verify the comparison results.

3.10.2.1 First Case Study-Nobelwind Offshore Wind Farm

Nobelwind is a wind farm consist of 50 number of 3.3MW wind turbine. The wind farm is
located approximately 47 kilometres off the coast at Oostende and has a capacity of 165 MW.
The jack up vessel by the name of Vole au Vent which is equipped with DP2 has been installed
this wind farm from 20 October 2016 till 3 April 2017 (Installation took 166 days). On each
voyage 6 sets of tower, rotor and nacelle were transported by this jack up vessel. It means for
complete installation of the wind farm the jack up has been sailed 9 times from port to site.

Figure 3-31 and Figure 3-32 shows the load out and installation of this wind park.
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3.10.2.1.1 Time-Cost Analysis of Nobelwind OWP Decommissioning with Pendulum
Configuration (Reverse to the Installation)
The maximum sailing speed of the Vole au Vent vessel is 10 knots. In the calculation, the

average service speed of the jack up is considered 6 knots (60% of the maximum speed of the
vessel), then just approximately 3.17 days was the sailing time of the vessel?®.

X
%
M
\

\

Figure 3-32 Load Out of Turbine Blades onto the Vole au Vent Jack up Vessel (Mulder 2019)

26 Nine times load out resulted in 18 times going and coming back.
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This vessel is one of the largest installation jack-up vessel which we can consider charter rate
of 200 000$ daily?’. It means just the transportation cost was about 634 449$. Table 3-6 shows,
the duration, portion, and cost of loading, transportation and installation of wind turbine
excluding transition pieces and foundation for Noblewind farm with pendulum configuration.
If the disassembly take place exactly reverse of the installation, then the same offshore cost or
even more will be incurred to the project. The more cost will be due to extraction of monopile,
removal of marine growth and cables retrieval which take more time than installation.

Table 3-6 Results of Pendulum Configuration in Decommissioning of Nobelwind OWF

Results of Pendulum Configuration in Decommissioning of Nobelwind OWF (Jack up for T & I))
Summary of Major Activities Duration (Day) Portion (%) Overall Charter (%)

Figures of Positioning 27.72 25.1% $ 5,543,055.56
Figures of In-Field Transit 0.76 0.7% $151,187.90
Figures of Sailing 3.17 2.9% $ 634,449.24
Figures of Offshore Construction 41.15 37.3% $ 8,229,166.67
Figures of Offloading 14.06 12.7% $2,812,500.00
Figures of Unplanned Activities 23.45 21.3% $ 4,689,997.03
Grand Total 110.30 100.0% $ 22,060,356.40

According to Table 3-6, we can interpret and conclude the following:

e Approximately 25% of the project is just related to positioning the jack up vessel which
means making the jack up vessel ready for operation.

e 12.7% of the operation time is just for being at port for offloading the items.

e 3.6% is for sailing time which includes in-field sailing (between turbines) and sailing
from port to site (9 times inward + 9 times outward) and,

e 37.3% of the offshore operation is disassembly and lifting activities

e [t should be noted that unplanned activities mean waiting on weather (WOW), waiting

on client (WOC) and mechanical breakdown. The portion of unplanned activities is

21.3% of offshore time.

27 The charter rate of jack up vessel varies between 1500008 to 250000$. The average charter rate of 2000008 is

considered in the entire calculation of this document.
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Conclusion: From a financial perspective, the overall cost of offshore operation of
decommissioning of Nobelwind OWF with pendulum configuration is about 22,060,356.40
$, considering the daily charter rate of construction vessel 200 0000$.

Break Down of Activities for Decommissioning of Hornsea 1
OWP with Pendulum Configuration

Figures of Unplanned
Activities, 23.45,21% Figures of Positioning, 27.72,

\Figures of In-Field

Figures OfOfﬂo’ading,\‘ | Transit, 0.76, 1%
14.06, 13%

Figures of Sailing , 3.17,

3%

Figures of Offshore
Construction, 41.15, 37%

Figure 3-33 Break Down of Noblewind offshore Wind Farm Decommissioning with a Jack up

3.10.2.1.2 Time-Cost Analysis of Nobelwind OWP Decommissioning with Feeder
Configuration (Jack Up + Decom Tools Vessel)

In order to achieve the objectives of Decom Tools project, the feeder logistic configuration has
been studied in order to see the changes in term of fuel consumption, CO2 emission and offshore
operation duration. Table 3-7 shows the cost and duration of offshore operation when the same
jack up vessel that is used for the installation is utilized for disassembly of wind turbines. In
addition, the Decom Tools vessel is assumed for the transportation of components. The day rate
of Decom Tools vessel for transportation operation is considered 40000$%%.

So, if the disassembly and removal of wind turbine rotor, nacelle and tower take place exactly

reverse to the installation but with feeder logistic configuration (Decom Tools vessel transport

28 The charter rate of the cargo vessel varies between 300008 to 500008. The charter rate of the Decom Tools
vessel during transportation analysis is considered 400003 in the entire document. However, for the other modes

of operation of Decom Tools vessel, the charter rate is different.
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the cargos to the port), a considerable amount of saving in terms of time, fuel, cost and CO
emission will be achieved.

Table 3-7 Results of Feeder Configuration (Jack up+ Decom Tools vessel) in Decommissioning of
Nobelwind OWF

Results of Feeder Configuration in Decommissioning of Nobelwind OWF (Jack up + Decom Tools Vessel)

Summary of Major Activities Duration (Day) Portion (%) Daily Charter Rate (§)
Figures of Positioning 27.72 31.2% $5,543,055.56
Figures of In-Field Transit 0.35 0.4% $151,187.90
Figures of Sailing 0.76 0.9% $ 634,449.24
Figures of Offshore Construction 41.15 46.3% $ 8,229,166.67
Figures of Unplanned Activities 18.89 21.3% $2,812,500.00
Figures of Decom Tools Vessel 103.15 N/A $4,689,997.03
Grand Total 88.86 100.0% $22,060,356.40

Conclusion: In this configuration, the decommissioning of wind turbine excluding transition
pieces and foundation take 88.86 days which is 21 days less than pendulum configuration. Cost
of offshore operation will be 22,060,356.40 $ if the decommissioning take place by using a jack
up vessel (similar to the pendulum configuration) and Decom Tools Vessel. In other words,

compared to pendulum configuration, 162,221.6$ will be saved in this configuration.

Break Down of Activities for Decommissioning of Hornsea 1
OWP (Jack Up+ Decom Tools Vessel)
Figures of Offshore Construction
46% (72 Days)
Figures of Unplanned

R Activities
21% (24.3 Days)

Figures of Positioning
t=] [~
31% (68.45 Days)

Figures of Sailing /

1% (2.8 Days) Fig\lrcs of In-Field Transit

1%

Figure 3-34 Break Down of Noblewind offshore Wind Farm Decommissioning with Jack up + HLC
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Referring to Table 3-7, we can interpret and conclude the following:
e Duration of decommissioning is 88.86 days approximately which has reduction with
respect to pendulum configuration for 21 days.
e Approximately 27.72 days of the offshore operation is just related to positioning the
jack up vessel which means making the jack up vessel ready for operation. So, the

duration of positioning in the feeder and pendulum configurations is the same.

Important Note: the duration of positioning can change if either the spec of wind farm
change or the spec of installation vessel change. It varies with the number and size of
turbine, the water depth, depth of leg penetration etc. In other words, logistic configuration

cannot change duration of positioning.

e Having considered that the jack up vessel does not go to the port for offloading the
components, therefore, sailing’s duration reduced considerably from 3.17 days to 0.76
days. This sailing time is minimized remarkably. It means the 18 times sailing from port
to site reduced to two times.

e Duration of disassembly and removal will be the same as pendulum configuration
(41.15 days), but the percentage of this item increase since the overall duration of the

project is decreased.

Important Note: The duration of disassembly and lifting depends on the number of wind
turbines in the field and methods of disassembly. Therefore, logistic configuration does not

change the duration of disassembly, lifting and removal.

e [t should be noted that unplanned activities here mean waiting on weather (WOW),
waiting on client (WOC) and mechanical breakdown. Waiting on weather is assumed
25% of sailing, installation and offloading. Waiting on client and mechanical

breakdown is considered 2% of above-mentioned activities.

3.10.2.1.3 Time-Cost Analysis of Nobelwind OWP Decommissioning with Feeder
Configuration (HLV + Decom Tools Vessel)

The other possible logistic configuration is to use heavy lift vessel (HLV) for removal and

disassembly of wind turbine rotor, nacelle and tower and load them onboard a cargo vessel for

further transportation to port. By using this configuration, we can omit the duration of

positioning of the jack up vessel. Table 3-8 shows the result of using a heavy lift vessel and the

Hamed Askari & Ahmad Halimah 56|Page Master of Maritime Operations



University of Applied Sciences

iterreyg
North Sea Region

Y

An Ecco-Sustainable Approach to Decommission Offshore Wind Parks
HOCHSCHULE

EMDEN-LEER Decom Tools Vessel Design European Resions Bevsiasmentrind  EUROPEAN UNION

cargo vessel (here the Decom Tools vessel is considered as cargo vessel with a day rate of

400009).
Table 3-8 Results of Feeder Configuration (HLV + Decom Tools Vessel) in Decommissioning of
Nobelwind OWF
Results of Feeder Configuration in Decommissioning of Nobelwind OWF (HLV + Decom Tools Vessel)
Summary of Major Activities Duration (Day) Portion (%) Overall Charter ($)
Figures of Sailing 0.25 0.4% $50,353.11
Figures of In-Field Transit 0.35 0.6% $70,494.36
Figures of Offshore Construction 41.15 71.9% $ 8,229,166.67
Figures of Unplanned Activities 15.45 27.0% $ 3,089,505.23
Figures of Decom Tools Vessel 77.65 N/A $3,105,953.85
Grand Total 57.20 100.0% $ 14,545,473.22

Break Down of Activities for Decommissioning of Hornsea 1

OWP (HLV+Decom Tools Vessel)

Figures of Offshore
Construction, 41.15, 72%

Figures of Unplanned
Activities, 15.45,27%

j Figures of Sailing , 0.25,
Figures of In-Field 0%

Transit, 0.35, 1%

Figure 3-35 Break Down of Noblewind offshore Wind Farm Decommissioning with HLV + HLC

Having considered that heavy lift vessel is floating and is not a fixed vessel like jack up vessel,
then both wind and wave forces as environmental loads impact the stability of the vessel.

Therefore, in this configuration, the waiting on weather is considered 35% of sailing,
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installation and offloading time, which in the jack up vessel, it was considered 25%. Having
considered this fact, we can interpret the Table 3-8 as following:

e The duration of positioning which means jacking up/down the legs and
ballasting/deballasting will be omitted (it was 27.72 days for jack up). It means this type
of vessel does not need time for preparation except the DP trial which is between 2-6
hours. As soon as arrival to the field and conduction of the DP trial, they can start
disassembly and lifting operations.

e Duration of sailing excluding in-field sailing will be a little bit less than the jack up
vessel (the average speed of the HLV is 8.4 knots, 60% of the maximum speed which
is 14 knots).

e Also, duration of offshore disassembly will be the same as jack up vessel (since the
number of wind turbine and lifts are the same).

e Waiting on weather considered as 35% of sailing, installation and offloading duration

as explained before.

Conclusion: In this configuration, the decommissioning of wind turbines excluding transition
pieces, foundation and cables take 57.20 days. As a consequence, the cost of offshore operation
will be $ 14,545,473.22 if the decommissioning take place by using a heavy lift vessel and the
designed cargo vessel (Decom Tools Vessel). Considering the charter rate of heavy lift vessel

200000$ and the Decom Tools vessel 400008.

3.10.2.1.4 Time-Cost-Consumption-Emission Comparison of Various Logistic
Configurations for Decommissioning of Nobelwind OWP

In order to summarize the pros and cons of each logistic configuration in decommissioning of
Noblewind offshore wind park, the comparison has been made. Table 3-9 compares fuel
consumption, CO; emission, cost and duration of offshore operation for all three configurations.
Furthermore, the difference of each variable for various configurations has been calculated
based on base scenario. Having considered that for the installation of wind turbines of this wind
park, the pendulum configuration was opted, therefore, base scenario for the decommissioning
is the pendulum configuration. Not only the base scenario is the same logistics configuration,
but only does it mean the same installation vessel is considered for disassembly and removal.
It means that we have to calculate how much the variables?® will be in the base scenario, then
try to find an optimal, realistic and practical solution in order to optimize the variables.

Calculation is based on the technical specification of vessel, wind farms specification and the

2 Variable here means duration of project, project cost, fuel consumption and CO2 emission.
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assumed unplanned activities. The green cells show the best or lowest figure, the red cells show
the worst figure, and the yellow cells show the mediocre value.

As it shows, the best configuration in terms of fuels saving, CO> emission, project cost and
project duration is feeder configuration with utilizing a heavy lift vessel and the designed cargo
vessel (Decom Tools Vessel). In this case, duration of offshore operation will be 48% less than
base scenario, the cost will be about 34% less than base scenario, fuel consumption is 26% less
than base scenario and CO2 emission will be 27% less than the base scenario.

Table 3-9 Comparison of Duration, Cost, fuel Consumption and COZ2 Emission of Various Logistic
Configuration in Decommissioning of Nobelwind OWP

50 WT Comparison Table for Disassembly of Wind Turbines OWP: Nobelwind
Configuration Pendulum Feeder
Parameters DP2 Jack Up Jack Up + Decom Tools HLYV + Decom Tools
88.86 57.20
Duration (Day) ) -21 -53
Base Scenario 19% 48%
[ $22,0603564 | $ 21,898,134.8 $ 14,545,473.2
Cost (%) Base Scenario $ (162,221.6) $ (7,514,883.2)
0.74% 34.07%
1360.05 NS 100594
Fuel (Tons) ) 160.35 -354.11
Base Scenario 12% 26%
4352.16 NGOG s187.s8
CO2 Emission (Tons) Base Scenario 327.50 -1164.28
-8% 27%

Furthermore, the second optimum scenario is feeder configuration with utilizing a jack up
vessel with the Decom Tool vessel in term of cost and duration of project. In this case, duration
of offshore operation will be 19% less than base scenario, the cost will be about 0.74% less
than base scenario.

Furthermore, from fuel consumption and emission stance, it can be seen in the Table 3-9 that
in the feeder configuration by using the Decom Tools vessel and the jack up vessel, the fuel
consumption is 12% more than pendulum configuration and the CO; emission is 8% more than
pendulum configuration.

Therefore, in all three logistic configurations, the design of Decom Tools contributes to
reduction of project duration. However, fuel consumption and CO> emission in the feeder
configuration with combination of jack up vessel and Decom Tools vessel is slightly more than

pendulum configuration. However, in the feeder configuration with combination of HLV and
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Decom Tools vessel considerable saving in terms of time, cost, fuel consumption and emission

can be achieved.

3.10.2.1.5 Conclusion of Comparison of Various Logistic Configurations for
Decommissioning of Nobelwind OWP

The best logistic configuration for decommissioning of Noblewind wind farm is feeder

configuration by using a heavy lift vessel and the designed cargo vessel (Decom Tools vessel)

in the sense that all the parameters namely offshore duration, cost, fuel consumption and

emission is less than the base scenario. Furthermore, the objectives of the Decom Tools project

can be met with this logistic configuration and the designed vessel.

In the Table 3-9, the green cells show the most optimum configuration, and the red cells

indicates the highest and worst configuration. The yellow cells show the mediocre

configuration. As it shows, the second-best scenarios can be either pendulum configuration or

feeder configuration with a combination of jack up vessel and the Decom Tools vessel.

From cost and duration perspective, the combination of jack up vessel and the Decom Tools

vessel is better since in this configuration the duration of the operation is 19% less and the cost

is about 0.74% less than pendulum configuration.

From fuel consumption and emission stance, the pendulum configuration is better than the

combination of jack up vessel and the Decom Tools vessel since it consumes 12% less and emit

CO2 8% lower.

Figure 3-36, Figure 3-37, Figure 3-38 and Figure 3-39 depicts the duration, cost, consumption

and emission of decommissioning of the Nobelwind wind farm with three different logistic

configuration.

Time For Removal Of WT (Day)

DP2 Jack Up Jack Up+Decom Tools HLV + Decom Tools

Figure 3-36 Duration of Various Logistic Configuration in Decommissioning of Noblewind OWP
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Cost For Removal Of WT

$22,060,356.4 $21,898,134.8

$14,545,473.2

DP2 Jack Up Jack Up+Decom Tools HLV + Decom Tools
Figure 3-37 Cost of Various Logistic Configuration in Decommissioning of Noblewind OWP

Fuel (Tons) For Removal Of WT

1520.41

1360.05

1005.94

DP2 Jack Up Jack Up+Decom Tools HLV + Decom Tools

Figure 3-38 Fuel Consumption of Various Logistic Configuration in Decommissioning of Noblewind
owp

Co2 Emission (Tons) For Removal Of WT

4679.66

4352.16

3187.88

DP2 Jack Up Jack Up+Decom Tools HLV + Decom Tools

Figure 3-39 CO2 Emission of Various Logistic Configuration in Decommissioning of Noblewind OWP
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3.10.2.2 Second Case Study-Hornsea One Offshore Wind Farm

This wind farm consists of 174 Siemens Gamesa SWT-7.0-154 turbines and is the world’s
largest offshore wind farm to date*® (Fred. Olsen Windcarrier 2020). Hornsea One is located
120km from shore (Yorkshire, England) which is the furthest offshore wind farm has ever been
built (Fred. Olsen Windcarrier 2020). Bold Tern which is a DP2 Jack-up vessel transported and
installed the towers, nacelles, and rotors of this wind park with pendulum configuration. It
started sailing to the field on 4 February 2019 and 91 set of wind turbines excluding foundation
were completely installed on 25 September 2019 with pendulum configuration. It means
transportation and installation of 91 set of wind turbines excluding foundation took 234 days.
During installation, on each voyage, 4 sets of nacelle, rotor and tower were loaded on the vessel.
The fuel consumption of the vessel based on its technical specification is as following:

e Transit speed of 10 knots [t/24h]: 45

e Elevated, standby [t/24h]: 5-6

e Elevated, crane work [t/24h]: 6-8 (Fred. Olsen Windcarrier 2020) (Fred. Olsen

Windcarrier 2020)

3.10.2.2.1 Time-Cost Analysis of Hornsea 1 OWP Decommissioning with Pendulum
Configuration

The logistic configuration for the installation was pendulum configuration. Therefore, the base

scenario for the decommissioning will be pendulum configuration with the same installation

vessel. Having considered the jack up vessel and wind farm specification, the result of

developed program demonstrated the figures which are shown in the Table 3-10 for pendulum

configuration.

Table 3-10 Results of Pendulum Configuration in Decommissioning of Hornsea 1 OWF

Results of Pendulum Configuration in Decommissioning of Hornsea 1 OWF (Jack up for T & I)

Summary of Major Activities | Duration (Day) Portion (%) Overall Charter ($)
Figures of Positioning 56.24 25.2% $11,248,611.11
Figures of In-Field Transit 1.89 0.8% $378,347.73
Figures of Sailing 17.25 7.7% $ 3,449,724.02
Figures of Offshore Construction 74.89 33.5% $14,977,083.33
Figures of Offloading 25.59 11.5% $5,118,750.00
Figures of Unplanned Activities 47.48 21.3% $9,496,579.37
Grand Total 223.35 100.0% $ 44,669,095.57

30 November 2020
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Break Down of Activities for Decommissioning of Hornsea 1
OWP with Pendulum Configuration

Figures of Unplanned

Activities, 47.48, 21%

\ Figures of Positioning, 56.24, 25%

Figures of Offloading,
25.59,11%

Figures of In-Field

Transit, 1.89, 1%

Figures of Sailing , 17.25,
8%

Figures of Offshore
Construction, 74.89,
34%

Figure 3-40 Break Down of Hornsea 1 offshore Wind Farm Decommissioning with a Jack up

According to Table 3-10 and Figure 3-40, we can interpret and conclude the following:

e The duration of decommissioning of this wind farm in this configuration calculated 223
days.

e Approximately 25.2% (56.24 Days) of the project is just related to positioning the jack
up vessel which means making the jack up vessel ready for operation.

o 11.5% (25.59 days) of the operation time is just for being at port for offloading the
items.

o 7.7% (17.25 days) is for sailing time between port and wind farm (24 times inward +
24 times outward).

e In-field sailing (between turbines) constitute 0.8% of overall offshore operation.

o 33.5% (74.89 days) of the offshore operation is construction time.

e [t should be noted that unplanned activities mean waiting on weather (WOW), waiting
on client (WOC) and mechanical breakdown. For the jack up vessel, the waiting on
weather (WOW) is considered 25% and waiting on client and mechanical breakdown is

assumed 2% of workable time.
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Conclusion: From a financial perspective, the overall cost of offshore operation of
decommissioning of Hornsea 1 OWF with pendulum configuration is about 44,669,095.57 §,

considering the daily charter rate of construction vessel 200 00008$.

Time-Cost Analysis of Hornsea 1 OWP Decommissioning with Feeder Configuration
(Jack up + Decom Tools Vessel)

In this configuration, the jack up vessel which was used for installation of this OWP is
considered for disassembly and lifting of turbines components. Furthermore, the Decom Tools
vessel which is designed as a part of this research is considered for transportation of
disassembled items to port or decommissioning yard for further disassembly, recycling etc.
Table 3-11 shows the results of decommissioning by this configuration. As you can see in this
configuration, the duration of offshore operation is reduced by 24% or 53 days.

The daily charter rate of jack up vessel is considered 200 000$ and charter rate of the Decom
Tools vessel is considered 40 0008§.

Table 3-11 Results of Feeder Configuration in Decommissioning of Hornsea 1 OWF (Jack Up+
Decom Tools vessel)

Results of Feeder Configuration in Decommissioning of Hornsea 1 OWF (Jack up + Decom Tools)

Summary of Major Activities Duration (Day) Portion (%)  Overall Charter ($)
Figures of Positioning 56.24 33.1% $11,248,611.11
Figures of Sailing 0.75 0.4% $ 149,988.00
Figures of In-Field Transit 1.89 1.1% $378,347.73
Figures of Offshore Construction 74.89 44.1% $14,977,083.33
Figures of Unplanned Activities 36.12 21.3% $7,223,588.15
Figures of Decom Tools Vessel 186.82 N/A $7,960,136.16
Grand Total 169.89 100.0% $ 41,937,754.49

According to Table 3-11 and Figure 3-41, we can interpret and conclude the following:
e The duration of decommissioning of this wind farm in this configuration calculated
169.89 days which is 53 days (24%) less than pendulum configuration.
e Approximately 33.1% (56.24 Days) of the project is just related to positioning the jack
up vessel which means making the jack up vessel ready for operation.
e 0.75% (1.89 days) is for sailing time between port and the wind farm. The sailing time
reduced from 17.25 days to 1.89 days.
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e In-field sailing (between turbines) constitute 0.4% of overall offshore operation.

o 44.1% (74.89 days) of the offshore operation is construction time.

Important Note: The duration of disassembly and lifting does not change with change of logistic

configuration.

e It should be noted that unplanned activities mean waiting on weather (WOW), waiting
on client (WOC), mechanical breakdown etc. For the jack up vessel, the waiting on
weather (WOW) is considered 25% and waiting on client and mechanical breakdown is
assumed 2%. For the Decom Tools vessel as it explained before, the waiting on weather

is considered 35% of working time and WOC is considered 2%.

Conclusion: The overall cost of decommissioning of this wind park with this logistic

configuration is 41,937,754.498 considering 200 000$ for the charter rate of jack up vessel and

4000089 for the charter rate of Decom Tool vessel.

Break Down of Activities for Decommissioning of Hornsea 1

OWP (Jack Up+ CV)

Figures of Offshore Construction
44% (72 Days)

Figures of Unplanned Activities
21% (24.3 Days)

Figures of Positioning
t=] [=
2720/ 2 NK ~
Figures of Sailing 33% (68.45 Days)

1% (2.8 Days)

Figures of In-Field Transit

1%

Figure 3-41 Break Down of Hornsea 1 offshore Wind Farm Decommissioning with a Jack Up+
Decom Tools Vessel
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3.10.2.2.2 Time-Cost Analysis of Hornsea 1 OWP Decommissioning with Feeder
Configuration (DP2 HLV + Decom Tools Vessel)

Another calculation with the developed program has been made for another logistic
configuration. In this configuration, combination of a heavy lift vessel along with the designed
heavy load carrier is doing decommissioning of this wind farm. In this configuration, the HLV
remains in the field just for disassembly and lift of wind turbine components and the heavy load
carrier (Decom Tools Vessel) transport the disassembled components to shore. The result of
this program for this configuration is shown in Table 3-12 and Figure 3-42.

Table 3-12 Results of Feeder Configuration in Decommissioning of Hornsea 1 OWF (HLV+HLC)

Results of Feeder Configuration in installation of Hornsea 1 OWF (HLV + Decom Tools Vessel)
Summary of Major Activities Duration (Day) Portion (%) Overall Charter ($)

Figures of Sailing 0.64 0.6% $ 128,561.14
Figures of In-Field Transit 0.75 0.7% $ 149,988.00
Figures of Offshore Construction 74.89 71.7% $ 14,977,083.33
Figures of Unplanned Activities 28.22 27.0% $ 5,644,584.02
Figures of Decom Tools Vessel 145.52 N/A $ 5,883,469.50
Grand Total 104.50 100.0% $ 26,783,685.99

According to Table 3-12 and Figure 3-42, we can interpret and conclude the following:

e The duration of decommissioning of this wind farm in this configuration calculated
104.5 days which is 119 days less than pendulum configuration. With jack up vessel,
about 56.24 days of the project is belonged to positioning the jack up vessel which this
duration is not applied for the heavy lift vessel.

e (.64 days is the sailing time between port to wind farm.

e In-field sailing (between turbines) takes 1.89 days.

e Disassembly and lifting operation constitute 74.89 days (70.6%). The duration will not
be changed by changing of logistic configuration.

e [t should be noted that unplanned activities mean waiting on weather (WOW), waiting
on client (WOC) and mechanical breakdown in this research. For the heavy lift vessel,

the waiting on weather (WOW) is considered 35%°>' and waiting on client and

31 Since the DP2 HLV is a floating vessel, it has all 6 motions. Therefore, in addition to the wind other
environmental load such as wave, swell, current etc will impact the workability of the vessel. So, in the North Sea,

the waiting on weather for HLV is considered 35%.
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mechanical breakdown is assumed 2%. Therefore, in this case the duration of bad

weather is 26.7 days and mechanical break down and WOC is 1.53 days.

Conclusion: The overall cost of decommissioning of this wind park with this logistic
configuration is $26,783,685.99 considering 200 000$ for the charter rate of the heavy lift

vessel and 400008 for the charter rate of Decom Tool vessel

Break Down of Activities for Decommissioning of Hornsea 1

OWP (HLV+Decom Tools Vessel)

Figures of Offshore
Construction, 74.89,
72%

Figures of Unplanned
Activities, 28.22, 27%

Figures of Sailing , 0.64,
Figures of In-Field 0%
Transit, 0.75, 1%

Figure 3-42 Break Down of Hornsea 1 offshore Wind Farm Decommissioning with a HVL + Decom
Tools Vessel

3.10.2.2.3 Time-Cost-Consumption-Emission Comparison of Various Logistic
Configurations for Decommissioning of Hornsea 1 OWP

In order to summarize the pros and cons of each logistic configuration in decommissioning of
Hornsea 1 offshore wind park, the comparison has been made. Table 3-13 compares fuel
consumption, CO; emission, cost and duration of offshore operation for all three configurations.
Furthermore, the difference of each variable for various configurations has been calculated
based on base scenario. Having considered that for the installation of wind turbines of this wind
park, the pendulum configuration was opted, therefore, base scenario for the decommissioning
is the pendulum configuration. Not only the base scenario is the same logistics configuration,

but only does it mean the same installation vessel is considered for disassembly and removal.
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It means that we have to calculate how much the variables®? will be in the base scenario, then
try to find an optimal, realistic and practical solution in order to optimize the variables.
Calculation is based on the technical specification of vessel, wind farms specification and the
assumed unplanned activities. The green cells show the best or lowest figure, the red cells show

the worst figure, and the yellow cells show the mediocre value.

Table 3-13 Financial, Duration and CO2 Emission Comparison of Various Logistic Configuration in
Decommissioning of Hornsea I offshore Wind Park

OWP: Hornsea 1 Comparison Table for Disassembly of 91 Wind Turbines
Configuration Pendulum Feeder
Parameters DP2 Jack Up Jack Up+Decom Tools | HLV + Decom Tools
169.89 104.50
Duration (Day) -53 -119
Base Scenario
24% 53%
Cost ($) $ (2,731,341.1) $ (17,885,409.6)
Base Scenario
6.11% 40.04%
Fuel (Tons) -165.82 -648.17
Base Scenario
6% 24%
7742.04 6482.45
CO2 Emission (Tons) -906.16 -2165.75
Base Scenario
10% 25%

As it shows, the best configuration in terms of fuels saving, CO> emission, project cost and
project duration is feeder configuration with utilizing a heavy lift vessel and the designed cargo
vessel, Decom Tools Vessel. In this case, duration of offshore operation will be 53% less than
base scenario (119 days), the cost will be about 40% less than base scenario $ 17,885,409.6, fuel
consumption is 24% less than base scenario and the CO2 emission will be 25% less than the

base scenario. Furthermore, the second optimum scenario is again feeder configuration with

32 Variable here means duration of project, project cost, fuel consumption and CO2 emission.
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utilizing a jack up vessel with the Decom Tools vessel. In this case, duration of offshore
operation will be 24% less than base scenario, the cost will be about 6.11% less than base
scenario, the fuel consumption around 6% less than the base scenario and CO; emission will be
10% less than the base scenario which was the pendulum configuration.

Figure 3-43, Figure 3-44, and Figure 3-46 depicts the duration, cost, fuel consumption as well

emission of decommissioning of Hornsea 1 respectively.

Time For Removal Of WT (Day)

DP2 Jack Up Jack Up+Decom Tools HLV + Decom Tools

Figure 3-43 Duration of Decommissioning of Hornsea 1 OWP

Cost For Removal Of WT (§)

$44,669,095.6 $41,937,754.5

DP2 Jack Up Jack Up+Decom Tools HLV + Decom Tools

Figure 3-44 Cost of Various Logistic configuration for Decommissioning of Hornseal OWP
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Fuel For Removal Of WT (Tons)

2531.69

DP2 Jack Up Jack Up+Decom Tools HLV + Decom Tools

Figure 3-45 Fuel Consumption of Various Logistic configuration for Decommissioning of Hornseal OWP

CO2 Emission (Tons) For Removal Of WT

II

DP2 Jack Up Jack Up+Decom Tools HLV + Decom Tools

Figure 3-46 CO2 Emission of Various Logistic configuration for Decommissioning of Hornsea I OWP

3.10.2.2.4 Conclusion of Comparison of Various Logistic Configurations for
Decommissioning of Hornsea 1 OWP

The best logistic configuration for decommissioning of Hornsea 1 wind farm is feeder

configuration by using a heavy lift vessel and the designed cargo vessel in the sense that saving

in terms of time, fuel consumption, project cost and emission will be achieved. In addition, all

the objectives of the Decom Tools can be met with this logistic configuration and the designed

vessel for transportation of component to shore.
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3.10.2.3 Third Case Study-Hohe See & Albatros Offshore Wind Farm

Hohe See wind farm is located around 95 kilometres north of Borkum and around 100
kilometres north-west of Helgoland in the water depth of 40 meter. It consists of 71 numbers
of 7.0 megawatts Siemens wind turbine with hub height of 105 meter and the rotor diameter of
154 meter. While (Hohe See Extension) Albatros lies 105 kilometres from both Borkum and
Helgoland coast and consists of 16 number of above-mentioned turbines. Figure 3-47 shows
the schematic of these two wind farms. Brave Tern and Blue Tern which are two DP2 Jack-up
vessel installed this wind park with tandem*® configuration. According to official website of
the transportation and installation contractor, half of the wind turbines were installed by Brave
Tern and another half by Blue Tern (Fred. Olsen Windcarrier 2019). Figure 3-48 shows
installation of this wind parks by these two fleets. On 5 April 2019, Brave Tern (a jack up DP2
Vessel) installed first turbine on Hohe See and the last turbine installation completed on the 12
August 2019. After completion of installation of Hohe See turbines, installation of first turbine
on the Hohe See extension commenced on 21 August 2019 and the last turbine emplaced on 20
September 2019. The installation of a total of 87 Siemens Gamesa SWT-7.0-154 turbines at the
Hohe See completed on 20 September 2019 which means installation took 169 days (Fred Olsen
n.d.) (Fred. Olsen Windcarrier 2019). Having considered that in installation of these two wind
farms, two jack-up vessels which have almost similar specification have been involved, we can
assume that if just one vessel used for installation of this wind farm, the duration would take

302 days (however, it cannot be so accurate estimation).

EnBW #HoheSee and EnBW #Albatros:
One of the biggest projects in EnBW history

#HoheSee #Albatros : #HoheSee #Albatros

+

7 turbines 16 turbines

& P
Joint project with

Saves 1.9 million tonnes Canadian partner Enbridge

Area of 42 km? 11 km?

#HoheSee #Albatros
‘k " .-,} - — . |
497 MW capacity 112 MW capacity & - | o) Germany's largest
Arithmetical in total 2.5 billion kWh of electricity b *--v—"f""v y offshore wind farm project
for around 710,000 households — under construction

Figure 3-47 Facts and Figures about Hohe See and Albatros Wind Farm (EnBw n.d.)

33 Tandem configuration means two installation vessels simultaneously installed the wind park turbines.
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Figure 3-48 Tandem Installation of Hohe See Wind Farm in Germany

Note: In the tandem configuration (when two or more vessels work simultaneously), both
vessels face bad weather at the same time. The duration of waiting on weather will be the same
for both vessels in the same OWP, depending on the vessel’s stability. Then in case of
employing same equipment and equal number and qualification of crew, the duration of

operation will be the same approximately.

3.10.2.3.1 Time-Cost Analysis of Hohe See & Albatros OWP Decommissioning with
Pendulum Configuration (Reverse to the Installation)

The logistic configuration for the installation was pendulum configuration. Therefore, the base

scenario for the decommissioning will be pendulum configuration with the same installation

vessel. Having considered the jack up specification and wind farm specification, the result of

developed program demonstrated the following figures for pendulum configuration.

Table 3-14 Results of Pendulum Configuration in Decommissioning of Hohe See OWF (Jack up DP2)

Results of Pendulum Configuration in Decommissioning of Hohe See OWF (Jack up DP2)
Summary of Major Activities Duration (Day) Portion (%) Overall Charter ($)

Figures of Positioning 51.80 25.6% $10,360,940.48
Figures of In-Field Transit 1.81 0.9% $361,717.06
Figures of Sailing 9.37 4.6% $1,874,850.01
Figures of Offshore Construction 71.59 35.4% $ 14,318,750.00
Figures of Offloading 24.47 12.1% $ 4,893,750.00
Figures of Unplanned Activities 42.94 21.3% $ 8,588,702.04
Grand Total 201.99 100.0% $ 40,398,709.59
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Break Down of Activities for Decommissioning of Hornsea 1
OWP with Pendulum Configuration

Figures of Positioning, 51.80,
Figures of Unplanned 26%

Activities, 42.94,21%

Figures of Offloading, \ Figures of In-Field

24.47,12% 9 Transit, 1.81, 1%

Figures of Sailing , 9.37,

/
5 9’"()

Figures of Offshore
Construction, 71.59,
35%

Figure 3-49 Break Down of Hohe See offshore Wind Farm Decommissioning with the Jack Up Vessel

According to Figure 3-49 and Table 3-14, we can interpret and conclude the following:

e The duration of decommissioning of this wind farm in this configuration calculated 202
days approximately with one vessel (Installation took place 169 day with two vessels).

e Approximately 25.6% (51.80 Days) of the project is just related to positioning the jack
up vessel which means making the jack up vessel ready for operation.

e 12.1% (24.47 days) of the operation time is just for being at port for offloading the
items.

o 4.6% (18.47 days) is for sailing time from port to site (15 times inward + 15 times
outward) and,

o 35.4% (72.9 days) of the offshore operation is installation time

e [t should be noted that unplanned activities mean waiting on weather (WOW), waiting
on client (WOC) and mechanical breakdown. For the jack up vessel, the waiting on
weather (WOW) is considered 25% and waiting on client and mechanical breakdown is
assumed 2%.

It should be noted that the daily charter rate of the construction vessel (the day rate of jack

up which should be used for disassembly is considered 2000008).
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3.10.2.3.2 Time-Cost Analysis of Hohe See OWP Decommissioning with Feeder

Configuration (Jack Up vessel + Decom Tools Vessel)

In this configuration, the jack up vessel which was used for installation of this OWP is
considered for disassembly and lifting of turbines components. Furthermore, a heavy lift carrier
(cargo vessel) which is designed as a part of this research (the Decom Tools vessel) is
considered for transportation of disassembled items to port or decommissioning yard for further
disassembly, recycling etc. Table 3-15 shows the results of decommissioning by this
configuration. As you can see in this configuration, the duration of offshore operation is reduced
to 160 day which means 24% reduction in duration of offshore operation.

Table 3-15 Results of Feeder Configuration in Decommissioning of Hohe See OWF (Jack up DP2 +
Decom Tools Vessel)

Results of Feeder Configuration in Decommissioning of Hohe See OWF (Jack up DP2 + Decom Tools
Vessel)

Summary of Major Activities | Duration (Day) Portion (%) Overall Charter (%)
Figures of Positioning 51.80 32.4% $10,360,940.48
Figures of In-Field Transit 0.62 0.4% $361,717.06
Figures of Sailing 1.81 1.1% $124,990.00
Figures of Offshore Construction 71.59 44 8% $ 14,318,750.00
Figures of Unplanned Activities 33.97 21.3% $6,794,927.34
Figures of Decom Tools Vessel 179.13 N/A $ 7,208,775.04
Grand Total 159.81 100.0% $ 39,170,099.91

According to Table 3-15 and Figure 3-50, we can interpret and conclude the following:

e The duration of decommissioning of this wind farm in this configuration calculated
159.81 days which is 42 days (21%) less than pendulum configuration.

e Approximately 32% (51.8 Days) of the project is just related to positioning the jack up
vessel which means making the jack up vessel ready for operation.

e 0.4% (0.62 days) is for sailing time from port to site (1 time inward + 1 time outward).

e Infield transits constitute 1.1% of the offshore operation. In this mode. The service
speed of the vessel is 1 knot.

o 448% (71.6 days) of the offshore operation is construction time (the time of
disassembly).

e [t should be noted that unplanned activities mean waiting on weather (WOW), waiting

on client (WOC), mechanical breakdown etc. For the jack up vessel, the waiting on

Q
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weather (WOW) is considered 25% and waiting on client and mechanical breakdown is

assumed 2%. This time is calculated 34 days approximately.

Break Down of Activities for Decommissioning of Hornsea 1

OWP (Jack Up+ Decom Tools Vessel)

Figures of Offshore Construction A . 1
45% (72 Days) igures of Unplanned

/ Activities
21% (24.3 Days)

Figures of Positioning
Figures of In-Field 33% (68.45 Days)
Figures of Sailing Transit

0% (2.8 Days) 1%

Figure 3-50 Break Down of Hohe See offshore Wind Farm Decommissioning with a Jack Up +
Decom Tools Vessel

Important Note: The duration of disassembly and lifting does not change with change of

logistic configuration.

e [t should be noted that unplanned activities mean waiting on weather (WOW), waiting
on client (WOC), mechanical breakdown etc. We consider unplanned activities 15% of

sailing and installation time.

Conclusion: The overall cost of decommissioning of this wind park with this logistic configuration
is $39,170,099.91, considering 200 000$ as charter rate of the jack up vessel and 40000$ as charter

rate of Decom Tool vessel.

3.10.2.3.3 Time-Cost Analysis of Hohe See OWP Decommissioning with Feeder
Configuration (DP2 HLV+Decom Tools Vessel)

Another calculation with the developed program has been made for another logistic

configuration. In this configuration, combination of a heavy lift vessel along with the designed

heavy lift carrier (Decom Tools vessel) assumed to carry out decommissioning of this wind

farm. In this configuration, the HLV remains in the field just for disassembly and lift of wind
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turbine components and the heavy load carrier (Decom Tools vessel) transport the disassembled
components to shore. The result of this program for this configuration is shown in Table 3-16
and Figure 3-51

According to Figure 3-51 and Table 3-16, we can interpret and conclude the following:

e The duration of decommissioning of this wind farm in this configuration calculated
99.67 days which is 102 days (51%) less than pendulum configuration. With jack up
vessel, about 52 Days of the project is belonged to positioning the jack up vessel which
this duration is not applied for the heavy lift vessel.

e (.54 days is for sailing time from port to site.

e Figure of infield transit remain the same as other configuration 1.89 days.

e Disassembly and lifting operation constitute 71.59 days. This duration will not be
changed by changing of logistic configuration.

It should be noted that unplanned activities mean waiting on weather (WOW), waiting on client
(WOC), mechanical breakdown etc. For the heavy lift vessel, the waiting on weather (WOW)
is considered 35% and waiting on client and mechanical breakdown is assumed 2%. Since the
jack up vessel is a stable vessel while is positioned, the waiting on weather for jack up vessel
is considered 25% and for heavy lift vessel, the waiting on weather is considered 35%. This
time is calculated 26.92 days for this logistic configuration.

Again, in this calculation, the charter rate of heavy lift vessel is considered 200000$ and the
charter rate of the Decom Tools vessel is considered 40000$. Therefore, the cost of

decommissioning is calculated based on above-mentioned charter rates.

Table 3-16 Results of Feeder Configuration in Decommissioning of Hohe See OWF (HLV DP2 +
HLC)

Results of Feeder Configuration in Decommissioning of Hohe See OWF (HLV DP2 + Decom Tools Vessel)

Summary of Major Activities = Duration (Day) Portion (%) Overall Charter ($)
Figures of Sailing 0.54 0.5% $107,134.29
Figures of In-Field Transit 0.62 0.6% $124,990.00
Figures of Offshore Construction 71.59 71.8% $14,318,750.00
Figures of Unplanned Activities 26.92 27.0% $ 5,383,823.49
Figures of Decom Tools Vessel 137.35 N/A $ 5,493,860.75
Grand Total 99.67 100.0% $ 25,428,558.52
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Break Down of Activities for Decommissioning of Hornsea 1 OWP
(HLV+Decom Tools Vessel)

Figures of Offshore
Construction, 71.59, 72%

Figures of Unplanned
Activities, 26.92, 27%

Figures of Sailing , 0.54,

Figures of In-Field 0%
Transit, 0.62, 1%

Figure 3-51 Break Down of Hohe See offshore Wind Farm Decommissioning with a HLV DP2+ Decom Tools
Vessel

3.10.2.3.4 Time-Cost-Consumption-Emission Comparison of Various Logistic
Configurations for Decommissioning of Hohe See OWP

In order to summarize the pros and cons of each logistic configuration in decommissioning of
Hohe See offshore wind park, the comparison has been made by the developed program. Table
3-17 compares fuel consumption, CO> emission, cost and duration of offshore operation for all
three configurations. Furthermore, the difference of each variable for various configurations
has been calculated based on base scenario. Having considered that for the installation of wind
turbines of this wind park, the pendulum configuration was opted, therefore, base scenario for
the decommissioning is the pendulum configuration. Not only the base scenario is the same
logistics configuration, but only does it mean the same installation vessel is considered for
disassembly and removal. It means that we have to calculate how much the variables will be in
the base scenario, then try to find an optimal, realistic and practical solution in order to optimize

the variables.
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Table 3-17 Financial, Duration and CO2 Emission Comparison of Various Logistic Configuration in
Decommissioning of Hohe See OWP

Hohe See & Albatros Comparison Table for Disassembly of 87 Wind Turbines

Configuration Pendulum Feeder

Parameters DP2 Jack Up Jack Up+Decom Tools | HLV + Decom Tools

159.81 99.67

Duration (Day) -42 -102

Base Scenario

21% 51%

_ $ 39,170,099.9 $25,428,558.5

Cost (%) $ (1,228,609.7) $ (14,970,151.1)
Base Scenario
3.04% 37.06%
Fuel (Tons) 123.92 -704.86
Base Scenario
-5% 27%
CO2 Emission (Tons) 47.45 -2335.41
Base Scenario
-1% 28%

Calculation is based on the technical specification of vessel, wind farms specification and the
assumed unplanned activities.

The green cells show the best or lowest figure, the red cells show the worst figure, and the
yellow cells show the mediocre value. As it shows, the best configuration in terms of fuels
saving, CO; emission, project cost and project duration is feeder configuration with utilizing a
heavy lift vessel and the designed heavy load carrier. In this case, duration of offshore operation
will be 51% less than base scenario, the cost will be about 37% less than base scenario, fuel
consumption is 27% less and the CO2 emission will be 28% less than the base scenario.
Furthermore, the second optimum scenario from project cost and offshore duration perspective,
is again feeder configuration with utilizing a jack up vessel with the designed heavy lift carrier
(the Decom Tools vessel).

In this case, duration of offshore operation will be 21% less than base scenario and the cost is
about 3% less than pendulum configuration. On the other hand, the fuel consumption is about

5% more and CO; emission is 1% more than the base scenario.
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Figure 3-52, Figure 3-53, Figure 3-54 and Figure 3-55 show respectively the duration, cost, fuel
consumption and emission of decommissioning of Hohe See & Albatros wind farm with three

different logistic configurations.

Time For Removal Of WT (Day)

DP2 Jack Up Jack Up+Decom Tools HLV + Decom Tools

Figure 3-52 Duration of Decommissioning of Hohe See OWP

Cost For Removal Of WT (%)

$40,398,709.6 $39,170,099.9

$25,428,558.5

DP2 Jack Up Jack Up+Decom Tools HLV + Decom Tools

Figure 3-53 Cost of Decommissioning of Hohe See OWP
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Fuel (Tons) For Removal Of WT

2764.66
2640.74
1935.87

DP2 Jack Up Jack Up+Decom Tools HLV + Decom Tools

Figure 3-54 Fuel Consumption of Decommissioning of Hohe See OWP

Co2 Emission (Tons) For Removal Of WT

II

DP2 Jack Up Jack Up+Decom Tools HLV + Decom Tools

Figure 3-55 CO2 Emission of Decommissioning of Hohe See OWP

3.10.2.3.5 Conclusion of Comparison of Various Logistic Configurations for
Decommissioning of Hohe See OWP
The best logistic configuration for decommissioning of Hohe See wind farm is feeder

configuration by using a heavy lift vessel and the designed cargo vessel (the Decom Tools
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vessel) in the sense that saving can be achieved in terms of offshore operation duration, offshore
cost, fuel consumption as well as CO2 emission. Furthermore, all objectives of the Decom Tools
can be met with this logistic configuration and the designed vessel during disassembly and
transportation of component to shore.

3.10.3 Conclusion of Time-Cost-Consumption-Emission Analysis

In all three cases the optimum logistic configuration is feeder configuration with combination
of a heavy lift vessel for disassembly and lifting of rotor, nacelle and tower and the designed
cargo vessel (Decom Tools Vessel) in order to transport the components from site to nearest

decommissioning yard or port.

Table 3-18 Comparison of Vital Variables of Decommissioning in all Three OWPs

Variables OWP Pendulum Jack Up+ Decom Tools HLV+ Decom

Vessel Tools Vessel

Noblewind 19% 48%

Hornsea 1 24% 53%

Duration Hohe See Base Scenario 1% 51%
Average 21.33% 50.67%

Noblewind 0.74% 34%

Hornsea 1 . 6.11% 40%

Cost Hohe See Base Scenario 3% 37%

Average 3.28% 37%

Noblewind -12% 26%

Hornsea 1 . 6% 24%

Fuel Hohe See Base Scenario 59 27%
Average -3.66 25.67%

Noblewind -8% 27%

Hornsea 1 ' 10% 25%

Emission Hohe See Base Scenario 1% 8%

Average 0.33% 27%

The average saving in this configuration with respect to reverse installation which was
pendulum configuration in all three cases study are listed in the Table 3-18.

1. Time saving: 50.67%

Hamed Askari & Ahmad Halimah 8l|Page Master of Maritime Operations



- University of Applied Sciences . . .
& o An Ecco-Sustainable Approach to Decommission Offshore Wind Parks HNeITeY
HOCHSCHULE North Sea Region

EMDEN-LEER Decom Tools Vessel Design Europesn Regional Bevelopmentrund  EUROPEAN UNION

2. Cost Saving: 37%
3. Fuel Consumption:25.67%

4. CO: emission saving: 27%
According to the above results and Table 3-18, by design of the Decom Tools vessel and
utilization of the feeder configuration with combination of a heavy lift vessel and the Decom
tools vessel, the objectives of the Decom Tools project can be achieved.
Table 3-18 shows the value of duration, cost, fuel consumption and emission of all three case
studies. The yellow and the green cells shows the average of this parameters in these case
studies.
¢ In conclusion, the best configuration is a combination of fleet including a heavy lifting
vessel (HLV) with designed cargo vessel (Decom Tools vessel).
% In the decommissioning of Noblewind and Hohe See offshore wind park, the fuel
consumption and emission in the logistic configuration by using a jack up vessel and
the Decom Tools vessel is more than pendulum configuration. The reasons why fuel
consumption as well as emission in these two wind farms are higher than pendulum
configuration correlate with the distance of wind farm and the number of wind turbines
in a wind farm. Therefore, for the calculation of time, cost, fuel consumption and
emission, the factors such as number of wind turbines, the size of them, spec of the
vessels, water depth and so forth impact. Consequently, the time-cost-consumption-
emission study should be conducted case by case in order to make the right decision.
% Interestingly same research has been done by Seaway Heavy lifting company in the

Netherland which the result is comparable with our findings. Their result can be found

in this Link.

i}
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4 Ship Propulsion System
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4.1 Introduction to Propulsion System

Together with the manoeuvring equipment, the propulsion system of a vessel is undoubtedly
the most important system on board. The design and dimensioning of the various propulsion
systems depend on various factors, which are described below. Propulsion system always
provides the necessary power to keep the ship on the desired course or location at the desired
speed. Over 97% of today's ships are equipped with diesel engines. However, in the offshore
industry, most of the vessels are equipped with electrical propulsion system. In this propulsion
type, electricity is generated by generators. Generators are coupled to the engines which these
engines are powered by diesel, then the electrical energy is distributed to the network for
various consumers. It should be noted that all the vessels that are equipped with DP, need

electrical propulsion system.

In the Figure 4-1 the main components of propulsion system are described.

Power Power
Power Generator o
Transmission Convertor
* Diesel Engines with * Shaft with bearing and * Fixed Pitch Propeller
mechanic power output sealing « Controllable Pitch
* Diesel Generator with * Reduction gear Propeller (CPP)
electric power output * Reduction and Reverse * Electric motor with
* LNG-powered Engine with gear propeller
Electrical output * Electric System « Voith Schneider Prop

* Gas Turbines
* Nuclear energy
* Solar System
* Wind Energy

» Water Jet System

Figure 4-1 Main Components of Propulsion System

In addition to the technological advancement, regulation outlining the measure that need to be
taken by ship in yards and ship owners. The shipping industry is under increasing pressure to
act upon the Paris Agreement and reduce greenhouse gas (GHG) emissions. The substantial
emission reductions which must be achieved over the next decades are expected to drive
technology development and, in particular, the introduction of low-carbon fuels. Furthermore,
authorities are increasingly paying attention to the consequences of hazardous NOx, SOx and
particle emissions at the local level.

Prior to selection of the propulsion system for the designed ship, we review all the available,
reasonable and feasible propulsion systems in the market. Then the best decision will be made

for the design vessel.
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4.2 Engine Types

Internal combustion engines are heat engines in which the thermal energy is generated directly
in the engine by burning the fuel and partially converted into mechanical energy (rotation of
the crankshaft). The most common types of combustion engines are 2 stroke and 4 stroke
engines.

4.2.1 4-Stroke Engines

With 4-stroke engines, each cylinder only burns every 2 revolutions. Each of the four work
sequences "intake", "compression", "expansion" and "extension" requires a piston movement
from bottom dead centre (BDC) to bottom dead centre (TDC) or vice versa, i.e. half a crankshaft

rotation. The four work sequences each form a so-called cycle. For gas exchange, four-stroke

engines have a valve control system with one or two intake and exhaust valves per cylinder.

fuel injector

cylinder head exhaust gas valve

MR e exhaust gas outlet

charge air

inlet
combustion
chamber

TDC

cylinder liner piston with piston rings

BDC
oy e Connecting rod (pleuel)
crankshaft
Crank Cycle

Figure 4-2 Cross Section of 4 Stroke Diesel Engine

In the four-stroke engine makes use of four distinct piston strokes for its operating cycle (see
Figure 4-2 and Figure 4-3). This internal combustion engine’s cycle requires two passes within
the cylinder, completing two 360° revolutions of the crankshaft and the piston. The four stroke

engines are the most common and popular engines in the market.
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Figure 4-3 First and Second Stroke of 4-Stroke Engine

Figure 4-4 Third and Fourth Stroke of 4-Stroke Engine

4.2.2 2-Stroke Engines

The process of two-stroke engines is the same as a four-stroke, but combustion complete in one
revolution of the crankshaft only. The engine is designed in such a way that the Induction,
Compression, Power, and Exhaust steps could occur simultaneously between the two-stroke

cycles. This innovation allows for greater efficiency within the process.
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fuel injector - exhaust gas valve
cylinder- | Exhaust gas reciver
cover ‘
(to the tubo charger)
combustion | _——— cylinder liner
chamber
—— piston with piston rings
it « Scavenge air reciver
piston rod (from the turbo charger)
sealing -
piston rod
crosshead —|
—— crosshead bearing
A- frame — |

connecting rod

crankshaft

Figure 4-5 Cross Section of 2-Stroke Crosshead Engine

Efficiency of Four Stroke Versus Two-Stroke Engine
Large 2 stroke cross head engines are most efficient combustion engines in the universe.
Large 2 stroke cross head engines are today the most powerful combustion engines in
the world. (> 80.000 kW)
2- stroke cross head engines are able to rotate in both directions.
2 stroke cross head engines are slow speed engines. (approx. 120 rpm), therefore, it is
possible to use without gearbox. Having considered that that energy dissipation occurs
in the gearbox, so it means that this type of the engines has higher efficiency.
2-stroke cross head engines deliver a high drive torque which pave the way to install
propeller(s) with a larger diameter.
In the best condition, the 2-stroke crosshead engine is able to run with a maximum
efficiency of 50 — 51% at 100% load at 100% speed. However, the best 4-stroke diesel
engines have a maximum efficiency of 45%.
The thermal energy balance of slow speed 4 stroke cross head engines and 2 stroke cross
head engine which shows the mechanical output as well as energy dissipation are shown

in the Figure 4-6 and Figure 4-7respectively.
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Mechanic
Output 45 %
“
Exhaust gas
30 %
Jacket water
8% Total Losses
Charge Air HT and LT 55 %
10%
Lube Oil 5%
Radiation 2 %
d
|4 i - . .
Fuel Input 100 % —> Engine Efficiency: max. 45 %

Figure 4-6 Thermal energy balances or Sankey-diagram of 4-Stroke Cross Head Engine (Meyer 2019)

Mechanic
Output 51 %

Heat -\

Radiation 1 %

Jacket water
Cooler 6 %

Exhaust gas

25 9% > Total Losses
49 %

Charge Air Cooler

14%

Lube Oil Cooler

3% _/

Fuel Input 100 % i —> Engine Efficiency: max. 51 %

Figure 4-7 Thermal energy balances or Sankey-diagram of 2-Stroke Cross Head Engine (Meyer 2019)

Moreover, Efficiency of engine can be calculated based on following equation.

Mechanical Power Output

Energy Effieciny of Engine (n engine) = Supplied amount of Energy

=45% to 51%

In general, it can be stated that the highest efficiency in propulsion is achieved when the largest
possible quantity of water is moved with the smallest possible acceleration.

But in selection of engine, just the efficiency of the engine should not be considered. Of course,
having more efficient engine pave the way for lower consumption as well as less emission, but
the availability of them should be considered too. 2-stroke cross head engines are normally

large engines which cannot be used onboard the small vessel or the vessels that have DP system.
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In selection of right propulsion system, several parameters play role as following:

4.5

Ship type /duty,

Propulsion dynamic/ manoeuvrability,
Ship speed,

Space in the engine room,

Required power,

Environmental consideration,

Fuel consumption,

Routes of voyage (region of operation),

Regulation and laws (EU-Harbours, US Costal, IMO ..

Capital and operational expense,
Ship Dimension and,

Hull Design.

Hull Resistance

s

The most important influential factor for the ship propulsion layout is the hull resistance. The

hull resistance is affected by ship design factors as well as external factors:

Ship dimensions.

Hull shape.

Displacement.

Ship weight.

Design draught.

Length / block coefficient.

External Factors:

Shallow Water Influences
Salinity (Water Density)
Heavy Weather Conditions

The hull resistance is calculated by MAXSURF for the design of the Decom Tools vessel.
MAXSUREF has several modules which one of them is MXSURF Resistance. With this module
of MAXSUREF, the vessel resistance can be calculated.
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4.6 Ship Resistance Coefficient
The ship resistance can be calculated with the following equations. The correlation between

the speed, power and the resistance are calculated at the end of this section by MAXSURF.

Rt

Figure 4-8 Ship Resistance VS Speed

Ry =0.5%Cr,v2*p, *s
Where:

e Rt =Total Ship Resistance [N]
e S =wet ship hull area [m2]
e p,,= water density [Seawater = 1025 kg/m3]

e Crt = Ship resistance coefficient [Dimensionless]

Having considered above, based on the above formula and output of MAXSURF, according to

Figure 4-9, the Decom Tools resistance coefficient is shown for the various speed.

T s b Lo

12

Taotal Resistance Cosffickent [x1000]
o

0 2 4 i ) 10
Speed kn
1] 0.028 005 0.0758 o1 0,128 018 0178 oz 0225
¥ Froude numbsar
Heltrop = 4862 Spaen = OO0k

Figure 4-9 Decom Tools Resistance Coefficient
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The propeller trust F has to be equivalent to the ship hull resistance R to run the ship with a

constant speed.
Fr =Ry
To sail the distance S, work W has to be done:
Wy =Fr*S
The necessary thrust power (work /time) for the propulsion system to sail within time:
Pg = Ry * Vspip (KW)
Where:
Py is Net Propulsion Power (Pg) requirement according to the ship speed:
Ry = Ship Resistance * v,
Where:

Rr is total Ship Resistance [N]

Py = Ship Resistance * v,

Conclusion: The ship speed has a very high impact to the required propulsion power!

4.7 Selection of Propeller Type

There are various types of the propeller in the market. Here in this section, some of the most
common types of propellers are introduced. Selection of propeller is heavily depending on the
type of the vessel, the function of the vessel, the size of the vessel, the distance that the vessel

has to sail and so forth.

4.7.1  Fixed Propeller

A fixed-pitch propeller is the simplest propeller type. It consists of a series of blades around a
hub attached to the end of the rotating propeller shaft. Its popularity derives from its relatively
low OPEX and CAPEX. One of the most significant problems is low manoeuvrability of the
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vessel with this type of propeller. For reversing, the motor must be reversed (change of direction

of rotation) or a reversing gear must be provided. Figure 4-10 shows a fixed propeller.

Figure 4-10 Fixed Propeller

4.7.2 Tandem Propeller

In this arrangement, two propellers are mounted on a single shaft turning in the same direction.
Tandem propellers are fixed so as to reduce loading on a single propeller as it can lead to
cavitation. Here the thrust is divided between the two propellers. In normal loading, they are
not of much use but in heavy loading, they produce better loading than a single propeller (Singh
2018).

Figure 4-11 Tandem Propeller

Hamed Askari & Ahmad Halimah 92|Page Master of Maritime Operations



H Universit y of Applied Sciences

A
HOCHSCHULE >
EMDEN-LEER Decom Tools Vessel Design European Resions Bevsiasmentrind  EUROPEAN UNION

HILCITCYy

An Ecco-Sustainable Approach to Decommission Offshore Wind Parks }
North Se_a Rﬁeglon

4.7.3  Overlapping propeller

It has the same advantage as a tandem propeller as the load is divided between two propellers.
There are two propellers with their shafts placed at a horizontal distance less than the diameter
of either propeller. They have higher hull efficiency because they work in a region of a higher
wake. Sometimes the mutual interaction between the propellers may, however, result in more

cavitation (Singh 2018).

~—

Figure 4-12 Overlapping Propeller

4.7.4  Controllable Pitch Propeller
In this type of propeller, the blades are not directly fixed to the boss but attached to separate
spindles. The spindles can be turned about the axis and so the pitch of the propeller can be
altered. These are mainly used in ships requiring full power at varying speeds and resistances.
Some advantages over the conventional fixed propeller are as following.

e They provide better acceleration, stopping and manoeuvring properties.

e Non reversing propulsion machinery may be used thereby reducing its cost, weight and

space occupied.

e Atall loading conditions, the full power of machinery can be used.

e The speed of the ship can be varied without altering the speed of the main engine.

e Speed can be directly controlled from navigation bridge.

e [tis easy to replace damaged blades.
Some disadvantages are:

e The control mechanism is very complex.

e [t has high initial cost.

e Maintenance costs are also high (Singh 2018).
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Figure 4-13 Pitch Controllable Propeller

4.7.5 Comparison Of Fixed-Pitch Propeller and Controllable-Pitch Propeller
Table 4-1 shows the feature of fixed-pitch propeller and controllable pitch propeller.
Table 4-1 Fixed Pitch Propeller VS Controllable-Pitch Propeller

Fixed-Pitch Propeller Controllable-Pitch Propeller
For change of direction of thrust the sense of rotation of the For reversing thrust direction just pitch is hydraulically
shaft has to be changed by reversing the engine itself (starting changed, number of operations is unlimited, shaft rotation
air) or by reversible gearbox (and RPM) remains unchanged
Minimum ship’s speed governed by lowest possible engine Minimum ship’s speed can be adjusted without technical
RPM, mostly quite high restrictions

After stopping engine propeller rotates a long time in water flow | Reversing thrust, especially crash stop, can be initiated

preventing the engine from restarting without delay

Stopped propeller does barely not impede water flow to and Rapidly reduced pitch or zero pitch may restrict water flow
effectiveness of rudder to rudder resulting in possible loss of steerability

Stopped propeller does not generate ISR Even at zero pitch ISR is constantly generated

During mooring and unmooring the propeller is not constantly | Propeller turns continuously (danger)

turning (safe)

4.7.6  Electrical Propulsion System
4.7.6.1 Azimuth Thruster

Most of the advanced electrical propeller are azimuth. It means that the propeller can rotate to
wide range of angels which provide a high manoeuvrability to the vessel. In other words, even
large vessel can enter the port or pass the harbour lock quickly and safely. More importantly

they can easily manoeuvre inside offshore wind park between the wind turbines. A ship with
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electrical propulsion does not need rudders, long shaft lines or stern transversal thrusters. ABB
is one of the leaders of electrical propulsion system. ABB declares that their electrical
propulsion system reduces the cost including fuel consumption and life cycle cost of a ship up
to 20%. Consumption of less fuel lead to reduction of emission. In addition, this kind of
propulsion system does not have gearbox which result in less dissipation of energy. Therefore,
less need for lubricants reduces the potential risk of leakage too. Different models with wide
range of application are produced by ABB. The following figure shows the various model of

electrical propeller.
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Figure 4-14 ABB Electrical Propeller (ABB 2021)

i a3

Figure 4-15 ABB Azipod Propeller Installed on a Ferry
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Electrical propeller is gearless steerable propulsion system where the electric drive motor is in
a submerged pod outside the ship hull. ABB propulsion system is called Azipod® which can
rotate 360 degrees to increase manoeuvrability and operating efficiency, with the proven ability
to cut fuel consumption by up to 20% compared to traditional shaft line propulsion systems.
The following figure shows one of installed ABB Azipod propeller on a new constructed ferry

in Finland. Each of the propellers is about 5 meters in height.

4.7.6.2 Voith Schneider Propulsion System

Voith Schneider propulsion system is another type of electrical propulsion system. It means
that propellers are not connected to the engine directly or via gearbox. Though the electricity
generated by engines and generators should feed this propulsion system. The Voith Schneider
propeller generates thrust by means of profiled blades that protrude from the vessel bottom and
rotate around a vertical axis. The blades are mounted in a rotor casing which is flush with the
bottom of the vessel (Voith n.d., 4). Figure 4-16 shows the cross section of VSP.

The Voith Schneider Propeller (VSP) combines propulsion and steering in one unit, thus
allowing prompt, safe and precise manoeuvring, even under adverse conditions. The magnitude
of thrust is determined by the rotational speed of the rotor casing; The blade angle determines
the direction of thrust. The Voith Schneider Propeller (VSP) is a propulsion system allowing
stepless, highly accurate and fast control of thrust in terms of magnitude and direction (Dr.

Jiirgens and Beu n.d.).

Figure 4-16 Cross Section of Voith Schneider Propeller
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4.7.6.3 Advantage of Voith Schneider Propulsion Systems

» The very rapid and precise thrust variation according to cartesian coordinates makes
the VSP an ideal propulsion system for efficient dynamic positioning even in
extremely rough weather conditions.

» Redundancy of the entire propulsion system, which guarantees full control of the
vessel even with only one power train in operation.

= It offers additional roll stabilization®*, which reduces the roll motion of the ship
shaped while it is stationary, avoiding the installation of an additional anti-rolling
system (like active tanks). It implies that a VSP is a cheaper option compared to a

solution of thrusters + active anti-rolling system (Seasteading 2010).

:

High reliability and low 70
maintenance requirements

)

Safe and precise
maneuvering

Fast response time Low fuel consumption

2 G
Voith Roll Stabilization VRS Maximum safety for
the vessel and the
environment
Figure 4-17 Advantage of Voith Schneider Propeller (Voith Schneider n.d.)
4.7.6.3.1.1  Various Size of Voith Schneider Propulsion System

Nowadays, the Voith Schneider produce huge propulsion system for large vessel. Figure 4-18
shows the various size of this type of propulsion system. They produce wide range of propeller

for different ship size.

34 The Voith Schneider Propeller offers additional roll stabilization for OSVs, which reduces the roll motion of the
PSV while it is stationary. This additional function has been proven by Voith in theoretical computations with the

University of Hamburg-Harburg, during model tank tests and full-scale measurements in the North Sea (Voith
Schneider 2019)
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Propeller  Control Control  VRS*** Blade orbit Blade Housing Housing  Number of Weight Oil Max.
type/ system system option diameter length heigt diameter gearsteps without oil  filling propelier
size ME/ECA* EC** A B c D input power
[mm] [mm] [mm] [mm] [abt. kg] [abt.l] kW]
VEP 12 x 1200 912 1185 1660 1 3800 380 260
VSP 16 x 1600 1215 1372 2145 1 6700 680 540
VEP 18 x 1800 1512 1480 2405 1 9500 1000 780
VSP 21 x 2100 1766 1755 2815 lor2 16000 1600 1000
VEP 26 x 2600 1965 1980 3435 2 27500 2700 1500
VSP 28 x x x 2800 2355 2168 3780 2 38500 4300 2000
VEP 30 x 3000 2666 2380 4000 2 47000 4000 2450
VSP 31 % = x 3100 2666 2300 4200 1 48000 4000 2500
VEP 32 x X 4 3200 2666 23n 4250 2 50000 5200 2600
VSP 36 x X x 3600 2872 2985 4765 2 75000 7700 3900

Figure 4-18 Voith Schneider Propulsion System Size

4.7.6.3.1.2 Application and Arrangement of Voith Schneider Propeller
Today, Voith Schneider propellers are in use all over the world wherever precise and safe
manoeuvring is significant. In the wind industry as well as oil and gas industry a number of
vessels such as cable laying vessel (CLV), pipeline installation vessel as well as jack up
installation vessel are equipped with Voith Schneider propulsion system namely North Sea
Giant®, Bold Tern and Brave Tern (Fred. Olsen Windcarrier 2020). In addition, many of the

offshore support vessels including Seaway Moxie are equipped with VSP for quick and safe

manoeuvrability (Subsea 7 n.d.).

Figure 4-19 Seaway Moxie Installation Support Vessel with VSP

35 The vessel is equipped with 3 numbers of VSP at aft and 2 numbers of VSP at forward (North Sea Shipping
2018).

Hamed Askari & Ahmad Halimah 98|Page Master of Maritime Operations



University of Applied Sciences

iterrey

A\ An Ecco-Sustainable Approach to Decommission Offshore Wind Parks il

HOCHSCHULE L
EMDEN-LEER Decom Tools Vessel Design Curmpesn Regiona Devriopmancrund  EUROPEAN UNION

Figure 4-20 Voith Schneider Propulsion System on Jack Up Installation Vessel

Moreover, the following figures shows the various types of vessels that are equipped with VSP.

The yellow colour shows the arrangement of the VSP on the ship.
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Figure 4-22 Arrangement of Voith Schneider Propeller on North Sea Giant
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Figure 4-23 Application and Arrangement of VPS on Various Types of Ships

4.7.6.3.1.3 Precision of Positioning of Voith Schneider and Z-Drive
Results of the test of similar offshore supply vessels which were equipped with pod propulsion
system and VSP revealed that the VSP has far more positioning precision than Z-drive

propulsion system.

Arrangement of the VSPs

Dynamic
Positioning o

Keeping the watch box
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Figure 4-24 Comparison of Precision of Keepingin Location of VSP & Z-Drive
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Having considered that construction vessel needs to be positioned precisely alongside the wind
turbine, therefore, accurate positioning system need to be employed onboard these kinds of
vessels. According to the revealed results of actual test, this propulsion system is suitable for

the wind industry. However, the application, size and other factor may impact the decision.

4.8 Fuel Systems and New IMO Regulation

The energy source for the propulsion of vessels has undergone significant transformations over
the last centuries. It started with utilizing sails (renewable energy) through the use of coal to
heavy fuel oil (HFO) and marine Gasoil (MGO), now the dominant fuel for this sector (Mofor
, Nuttall and Newell 2016). Marine fuel currently contributes approximately 3% to global man-
made CO2 emissions (DNV.GL 2019).

Apart from technological advancement, regulation play colossal role in selection of fuel for
ship industry as well offshore®® industry. The International Convention for the Prevention of
Pollution from Ships (MARPOL??) has stipulated, among other measures, low sulfur emission
control areas (ECA)*® in the marine environment. Some of the emission control areas are North
Sea, Baltic Sea, US Coasts and harbors which based on MARPOL the maximum sulfur content
in fuels should be limited to maximum 0.1%. With the Greenhouse Gas Strategy towards 2050,
the IMO*® has set the goal to reduce carbon intensity by 40% within the next decade up to 2030
and by 50% in total (70% intensity) up to 2050. The greenhouse gas strategy was approved by
the IMO in 2018. The reduction rates are related to the baseline of 2008. Short-term, mid-term
and long-term measures are distinguished to achieve the goal (DNV.GL 2020).

Furthermore, mandatory technical and operational measures requiring ships to be more efficient
in energy use and to reduce emissions were set in this convention. As an illustration, MARPOL
regulations make the Energy Efficiency Design Index (EEDI) mandatory for new ships and the
Ship Energy Efficiency Management Plan (SEEMP) for all ships. Not only this regulation
covers new ships, but also the Energy Efficiency Existing Ship Index (EEXI) will be applicable
for all vessels above 400 GT falling under MARPOL Annex VI. More importantly, the industry
itself has set targets to reduce carbon dioxide (CO2) emissions by 50% by 2050. Ship operators,
therefore, need to consider cleaner fuel and power options, including the use of renewables, to

meet these targets. Furthermore, rising bunker fuel prices, amid a globally volatile market,

3¢ Offshore industry means offshore oil and gas sector as well as offshore wind industry.

37 "MARPOL Convention" means the International Convention for the Prevention of Pollution from ships.

38 North Sea is an Emission Control Area based on MARPOL

39 The International Maritime Organization (IMO) is the United Nations specialized agency responsible for safe,

secure and efficient shipping and the prevention of pollution from ships.
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provide another compelling reason to scale up modern shipping solutions based on renewable
sources and technologies (Mofor , Nuttall and Newell 2016, 3).

All in all. a number of cost-effective technology options for new and existing ships and
operators have been identified to improve energy efficiency of ships or lower their energy

intensity. These options can be categorized into four option groups as following:

I.  Improving energy efficiency (for example increasing productivity using the same
amount of energy, using more efficient engine, reduce hull resistance, optimize bulbous
etc.);

II.  Using renewable energy (for instance solar and wind);
III.  Using fuels with lower carbon content (for example LNG and biofuels) and
IV.  using emission reduction technologies (for example through chemical conversion,
capture and storage).
Therefore, in order to select the right type of fuel for the designed vessel, first of all we

need to review the emission and specification of mostly used fuel as following:

4.8.1 Heavy Ful Qil (HFO)

Overwhelming majority of ships are powered by heavy fuel oil and diesel oil with sulphur.
Heavy fuel oil (HFO) is waste coming from the process of refining crude oil. It contains about
2.7 % sulphur and several other toxic and pollutant compositions.

4.8.2 Marine Diesel Oil (MDO)

The term marine diesel oil (MDO) generally describes marine fuels that are composed of
various blends of distillates (also called marine gasoil) and heavy fuel oil. Unlike diesel fuels
on land that are used for cars and trucks, marine diesel oil is not a pure distillate.

Large ships can run on heavy fuel oil as well as marine diesel oil. Smaller vessels such as barges
are not designed to run on heavy fuel oil (marquard-bahls 2015).

4.8.3 Very Low Sulphur Fuel Oil (VLSFO)

Very Low sulphur fuel oil (VLSFO) is a mixture of about 40% HFO with fuels with lower

sulphur content which consumption of this fuel result is sulphur emission of maximum 0.5 %.

4.8.4 Hydrogen Fuel Cell

Hydrogen fuel cells as a power source for shipping also hold great potential but the
sustainability of the energy source used to produce the hydrogen, as well as lack of cost-
effective and reliable low-pressure storage options for the fuel remain as critical issues to be

addressed.
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4.8.5 LNG Fuel

Of all relevant fossil fuels, LNG produces the lowest CO» emission (DNV.GL 2019). Figure
4-25 illustrates the CO2 footprint of various fuels. LNG is sulphur-free so there are no SOxX

emissions. LNG-powered vessels have been in operation since 2000. As of 1 December 2018,
137 LNG-fuelled ships were in operation and 136 newbuilding orders were confirmed
(DNV.GL Maritime 2019). Compared to HFO, LNG greatly reduces emissions to air. In terms
of NOx emissions, the four-stroke and two-stroke low-pressure engines reduce these emissions
by 85% compared to HFO. While the high-pressure two-stroke engines still reduce NOx by
40% without exhaust gas treatment, particle emissions are reduced by 95% and more. Because
LNG does not contain sulphur, these emissions are eliminated completely. All emissions to the
atmosphere relevant for human health and the so-called black carbon effect on global warming
are reduced significantly by burning natural gas instead of HFO or MGO. As explained below,
the effect on CO; emissions is also positive (DNV.GL Maritime 2019).

Qil fuel (HFO)

Oil fuel (MGO) B TTP - Tank to propeller

i} £
LNG (from Qatar used in Europe) WTT - Well to tank

LNG (from Qatar used in Qatar)
LPG
Methanol (from CH,)

Methanol (from black liquor) :: ‘
Biodiesel [T |
Biogas (97% methane - liquefied) : | i
Hydrogen (liquid - from CH,) 1
Hydrogen (liquid - from water) I i ‘ :
10 20 30 40 50 60 70 80 90 100

CO, emissions; g/MJ
Figure 4-25 CO2 Emission of Various Fuel Types

Reduction of environmental footprint resulting from using LNG are listed in the Table 4-2.

Table 4-2 Environmental Impact of LNG

Emission Reduction

Emission Component Comments
with LNG

SOx 100% Complies with ECA and global sulfur cap
NOx Low-Pressure Engine 85% Complies ECA 2016 Tier III regulations

Need EGR/SCR to comply with ECA 2016 Tier
NOx High-Pressure Engine 40%

I regulations

Benefit for the EEDI requirement, no other
CO; 25-30% i

regulations
Particulate Matter (PM) 95-100% No regulations (yet)
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4.8.6 Environmental and Calorific Comparison of LNG with Diesel Oil

Every type of fuels has its own pros and cons. Among the proposed alternative fuels for
shipping, DNV-GL has identified LNG, LPG, methanol, biofuel and hydrogen as the most
promising solutions. Therefore, in this research the author is comparing the LNG with diesel
oil in order to see what the advantage and disadvantage of each type of fuels are. However, it
should be noted that both are considered as fossil fuels which means that they are exhaustible
source of energy.

In addition to above, the comparison has been made in terms of calorific value as well as the
emissions.

Table 4-3 shows the advantage and disadvantage of LNG against diesel oil.

Table 4-3 Advantages and Disadvantages of Diesel Oil and LNG

Appr. 20% -25% less CO; emission than diesel oil | The density of liquified natural gas is lower than diesel

(equal heat production) oil. So, the LNG tank volume has to be increased

compared to diesel oil tanks

Negligible CO emission. The LNG tank technology is much more complex than
diesel tank technology
No soot and no micro particles emission Approximately 10 % of the overall energy content of

natural gas has to be used to for liquefying the natural

gas. ¥

Appr. 80% less nitrogen oxide (NOx) than diesel | The LNG volume with the same heat content is 1,45

oil more than the Diesel oil volume

No sulphur oxide (SOX) emission.

42.6 MJ

*1.7

“ 145 1.16 m? Liter w 1.98m? Liter
1 Liter Diesel “ 1.45 Liter LNG

Figure 4-26 Volume and Calorific Value of Diesel Oil VS LNG

0 In order to bunker more natural gas, it should be liquified. The volume of LNG is % natural gas

Hamed Askari & Ahmad Halimah 104|Page Master of Maritime Operations



iterreyg
North Sea Region

University of Applied Sciences

@ An Ecco-Sustainable Approach to Decommission Offshore Wind Parks

HOCHSCHULE HEe
EMDEN-LEER Decom Tools Vessel Design Curmpesn Regiona Devriopmancrund  EUROPEAN UNION

Table 4-4 shows the carbon content as well as price of various fuels. The figures shows that the
emission of LNG is approximately 25% less than diesel fuel. But it should be noted that LNG

engines need pilot fuel for combustion.

Table 4-4 Carbon Content of Various Fuels

CF
Carbon
Sr. Type of Fuel Reference .
ontent |\ COu/t-Fuel)
1 | Diesel / Gas Oil ISO 8217 Grades DMX through DMC 0.875 3.206000
2 | Light Fuel Oil (LFO) ISO 8217 Grades RMA through RMD 0.86 3.151040
3 | Heavy Fuel Oil (HFO) ISO 8217 Grades RME through RMK 0.85 3.114400
4 | Liquefied Natural Gas(LNG) 0.75 2.750000

4.8.7 Fuel Price Comparison

Fuel pricing depends on a number of factors, including market conditions, which are difficult
or impossible to predict. The price ranges illustrated in Figure 4-27 reveal a qualitative trend
based on price history. The calculations for the diagram use the gas price on the European spot
market as a basis for LNG price predictions. The diagram demonstrates that only LNG and, to
some extent, LPG can currently compete with HFO in terms of market price. Methanol and

biofuels may eventually be able to compete with MGO to some extent. Hydrogen is not price

competitive.
16 Qualitative price range of possible ship fuels
’ (reference: Brent crude oil)
LB B —
1.2
1.0 —
08 i 1 | - = 5 | I 1 -
Brent crude oil
06 1 | - 1 1 1
0.4 — - = - - o - - - =
0.2 - -1 1 1 - - .
Brent crude ail MGO HFO LNG LPG Methanol Biofuel
(Europe) (UsSA)
= Min. 1 1.1 0.65 0.6 0.85 0.9 1.1
Max. 1 1.25 0.75 0.8 0.9 1.2 1.5

Figure 4-27 Price of Different Fuel Types
Table 4-5 shows the calorific values and prices of three common fuels namely
heavy fuel oil (HFO), marine diesel oil (MDO) and Liquified Natural Gas (LNG).
According to this table, LNG has the highest heating value and lowest price

compared to other three mentioned fuels.
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Table 4-5 Calorific Value and Price of Fuels (Carmen Hsieh & Felby)

Properties Heavy Fuel Oil . . q Liquified Natural Gas
P (HFO) Marine Diesel Oil (MDO) (LNG)
Heating value (MJ/kg) 39 43 48
Sulphur (% m/m) <35 2 0
Price (USD/Mt) 290 482 270
4.8.8 Fuel Availability

Apart from its price, a future fuel must be available to the market in sufficient quantity

(DNV.GL 2019, 12). Figure 4-28 gives an indication based on a comparison of the energy

content of the worldwide production of specific alternative fuels with the energy need of the

shipping industry. The energy consumption of the global fleet serves as the 100% baseline. This

comparison shows that for all alternative fuels, with the exception of LNG, a rapid rise in

demand would require massive investments in production capacity. In theory, a switchover of

the entire global fleet to LNG would be possible today since the current LNG production is

higher than the shipping industry’s energy requirement, and the share of LNG in the total gas

market is only 10%.

% of today's ship fuel (100% = energy content ship fuel)

Approx. 10% of

natural gas market

HFO/MGO LPG LNG Methanol

Biodiesel - FAME H;

Source: DNV GL internal evaluations and varicus other sources (e.g. "World LNG Report - 2015 Edition”, Internaticnal Gas Union)

Figure 4-28 Production of Possible Ship Fuels Per Year (Relative Energy Content)

4.8.9 Renewable Source of Energy as a Ship Fuel

Renewable power applications in ships of all sizes include options for primary, hybrid and/or

auxiliary propulsion, as well as on-board and shore-side energy use. The role and extent of
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renewable energy technology adoption by the shipping sector will vary greatly depending on
the scale, function and operational location of the particular vessel. Apparently, the greatest
potential lies in using a combination of renewable energy solutions that maximizes the
availability and complementarity of energy resources in hybrid modes. In this sense, achieving
the full potential of renewables in a ship will require an integrated system engineering approach
that also addresses the barriers to their deployment. Potential renewable energy sources for
shipping applications includes:

1) Wind assisted propulsion systems such as soft sails, fixed wings, rotors, kites and

conventional wind turbines

2) Solar photovoltaics,

3) Biofuels,

4) Wave energy and

5) The use of super capacitors charged with renewables.

4.8.9.1 Flettner Rotors

Flettner Rotors harness the Magnus Effect, created when wind passes over an already revolving
cylinder, for propulsion. It was first proven in the 1920s on a number of ships, including the
3000 DWT Barbara. Figure 4-29 shows the Enercon E-Ship 1 with deadweight of 12800 which
began trials of four Flettner rotors powered initially by the exhaust gas from the main
conventional turbine motor. There are now modern concept designs adopting Flettner style
rotors. (Mofor , Nuttall and Newell 2016, 21). According to the recorded fuel consumption,
Enercon E ship 1 with motor powered only and with sail-rotor operation, up to 22.9% fuel

consumption have been saved on the voyage between Emden and Portugal (Schmidt 2013).

Figure 4-29 Enercon E-Ship 1 is Equipped with 4 Rotors"!

4l 4 x Rotor diameter 4 meter and height of 25m
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4.8.9.2 Solar Photovoltaics and Hybrid Systems
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Solar PV applications use electricity generated by photovoltaic (PV) cells. All advances in this
fast-evolving technology are available for maritime transport use. The primary limitations are
the lack of sufficient deployment area for the PV panels and the energy storage required. Recent
advances in energy storage technology offer higher potential and better prospects for solar PV-
powered propulsion systems for ships in the short term, but full ship propulsion using solar PV
requires further technical development and is likely to be confined to relatively small ships
(Royal Academy of Engineering, 2013). Figure 4-30 shows the IMOFlexMAX vessels. Stena
Bulk unveils solar and rotor sail tanker design. Their aim is to reduce greenhouse gas (GHG)
emissions by at least 25% on current designs with using a solar and rotor. The basic concept of
the IMOFlexMAX is to dramatically reduce local SOx, NOx and particle emissions, as well as
greenhouse gas emissions. With the combined fuel and energy efficiencies, Stena Bulk expects
to reduce greenhouse gases by at least 25% with a potential to reach up to 45% compared to

modern product tankers run by low-sulphur fuel oil.

STENA INFINITY

Figure 4-30 Stena Bulk IMOFlexMAX vessels

4.8.10 Performance and Costs of Renewable Energy

One of the reasons that development of renewable energy solutions for shipping has been
hampered is that the market is over-supplied by fossil fuel-powered shipping in recent years
and the related depressed investment market (Mofor , Nuttall and Newell 2016). In the case of

rotor technology, the amount of fuel savings decreases as the ship size increases. Savings of up
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to 60% for small ships have already been achieved while savings of up to 19% on Very Large
Crude Carriers (VLCC) are being modelled. For example, Enercon reported in 2013 that their
prototype rotor sail ship, the E-Ship 1, had achieved 25% savings after 170 000 sea miles

(Mofor , Nuttall and Newell 2016)-
4.8.11 Role of Batteries In Shipping and Offshore Industry

It should be noted that using of full electrical propulsion system is not a new technology.
Utilization of Battery have several advantages too, since they enable the vessel engine to run at
more favourable loads. This reduces fuel consumption and therefore emissions to air. Further
benefits include an improved response time in safety-critical operations, an extended engine
lifetime, less maintenance and less noise and vibrations (DNV.GL, Mollestad and Valeen
2015).

Electric propulsion of ships is not a new invention. The first electric powered boat we know
about was a 24-foot boat in St. Petersburg in 1839 that could carry 14 passengers at a speed of
three knots (DNV.GL, Mollestad and Valeen 2015). Nowadays, a number of vessels with
different applications are equipped with state-of-the-art battery and electrical system. For
example, the first large-size all-electric battery-powered car ferry, Norled’s Ampere, came into
operation in January 2015. This 120-car and 350-passenger ferry is equipped with a IMWh
battery system. Quick charging takes place during the 10-minute period between each trip and
at night-time (DNV.GL, Mollestad and Valgen 2015).

4.8.12 Various Topologies for Installation of Batteries Onboard a Vessel
Depending on the vessel consumption and batteries size, vessel can be categorized in three
different types as following:

I.  Full-electric ships (ES)
II.  Plug-in hybrid ships (PHES)

III.  Hybrid ships (HES)

However, the topology of using battery and feeding the consumer play vital role. The below

scenarios are the possible topologies for using batteries onboard a vessel.

4.8.12.1 Mechanical Propulsion with Battery Hybrid Electrical Power Plant
Figure 4-31 shows a battery integrated into the electrical system of a vessel with traditional
mechanical propulsion. In this case, the battery will be effective for smoothing the connected
electrical load and helping to handle large load steps. When the large load steps are reduced,
the number of auxiliary engines may also be reduced. In cases where the load can regenerate

power, such as in cranes, the battery can be used to harvest this energy.
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Figure 4-31 Mechanical Propulsion with Battery Hybrid Electrical Power Plant
4.8.12.2 Hybrid Battery Propulsion

Figure 4-23 Figure 4-32illustrates batteries integrated into a power system for electrical
propulsion. In this case, the battery will provide power to the large propulsion motors. The
vessel may run on just batteries, just generator sets or in parallel operation using both batteries
and generators. In addition to being a source of energy for propulsion, the batteries will smooth
the load variations on the generator sets. The introduction of such a battery hybrid system will
reduce the noise and vibration levels on the ship. The topology can also facilitate the use of

zero emission operation when entering a harbour.

=/..» 7:.. E Battery . Motor

I I I Main engine 34 AC/AC converter

Gensat 7 AC/DC converter

*:-.r Clutch % DC/AC converter

Figure 4-32Hybrid Battery

4.8.12.3 Hybrid Battery Propulsion, with Distributed Batteries
One challenge involved in the electrical propulsion concept is its efficiency. As seen in the
previous figure, the system has several power converters and each of them typically represents
a 2% power loss. Figure 4-33 shows if the batteries are distributed into the propulsion
converters, the losses are reduced. Another benefit with the distributed battery concept is that
each propulsion unit is independent of a common source of energy. This might be a smart
solution for vessels that require a highly reliable propulsion thrust, such as redundant dynamic

positioning vessels (DP2 and DP3).
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Figure 4-33 Hybrid Battery Propulsion, with Distributed Batteries

4.8.12.4 Hybrid Battery, Electrical, Mechanical Propulsion and DC Distribution

Figure 4-34 shows a power system with an electrical/mechanical hybrid solution, a battery

hybrid with plug-in possibilities and a DC distribution. With a DC-distributed system, the speed

of the prime movers for the generators can be adjusted to the load-dependent optimum fuel

level. Hence the fuel consumption is reduced, and the environmental footprint is minimized.

The electrical/mechanical hybrid solution allows electricity to be generated by the main engine

(Power Take Out (PTO)) or propulsion power to be produced by generator sets and batteries

(Power Take In (PTI)). A boost mode is possible (additional thrust power) when the main

engine and PTI motor are running in parallel.
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Figure 4-34 Hybrid Battery, Electrical, Mechanical Propulsion & DC Distribution

4.8.12.5 Battery Propulsion

Figure 4-35 shows a power supply system for a purely battery-driven vessel. The batteries are

charged through an AC/DC converter (either located on the vessel or on shore). Two

independent battery systems deliver power to the thruster.
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Figure 4-35 Battery Propulsion

4.8.13 Advantage of Storing Electricity Onboard a Vessel

In order to improve grid-power quality and reliability and optimize the matching of supply and
demand, organizations have sought ways to safely store energy (DNV.GL, Mollestad and
Valgen 2015). Furthermore, utilization of renewable energy onboard a vessel such as solar
system, compel the ship owners or shipyards to implement energy storage system onboard.
Methods and technologies of storing electric energy varies in different industries, however, the
most of available technologies in maritime industry have been listed in Table 4-6.

Having battery onboard a vessel allows the operator the freedom to store unused or excessive
energy and then utilize the energy when it would benefit the operation of the ship such as
manoeuvring etc. in that high energy profile is needed (DNV.GL 2016). This feature will
improve the overall efficiency of the vessels.

Furthermore, the battery onboard a vessel improves the efficiency of the engine and minimize
the emission. The battery can help smooth the load of the engine. Some battery systems are
designed to provide high power with very high response rates which allows the engine to run
steadily and more efficiently. When the vessel is slowing down or is operating at less than its
peak efficiency, such as in-field transit-transit between the wind turbines- or when the vessel is
entering/leaving the port, the battery can be charged, storing energy for the next task. In other
words, utilizing battery power to avoid inefficient regions of engine operation (DNV.GL 2016).
More importantly, batteries enable us to provide standby power for redundancy with zero fuel
consumption penalties. Thus, not only are battery systems increase system efficiency, but also

provide a means to increase system reliability and robustness (DNV.GL 2016).
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4.8.14 Comparison of Electric Power Storage Technologies

In addition to the battery as a mean to store the electricity onboard a vessel, there are various
methods for storage of electricity in the market. Amongst all of the possible technologies to
store the electricity onboard a vessel, so far, the battery is most promising option. Table 4-6
shows 19 methods and technologies to store the energy onboard a vessel.

Under column feasibility status the cell with green colour shows "High feasibility", yellow

shows "Medium feasibility" and red shows "Low feasibility".

Table 4-6 Available Energy Storage Technologies for Maritime Propulsion (DNV.GL, Mollestad and

Valoen 2015)
Sr. Energy Storage Technologies Abbreviations ety B
Maritime Propulsion

1 | Valve regulated lead acid VRLA
2 | Thermal storage (Hot) Heat

3 | Pumped Hydro P-Hydro P-Hydro
4 | Litium — ion — High power +* LIB-p

5 | Ni batt. (NiCd, NiZn, NiHM) Ni-batt
6 | Thermal storage (cold) Ice

7 | Compressed-Air ES, cavern CAES-c
8 | Sodium Sulphur NaS

9 | Flywheel FlyWi
10 | Litium — ion — High energy* LIB-¢
11 | Advanced Lead Acid LA-adv
12 | Hybrid LA and IDL-CAP Hybrid
13 | Vanadium Redox Battery VRFB
14 | Zink Bromide ZnBr
15 | Sodium Nickel Chloride NaNiCl
16 | Double Layer (super) Capacitors DL-CAP
17 | Adv. Vanadium Red. Flow. Battery A-VRFB
18 | Zinc-Air Battery ZnAir
19 | Compressed-Air ES, small CAES-s

42 High-power applications often need storage to discharge all their energy within an hour, or often a much shorter

time.

43 High-energy applications require storage devices to discharge their energy at rated power for longer than one
hour.
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According to the finding of DNV.GL best technology for storage of energy to be used for
maritime propulsion which is available in the market are Lithium-ion battery, Hybrid LA and
IDL-CAP and Double Layer (super) Capacitors. One of the advantages of the lithium-ion
batteries is compared to traditional batteries with water-based electrolytes such as lead acid and
nickel cadmium batteries, it can store between two and eight times more energy per weight unit
(DNV.GL 2016).

From recycling perspective, it can be argued that Facilities for recycling of lithium-ion batteries
are existing and the value of the recycled materials more or less pays for the cost of the
recycling.

In conclusion, the preferred electricity storage technology will be lithium-ion batteries onboard

a vessel.

4.8.15 Battery Space and Location

DNV GL Class rules require that the battery space has to meet a general fire integrity level of
A-0 and A-60 towards any muster stations or evacuation routes. If the battery power shall be
used for propulsion under normal operation, dynamic positioning, or other relevant operations,
it shall also meet a fire integrity level of A-60 towards any machinery space of category A as
defined in SOLAS Reg. I1-2/3. The battery space can also not be located in the forward collision
bulkhead (DNV.GL 2016).
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Conclusion
Large two-stroke cross head engines are most efficient combustion engines in the
universe.
The most important influential factor for the ship propulsion is the hull resistance which
is affected by ship’s dimensions, hull shape, displacement, weight and draft of the
vessel.
According to application of Decom Tools ships, this ship needs to have precise
manoeuvring capability since it needs to approach to the foundation precisely and move
on the predefined route for cable extraction operation. Amongst all the available
propulsion system Voith Schneider has the highest degree of accuracy in term of
manoeuvring. Furthermore, the vessel is floating ship which can have all six degrees of
freedom. The less movement increase the productivity and stability of the vessel. Given
the fact that VSP is reducing the vessel rolling, therefore, the vessel rolling will be
minimized due this propulsion system which will contribute to more productive vessel.
Therefore, VSP is the best option for this vessel.
Among all of the existing fuel system, LNG is the best option, because of the emission
resulted from using this fuel (less CO2 emission, less NOx emission, less SOx emission
etc), availability, price, the calorific value, availability of technology for construction
and maintenance etc.
Among all the renewable source of energy, the Flettner rotor and solar power system
can improve the efficiency of the ship. Flettner rotor efficiency depends on wind speed
and relative direction. Having considered that the vessel is working in high-wind profile
area, the contribution of Flettner rotor can be significant.
Also having solar system can have many advantages. It is to some extend free of
maintenance system. Furthermore, normally the installation and decommissioning
would take place in the summer when the average irradiation of sun is high. Therefore,
the solar system automatically will capture the exhaustible energy from sun.
Having hybrid system onboard a vessel has a number of significant impacts as
following:
I.  Utilize energy from shore power.
II.  Run engines at optimum loads.
III.  Avoid transient engine loads.
IV.  Use power redundancy.

V. Reduce local emissions.
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VI.  Reduce noise and vibrations.

VII.  Facilitate energy harvesting and energy recovery.
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5 Basis of Design of Decom Tools Vessel
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5.1 Introduction of Multi-Function & Multi-Purpose Green Decom Tools Vessel
According to the revealed data of installed wind farms, for the installation of offshore wind
turbines, normally the wind turbine components transported offshore by the installation vessel,
especially jack up DP2 vessel. Then the installation was taken place with the same vessel. This
configuration is called pendulum configuration. Normally 3 to 8** sets of wind turbines were
loaded on the vessel in the port. The number of transported sets of wind turbine depend on the
following factors:
I.  Deck area of the vessel,

II.  Vessel deck load capacity,

I1I. Wind turbine size and,
IV.  Cargo loading arrangement,

V.  Weight of components and so forth.
A comprehensive study has been conducted in chapter three and the finding shows that
pendulum configuration is the most inefficient type of logistic configuration in terms of
incurred cost to the project as well as environmental impact which was measured by CO>
emission. To boost the efficiency of offshore operations namely decreasing the cost of
decommissioning project as well as mitigating the emission resulted from offshore operations,
study on various aspects of feeder configuration has been carried out. It shows that feeder
configuration with a combination of heavy lift vessel and a cargo vessel will boost the efficiency
of the offshore operations. However, it should be noted that loading capacity of cargo vessel is
the major factor in the productivity of the feeder configuration. The more loading capacity of
cargo vessel- the more capacity to load the wind turbines set on the cargo vessel- results in
more productive®® operation. To accomplish this productivity, in this research a multi-purpose
and multi-function green vessel has been designed. The vessel has unique and special functions
which so far none of the available vessels in the market have these functions which means the
vessel does not have competitor. To design this vessel, specifications of more than 50 numbers
of various types of vessels in the market has been reviewed. Authors and designers of the vessel
which have broad range of practical experience of ship’s navigation and stability as well as
various offshore operations mightily strived and closely collaborated more than one year to
design this vessel based on the current and future market of wind industry as well as oil and gas

industry. It should be noted no cargo vessel specifically based on offshore wind turbine’s size

4 For example, in installation of Hornsea 1 wind park, the vessel by the name of Bold Tern were used and 4 set
of wind turbines were loaded on each voyage.

4 Productive here means cost-effective, less environmental impact as well as less offshore duration.
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and geometry has been designed so far*. Enercon ship by the name of E-Ship 1 is designed just

for the transportation of onshore wind turbines.

5.1.1 What is the Definition of Multi-Function Vessel?
In this project, multi-function vessel means that the vessel does not have just one function.
However, the primary function and mission of this vessel is transportation of wind turbines
components from port to the offshore field or vice versa, but it has other functions as following:
» Extraction of monopile from seabed.
» Cut the monopile into small pieces for easier offloading at port and further
transportation and processing.

» Extraction of in-field and export cable.

A\

Cut the cables into small pieces.

» Cut the blades into small pieces for easier offloading, transportation, and further
process.

» Transportation of other materials such as nacelle and towers from offshore to port or

decommissioning yard.

5.1.2 What is the Definition of Multi-Purpose Vessel?
Primarily and basically the vessel has been designed according to objectives and deliverable of
Decom Tools project which is about decommissioning of offshore wind parks in the North Sea
Region. However, the vessel has a great potential for the installation of newly developed extra-
large wind turbines. It means not only does the vessel fulfil the requirement of Decom Tools
project but also it can be used in installation of offshore wind parks. Furthermore, the vessel
can be used for the installation and decommissioning of offshore oil and gas infrastructure
namely transportation and installation/decommissioning various oil and gas modules, pipe
transportation, fibre optic cable retrieval and so forth. Therefore, the vessel has multiple
purposes which can cover the demands of installation and decommissioning of wind industry

as well as oil and gas industry.

5.1.3 Basis of Design of Decom Tools Vessel
Noticing the findings of previous chapter, utilization of feeder configuration with combination
of a heavy lift vessel along with a cargo vessel for transportation of materials to shore will result

in remarkable saving in terms of cost and environmental impact. In the market, there are various

46 January 20, 2021
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types of heavy lift vessel and jack up vessel. The omission to design and construct a cargo
vessel or a heavy load carrier vessel is noticeable in this industry. Therefore, the authors strived
to design a vessel in order to cover the demand of market of wind industry for various
generations of wind turbines.
The Decom Tools vessel must have some specifications in order to fulfil the objectives of
Decom Tools project. Generally, by decreasing the number of vessels voyage or by increasing
the number of transported wind turbines set per voyage, cost of transportation as well as CO>
emission can be reduced. Moreover, the vessel for transportation of the wind turbine
components should be designed based on various generations of wind turbines, considering
geometry of components, size and weight of wind turbines.
In order to design such vessel, the following steps which are listed below has been taken. These
steps form the basis for the discussion in this section:
» Identify the challenges of the wind industry in installation and decommissioning of wind
parks.
» Outline the specifications and the functions of the novel vessel in order to come up with
innovative design.
» Studying the best propulsion system for decommissioning operation considering the
functions and missions of vessel.

» Studying the alternative fuel system for powering the vessel.

A\

Studying various technology for green shipping.
» Increase the capability of vessel in order to minimize dependability to other vessels for
decommissioning.
» Decrease the duration of construction vessel which can be either jack up or heavy lift
vessel for decommissioning.
» Try to avoid using cable laying vessel for cable retrieval.
» Optimize the vessel design in order to transport the maximum set of wind turbines
components.
» Use the potential capacity of the floating vessels.
» Use the time that vessel is in the field or under voyage and do the simultaneous
operations (SimOps) as much as possible.
5.2 Criteria for Designing of Decom Tools Vessel
Comprehensive studies were conducted to increase the capability of the vessel in order to
increase the efficiency of the vessel. The vessel shall have some features in order to be efficient

as following:
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e Multi-function in order to be able to conduct the most of decommissioning operations.
e Suitable for almost all generations of wind turbine.

e Applicable for most of wind farm’s location.

e Low fuel consumption by using hybrid system.

e Low CO; emissions by using green technology.

e Engineering of right propulsion system.

e Low charter rate.

e Optimized hall design in order to transport materials as much as possible.

e User friendly technology in order to be operated with low-wage crew (riggers).

5.3  Hull of Decom Tools Vessel

To fulfil above criteria, the Decom Tools vessel should have some technical specifications. This
specification includes the machineries that the vessel should be equipped with, the geometry
and hull of the vessel. Structural strength is not engineered in this document which is beyond
the scope of this research. Before explaining about the vessel’s deck design and the installed

equipment on the Decom Tools Vessel, we would like to illustrate the overall hull of the Decom

Tools vessel. See Figure 5-1 to Figure 5-7.

Figure 5-1 Side View of Hull of Decom Tools Vessel

Figure 5-2 Multiview of Decom Tools Vessel
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Figure 5-3 Plan of Decom Tools Vessel

Figure 5-4 Bottom View of Decom Tools Vessel

Figure 5-5 Aft (Stern) View of Decom Tools Vessel
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Figure 5-6 Bow (Forward) View of Decom Tools Vessel

Figure 5-7 Birds-eye View of Decom Tools Vessel
5.4  Decom Tools Decks Design
Prior to showing how the loading of wind turbines components undertake onboard the Decom
Tools vessel, the dimension of the vessel and design of the decks must be explained.
Decom Tools vessel is a ship which has three vertical loading surfaces which is designed to
load and transport heavy cargos, in particular the latest generations of wind turbine.

The decks of Decom Tools vessel are as following from top to down:
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= Top of hatch covers,

» Bulkhead deck (Weather Deck)

= Tween deck and,

= Top tank.
Each of above-mentioned deck has different permissible surface load (PSL can be estimated by
calculating the exerted force by components footprint on the area of the deck). For instance, the
tower of 12 MW wind turbine will be loaded in two segments and each segment has different
weight and footprint area. The weight of heaviest segment is 586 tons, and the bottom area is
23.6 m?. If the tower's seafastening is a circle shape, and its inner diameter is 0.75 m less than

tower diameter, and its outer diameter is bigger than towers diameters by 75 cm, the PSL in this
configuration should not be less than 25 tons per square meter (25 # is desired). In our case,

the PSL of the top tank must be 25 tons per square meter or more. Similarly, the hatch cover

should not be less than 16 tons per square meter, and the tween deck should not be less than 5

tons per square meter. Figure 5-8 shows the dimension of the vessel, the hatches and holds.

Hold width 43 m

Half hold width 21,1 m

_A LOA 195 meters

Figure 5-8 Dimension of Decom Tools Vessel
5.5 Bulkheads Deck (Weather Deck)
Figure 5-9 shows that bulkhead deck is totally flat with dimension of 193.363m x 48m which

results in deck area of 2978 m?. This area is occupied by other facilities and equipment such as
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cranes rails, accommodation, mooring winches, stowage place for hatch covers, cable hydraulic

clamp and so forth.

Figure 5-9 Plan of Bulkhead Deck

5.6 Top of Tank Deck

Figure 5-10 shows all the decks of the Decom Tools vessel. As it stated earlier, the Decom
Tools vessel has bulkhead deck, forecastle deck, top tank deck, tween deck and top of hatch
cover.

The Decom Tools vessel consists of two holds which are divided into 4 sections longitudinally
and transversely as shown below.

—{ Forcastle Deck

Bulkhead Deck ~—i| Bulkhead Deck

-| Hatch Cover

Figure 5-10 Decom Tools Vessels Decks

Figure 5-11 to Figure 5-13 shows the holds of Decom Tools vessel. There is one longitudinal
hold which is laid over the length of the vessel and is comprised of two sections. In addition,
the transverse hold laid over the breadth of the vessel. The transverse hold in the vessel is the

first hold and the second hold is the longitudinal hold.

Hold NO 1
PORT

Hold NO 1
STBD

Figure 5-11 Decom Tools Vessel Holds
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Figure 5-12 Aft View of Decom Tools Vessel's Deck

Figure 5-13 Decom Tools Vessel Holds

5.7 Tween Deck

Tween deck is only existed inside the hold number 2 at height of 16.3 m from keel. There are
ten panels on each side, each panel has length of 10.87 m and width of 21 m. Panels can be
stowed on weather deck (Bulkhead deck) or on the onshore warehouse. It is not necessary to
insert tween decks panel in every cargo loading arrangement. In the next chapter it is explained
that tween deck is just needed when segregation load out needs to be carried out. Therefore, in

most cases, the panels of this deck need to be stored in the onshore warehouse.
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Tween Deck

Figure 5-14 Cross Section of Decom Tools Vessel to show the Tween Deck

Tween Deck

Figure 5-15 Holds and Tween Deck of Decom Tools Vessel

Bddeline

Figure 5-16 Aft View of Decom Tools Vessels Hold

Hamed Askari & Ahmad Halimah 127 |Page Master of Maritime Operations




University of Applied Sciences

Q\\\ iilterrey

An Ecco-Sustainable Approach to Decommission Offshore Wind Parks :
HOCHSCHULE North Sea Region

EMDEN-LEER Decom Tools Vessel Design European Resions Bevsiasmentrind  EUROPEAN UNION

Figure 5-16 shows the holds and tween deck from aft of the vessel. It also shows the side tanks
and double bottom tanks in green colour. The holds are totally flat bottom and rectangular in
order to provide more room for cargo loading.

Furthermore, the exact dimensions of the holds and decks are mentioned in the Table 5-1.

Table 5-1 Details of Dimensions of Decom Tools Vessel Holds and Deck

. Length Width =@ Height Area Volume Tones

Deck Side (nf’) () (n’f) (o P
Hatch Cover Hold No 1 STBD 25 21.5 0.6 537.5 > 16
Hatch Cover Hold No 1 PS 25 21.5 0.6 537.5 > 16
Hatch Cover Hold No 2 STBD 109 21.5 0.6 2343.5 > 16
Hatch Cover Hold No 2 PS 109 21.5 0.6 2343.5 > 16
Tween deck Hold No 2 STBD = 108.7 21 0.4 2282.7 >5
Tween deck Hold No 2 PS 108.7 21 04 2282.7 >5
Top Tank Hold No 1 STBD 25 21.1 527.5 >25
Top Tank Hold No 1 PS 25 21.1 527.5 >25
Top Tank Hold No 2 STBD 109 21.1 2299.9 >25
Top Tank Hold No 2 PS 109 21.1 2299.9 >25
Hold No 1 STBD 25 21.1 16.5 527.5 8703.75
Hold No 1 PS 25 21.1 16.5 527.5 8703.75
Hold No 2 STBD 109 21.1 23 2299.9 52897.7
Hold No 2 PS 109 21.1 23 2299.9 52897.7
e
e
8zle;rsall loading Area on top 5654.8

In the next chapter the sequences and the different cargo loading arrangement onboard the
Decom Tools vessel are shown and explained in detail. Therefore, the reason of such design
will be clear in the next chapter.

5.8 Bulkheads and Sections of Decom Tools Vessel

There is one longitudinal bulkhead which divides the breadth of the ship into 2 sections namely
port and starboard side. In addition, there exists five transverse bulkheads which divides the
vessel into 6 longitudinal compartments. Therefore, longitudinal and transverse bulkheads
structured the ship into 12 compartments (or sections) in total. Figure 5-17 shows the
longitudinal and transverse bulkhead of Decom Tools Vessel as well as collision bulkhead (in
the forward of the ship).

Figure 5-18 shows all 12 sections of the Decom Tools vessel both from side and top view (Plan).
Figure 5-19 shows the dimension of holds, hatch cover and overall length of vessel. As it shown

the tween deck exactly divide the hold number 2 into two equal heights.
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] Watertight Transverse Bulkheads

Watertight Longitudinal Bulkhead

Figure 5-17 Longitudinal and Transverse Bulkhead of Decom Tools Vessel

| Longitudinal & Transverse Watertight Compartments

SoctionNO 3 Section NO Section NO
+ 5 Hi it 3

i Section NO 1 Section NO Section NO
& port H 1l 3 part

i SoctionNO i SectionNO i Section NO i scctionNO
i Gsthd i ¥ 1t i 2 sthd

Figure 5-18 Longitudinal and Transverse Watertight Compartment

LOA 1595 meters
|

23 meters | —{ 11.3 meters 16.5
= i meters
e 113 meters 1

Figure 5-19 Dimension of Decks and Holds
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5.9 Tanks of Decom Tools Vessel

Every vessel has different types of tanks for different purposes. Decom Tools vessel the same
as other vessel has large number of tanks which they serve various applications. This vessel
consists of 98 tanks. Number of tanks and types of them are as following:
I. 46 number of double bottom ballast tanks including fore and aft peak tanks.
II. 22 number of Side tanks.
III. 18 number of topside tanks.
IV. 2 number of heeling tanks.
V. 2 number of freshwater tanks.
VI. 2 number of Lube oil tanks.
VII. 4 number of DO tanks.
VIII. 2 number of LNG tanks.

As it mentioned above, tanks serve different purposes and lays in various location of the ship.

the following figures show the location and types of Decom Tools Tanks.

Colour Code

Ballast Water Tanks . LNG Tanks

. Heeling Tanks . Lube il Tanks

Fresh Water Tanks n Diesel Oil Tanks

Figure 5-20 Plan of Tanks of Decom Tools Vessel

|| Aft Peak
| Tanks

o

Figure 5-21 Side View of Decom Tools Vessel's Tanks
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‘ | LO & DO tanks

i |
Ballast Double Bottom Tanks Ballast Double Bottom Tanks

Figure 5-22 Side View of Decom Tools Vessel's Tanks

AFt Peak Heeling
Tank Port Tank Port
Side Side

Fore Peak
Tank Port
Side

LNG PS
LNG STBD

Figure 5-23 Top View of Decom Tools Vessel's Tanks

k=

5.10 Topside, Side and Double Bottom Tanks

The double bottom tanks, top side tanks and side tanks are ballast tanks. In overall, the double
bottom tanks have volume of 27 930.404 m°.

The side tanks have volume of 9 110.264 m>. In addition, topside tanks have volume of 5

128.556 m®. Figure 5-24 show topside tanks, side tanks and double bottom tanks.

Top side tanks

Side Tanks

Double bottom tanks

Figure 5-24 Side, Topside and Double Bottom Tanks of Decom Tools Vessel
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Figure 5-25 shows the bow view of the vessel. In this view the location of topside tanks, side

tanks and double bottom tanks are shown clearly.

Top side Tank

Side Tank

Port
Port Double
Double Bottom
Bottom Tarik -

Tarnl
Ue Ly LENIre

Bddeline

Figure 5-25 Bow View of Double Bottom Tanks, Side Tanks and Topside Tanks

Figure 5-26 Cross Section of Double Bottom, (top)side Tanks

Figure 5-27 plan of Double Bottom (DB) Tanks of Decom Tools Vessel
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Figure 5-28 Cross Section of Top(side) Tanks

5.11 Engine Room and Battery Room
The Decom Tools vessel is equipped with two engine rooms and two battery room. Three
number of batteries are located in the AFT battery room and four of them are located in the
forward battery rooms. The reasons of this number of batteries in this vessel are explained in
the section of Batteries and Batteries Sizing.
The dimension of engine room is as following:
I. FWD Engine Room:

* Length: 21m

= Beam AFT: 47m

* Beam FWD: 30m

* Height: 17 m

II. AFT Engine Room:
* Length: 11.5m
* Beam AFT: 47 m
* Beam FWD: 47.5m
* Height: 22.5m

Figure 5-29 Location and Dimension of Engine Rooms
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5.12 LNG, Diesel Oil and Lube Oil Tanks

The Decom Tools vessel has 4 number of marine gas oil (DO) tanks with overall capacity
storage of 831.726 m>.

Furthermore, the Decom Tools vessel has 2 LNG tanks with overall capacity storage of
3719.1m>. Having considered that the main fuel system is LNG, therefore, the LNG tanks are
approximately 4.5 times bigger than Diesel oil tanks.

Based on the previous chapter, this volume of LNG is equivalent to 2200 m? marine gasoil.

According to the IGF code section §5.3.3, the distance of LNG tanks from side of the vessel
shall not be less than g, where B here is the beam of the vessel. However, in another clause, it
is stated that for ships other than passenger ships and multihulls, a tank location closer than g

from the ship side may be accepted. Furthermore, the minimum distance from bottom line

should be % or 2 m whichever is less.

Cargo ShipS IGC dist - no tank allowed

Cogd o {ron]

- | No more length limitation J

74

—

Figure 5-30 Location of LNG tank based on IGF code (Kokarakis 2015)

Figure 5-31 Location of LNG tanks of Decom Tools Vessel
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In the Decom Tools vessel, the distance of LNG tanks from side is considered 8 meter while
the % is 9.6m. Moreover, the distance of LNG tanks from bottom line is 5.5 meters.

Furthermore, the membrane LNG tanks are considered for the Decom Tools vessel (The
membrane tank currently is the most expensive types of LNG tanks). The reason of less distance

and devising membrane tanks is to bunker more LNG within the available space.

LNG Tanks

Figure 5-32 LNG tanks of Decom Tools Vessel (Perspective View)

4
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==

Figure 5-33 Plan of LNG and Diesel Oil Tanks
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LNG Tanks

Figure 5-34 Location of LNG tanks of Decom Tools Vessel

5.13 Fresh Water and Heeling Tanks
The Decom Tools vessel is equipped with 2 numbers of freshwater tanks with overall capacity
of 1931.782 m>. In addition, two heeling tanks with overall capacity of 1829.15 m? have been

designed for this vessel.

.¢
g HTSthd
FWStbd

Baseling

Figure 5-35 Back View QfFI"e.S;.l‘T Water and Heeling Tank
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Figure 5-36 Plan of Fresh Water and Heeling Tanks

5.14 List of Tanks and Volumes

Table 5-2 shows the list of tanks onboard the Decom Tools vessel along with their storage

capacity.
Table 5-2 Tanks List and Tanks Storage Capacity
List of Tanks Quantity of Tanks Stora%eTf:)pacity St({f:l%lemcj(l:zf)ity
For Peak Tanks 2 2154.263 2101.72
Aft Peak Tanks 2 4813.71 4696.302
Double Bottom Tanks 42 28628.668 27930.404
Side Tanks 22 9338.022 9110.264
Top Side Tanks 18 5256.768 5128.556
Heeling Tanks 2 1874.88 1829.15
Freshwater Tanks 2 1931.782 1931.782
Lube Oil Tanks 2 253.248 275.27
Diesel Oil Tanks 4 698.65 831.726
LNG Tanks 2 1747.976 3719.1
Total 98 56697.967 57554.274
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5.15 Accommodation of Decom Tools Vessel

As it stated before, one of the reasons that charter rate of installation or construction vessel are
high is that for installation operation, different specialists with different experiences need to be
mobilized in order to do the installation operation. But for transportation of cargos, there is no
need to mobilize almost most of the installation team. Lack of complex equipment on the cargo
vessel leads to mobilization of less specialist to run and maintain the vessel and the machineries
which lead to lower charter rate of the vessel. Less number of crew means less wage, less
supervisor, less demand of victual and so on. Normally the construction vessel has
accommodation capacity of between 80-300%" personnel. However, larger vessel has bigger
living quarter. In this design, we consider the accommodation for maximum 90 persons. During
the transportation operation, approximately 25 number of crew needs to be mobilized based on
our estimation. However, for pile extraction as well as cable extraction the number of crew can
be increased to 50 persons. Some extra cabins for clients as well as third parties and contractors
are included which compel us to enlarge the size of the accommodation. The dimensions of

accommodation of Decom Tools Vessel are as following:

Figure 5-37 Dimension of Accommodation

47 Pioneering spirit vessel has accommodation for 571 persons. Oceanic 500 has accommodation for 400
persons. Thialf vessel has living quarter for 736 persons (https://hmc.heerema.com/fleet/thialf/).

Hamed Askari & Ahmad Halimah 138|Page Master of Maritime Operations


https://hmc.heerema.com/fleet/thialf/

,’ University of Applied Sciences . P . I

A o An Ecco-Sustainable Approach to Decommission Offshore Wind Parks wierres
HOCHSCHULE NDrthASeiaR‘eglon .
EMDEN-LEER Decom Tools Vessel Design ek ki oo s | EGRPER RN

Accommodation

Figure 5-38 Side View of the Decom Tools Vessel (Showing Sections)

5.16 Major Machineries of Decom Tools Vessel

Decom Tools vessel is equipped with some basic equipment in order to meet the objectives of
Decom Tools project and generally to be suitable for decommissioning projects. However,
some of the used tools have never been used in any vessel so far. But the operations principal
of the tools is so ordinary and common which means in most of operations normal crew can
run the vessel. It is proofed in this document that it is possible to decommission the offshore
wind parks with some basic machineries. The question of which tools are necessary for
decommissioning operation and how to design the equipment and utilize them makes this vessel
unique and special for decommissioning operations. The section which is called Decom Tools

operation manual are explained in the next chapter.

5.17 List of Major Equipment
Engineering of this vessel necessitate to design some of the major equipment on various
locations. However, in every corner of this vessel, some equipment is devised to be installed.
The list of main equipment as well as main sections of the vessel are as following:
1. Accommodation.
Holds and hatch covers.
Hatch lifting tools.
Mooring winches.
Storm anchors and position anchor winch.
Gantry cranes.
Life-Saving Appliances (LSA) including Lifeboats; lift raft and etc.

Flettner Rotors.

o ® N kWD

Solar system.
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10. Batteries and battery rooms.

11. Hydraulic Grippers.

12. Pile/Transition piece cutting tool.

13. Automatic and manual marine growth removal system.

14. Cable rollers.

15. Cable extraction winches.

16. Cable hydraulic gripper.

17. Cable shear cutter.

18. Cable cutting Cabin.

19. Automatic and adjustable seafastening for blades.

20. Blade cutting tools.

21. Propulsion system.

22. Engines and generators.

23. Engine rooms.

24. Propulsion system.

25. Propulsion rooms.

26. Water desalination system.

27. Different types of tanks.
In the following sections, the various equipment and assets of this vessel are shown one by one.
However, the detail design of some of the equipment and tools will be attached as appendices
to this document such as Flettner rotors, solar system, Blade seafastening and cutting tools,
hydraulic grippes etc.
5.17.1 Cranes of Decom Tools Vessel
Four cranes are engineered for the Decom Tools vessel, and all are located on the bulkhead
deck or weather deck. Two of them are gantry cranes and others are provision cranes. Each type

of cranes serves different applications.

5.17.1.1 Gantry Cranes
The gantry cranes are designed to be employed for the following applications:
I.  Lifting and loading the components and cargos from the deck into the holds.
II.  Lifting and placing the hatch covers.
III.  Pile extraction.

IV.  Transition Piece removal and so on.
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The pile extraction function of Decom Tools vessel compels us to increase the lifting capacity
of gantry cranes. In this design, each gantry crane has Safe Working Load (SWL) of 750 tones
which in tandem configuration (using both cranes simultaneously), they can lift 1500 tones.
1500 tons lifting capacity is enough to maintain the weight of monopile.

Based on the manufacture recommendation, the gantry crane with this specification required a
hoist with electromotor of 1100 kW for lifting of 750 tones. But it should be considered, in
many cases the loads are so light and need to be transferred by the gantry crane, for example
during lifting the blade. The blade of 12 MW turbine has weight of 55 tones which need to be
lifted and lowered into the holds by using both gantry cranes. In order to minimize the
consumption of gantry crane, two electro motors for hoists have been devised. The small electro
motor is designed for lifting object with weight of 50 tones. In addition, the large size
electromotor can be used to lift items with 750 tones.

The application of gantry crane for the pile extraction operation is explained in the next chapter.
Not only in the pile extraction operation, but in cable extraction, cargo loading, marine growth
removal and other operations these cranes can be used.

There are many types of the cranes in the market. The reasons why we select the gantry cranes
are as following:

e There is no need to construct huge structure for this type of cranes on the vessel deck
since the crane is mobile and move longitudinally. The crane has access/move from aft
of the vessel to the accommodation and the winches provide access from port to
starboard side.

e This type of cranes can be operated by normal crew (riggers, barge foreman or deck
foreman) and no need to be operated by certified crane operator*®. The day rate of heavy
lift crane operator is between 500-800$ per day which in this case, no need to mobilize
such crane operators.

e This type of crane is not so much influenced by the rough sea state and bad weather
condition which means that can be operated in most of weather conditions.

e The lifting capacity in all condition is fixed since the boom angle does not change. So,
it does not have load lifting chart for different boom angle which make the operation so
easier.

e The motion of vessel does not impede the function of this type of the crane.

e There is no need to reinforce the vessel structure since the load are distributed to the

beam of the ship.

48 Crane operator with stage 2 or stage 3 certificate
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The idea of design of the gantry crane structure is taken from the American vessel by the name
of VB 10000* which is shown in the Figure 5-39. Each gantry crane on VB-10000 can support
a single Claw, and each Claw is capable of lifting 1.800 metric tons from locations as deep as
110 m underwater. The total lifting capacity of a single Claw is 2.700 metric tons, but the claw

itself weighs 910 mt (Wikipedia 2021).

Figure 5-39 VB 10000 (Greeves n.d.)

Figure 5-44 shows the structure of gantry cranes of Decom Tools vessel. This structure is drawn
very roughly without conduction of any structural analysis and simulation. Therefore, the
geometry of members of the structure are not engineered. Also, the size of structure members
is not sized and designed. The aim of showing such structure is to stress that the width between
the vertical member of the gantry crane (gantry legs) is 47 m and the conventional gantry cranes
have lower width. So, the structure of common gantry crane which is shown in the Figure 5-40
may not fit this purpose. However, similar equipment needs to be installed on this gantry crane
too. Figure 5-41 shows the electro motors of the gantry cranes. As it stated before, each gantry
crane has two electro motors.

Figure 5-42 shows the height of winches of gantry crane with respect to the top of the hatch

covers. As it shows the heigh in this design is considered 24.4 meters.

4 Deployed for the first time in October 2010, this new system, designated the VB 10,000, is the largest lift

vessel ever built in the United States.
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Figure 5-41 Electro Motors of Gantry Cranes
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Max Hook Height
53 m above Keel

Figure 5-42 Height of Gantry Crane

i

Figure 5-43 Dimension of Gantry Cranes

Figure 5-44 Structure of Gantry Cranes
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5.17.1.2 Provision Pedestal Cranes

An Ecco-Sustainable Approach to Decommission Offshore Wind Parks

Furthermore, two provision pedestal cranes are designed at port and starboard side of the vessel
with safe working load (SWL) of 30 tones. Based on similar ships in the market, the
electromotors for this crane consume 44 kW approximately.
These cranes have following applications:

e Transferring crew from/to the vessel.

e Lifting cargos from other vessel or port such as provision, spare parts of the vessel.

e For the maintenance and cleaning of the accommodation, monkey island equipment and

SO on.

e For the maintenance of the hull.

e For the maintenance of gantry cranes winches.

e For conveying mooring lines.

e Lowering tools to the seabed like beacon etc. and other possible operations.

//’,’-‘ Gantry Cranes

;'l'i?-

Figure 5-45 Cranes of the Decom Tools Vessel

Provision cranes.
30 tons SWL
Gantry cranes
S
750 tons SWL :

Figure 5-46 Gantry and Provision Pedestal Cranes
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These provision cranes should have overlap. In this case the length of boom of provision crane
is 33 meters. Figure 5-47 shows the length of provision cranes when the booms tip is located in
the centreline of the ship.

To transfer the crew with provision crane, they should be certified for man riding operation.

Furthermore, for sending the equipment into the sea, they should be certified for subsea

operations.

Figure 5-47 Boom Length of Provision Cranes

5.17.2 Flettner Rotors of Decom Tools Vessel
Flettner rotor is a wind assisted propulsion system that harness the power of wind and convert
it to additional forward thrust. In the rotor technology, the amount of fuel savings decreases as
the ship size increases. Savings of 60% for small ships have already been achieved while
savings of up to 19% on Very Large Crude Carriers (VLCC) are being modelled (Mofor ,
Nuttall and Newell 2016). Enercon E-Ship 1 is the only wind turbine component carrier in the

market which is equipped with Flettner rotors.

Figure 5-48 Enercon E-Ship 1 (equipped with 4 number of Flettner rotors)
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Two Flettner rotors are designed in the Decom Tools vessel in order to enhance the performance

of the vessel which contribute to reduction of the fuel consumption and CO; emission.

(>

i
L | k 1

[

Ae

Figure 5-49 Bird’s-eye View of Decom Tools Vessel and Flettner Rotor

There are three reasons to place the Flettner rotor on top of the accommodation as following:
e To increase the deck space. Placing them on the deck occupy space which there is
demand for all the deck area for cargo loading.
e To prevent clashes and accident during cargo loading.
e The wind speed in higher altitude is more than on the bulkhead deck, so more energy
can be captured on the higher altitude which means more efficiency>".
The rotors are located on top of accommodation on the following location (x, y, z):
e Starboard side rotor: (163, 20, 50)
e Port Rotor: (163, -20, 50)

There might be one problem with installation of Flettner rotor at the accommodation. In this
case the air draft of the vessel will be increased which can cause a problem when the vessel
wants to sail under bridge. To cope with this problem, the tiltable Flettner rotors have been
designed for this ship.

Figure 5-50, Figure 5-51 and Figure 5-52 shows how the tiltable Flettner rotor look like on this
vessel. By implementing the tiltable Flettner rotor, the air draft of the vessel can be reduced 12

meters.

30 https://www.intechopen.com/books/wind-farm-technical-regulations-potential-estimation-and-siting-

assessment/methodologies-used-in-the-extrapolation-of-wind-speed-data-at-different-heights-and-its-impact-in-

th

Hamed Askari & Ahmad Halimah 147 |Page Master of Maritime Operations


https://www.intechopen.com/books/wind-farm-technical-regulations-potential-estimation-and-siting-assessment/methodologies-used-in-the-extrapolation-of-wind-speed-data-at-different-heights-and-its-impact-in-th
https://www.intechopen.com/books/wind-farm-technical-regulations-potential-estimation-and-siting-assessment/methodologies-used-in-the-extrapolation-of-wind-speed-data-at-different-heights-and-its-impact-in-th
https://www.intechopen.com/books/wind-farm-technical-regulations-potential-estimation-and-siting-assessment/methodologies-used-in-the-extrapolation-of-wind-speed-data-at-different-heights-and-its-impact-in-th

> I Universit of Applied Sciences . P . I

@ e An Ecco-Sustainable Approach to Decommission Offshore Wind Parks wierres
HOCHSCHULE ool
EMDEN-LEER Decom Tools Vessel Design uopennosons Devsosmantrurd  EURGPEAN UNION

In this vessel we are going to use MV "Fehn Pollux" data as a reference vessel. Therefore, it is
essential to briefly illustrate the major technical specifications of the implemented Eco Flettner
rotors on board the above-mentioned vessel. The Eco-Flettner rotor has an aspect ratio about
six, which afford a high aerodynamic lift force with a lower drag force, consequently enhancing
propulsion performance particularly in upwind conditions.

The specifications of Flettner rotors are as following:

Table 5-3 Specification of Flettnre Rotor

Description Values Units

Cylinder Diameter 3 m
Cylinder Height 18 m
End Plate Diameter 6 m
End Plate Height 0.1 m
Aspect ratio 6

Projected Area 53.4 m?
Surface Area 171.5 m’
Max Rotor RPM (RPM MAX =280) 270

However, Norsepower claimed that two 35m tall rotor sails are estimated to reduce fuel
consumption, fuel costs, and emissions by as much as 25% (Norsepower 2021). Having
considered that the full information is not available, we did not consider this size of rotor in the
Decom Tools vessel.

In this document, it is considered that the Flettners of the Decom Tools vessel reduce the fuel

consumption by 25%, if the vessel sail with 60% of max speed which is 7.57 knots.

Tiltable Flettner rotors

W mn

|

Figure 5-50 Perspective View of Flettner Rotors
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Figure 5-51 Foldable Flettner Rotor
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Figure 5-52 Foldable Flettner Rotor

e,

Figure ! 53 Tiltable Flermer Rofor (VPO 2021)
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5.17.3 Solar and Hybrid System of Decom Tools Vessel

The conceptual design for implementation of solar system onboard the Decom Tools Vessel
has been conducted. The basic study demonstrates that considerable amount of saving can be
achieved by using solar system as well as hybrid system. The advantages of using hybrid and
solar system are as following:

1. Utilize energy from shore power.

2. Run engines at optimum loads (implementation of batteries onboard of this kind of
vessel can lead to remarkable saving of fuel and CO» emission. In addition, the engines
depreciation will be decreased. As it discussed in previous chapter, sailing between
wind turbines cannot exceed with speed more than 1 knot, or when the vessel is leaving
the port or entering to the port the vessel shall sail with low speed, sometime less than
1 knot. This means that the engines should not work on full load. Less load on diesel
engines means less efficiency and more depreciation and maintenance. When the vessel
cannot sail with high speed, the engines can work on optimum load and by using a shaft
generator, batteries can be charged in order to save the energy in necessary conditions.
Avoid transient engine loads.

Use power redundancy.

Reduce local emissions.

A

Reduce noise and vibrations.

7. Facilitate energy harvesting and energy recovery

5.17.4 Solar System Design

Two different solar systems are designed for the Decom Tools Vessel as following:

5.17.4.1 Fixed Solar Panel
Solar panels are designed in this vessel as handrail all over the length and width of the vessel
(except stern). Also, the solar panel are designed to be installed on the top and forward of the
accommodation. Figure 5-54 shows the location where solar panels can be installed.
System A and B shows that the installation of solar panel can take place on the handrails.
System C is top of the accommodation (monkey island) which solar panel can be installed.
System D which is forward of the accommodation needs extra structure to be installed from top
of the accommodation to the bow of the vessel which is shown in the Figure 5-55
Furthermore, the selected panel for the Decom Tools vessel is Trina Solar, Vertex 605WP.
Figure 5-56 shows the dimension and mechanical specification of this panel. This panel so far

is the most efficient panel in the market which has peak power of 605 watt per panel.
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Figure 5-55 Location of Solar Panel on Decom Tools Vessel (System D)

The panel has dimension of =2172 x 1303 x 35 mm and each of them weigh about 31 kg.

According to Figure 5-54, under the A section, which is starboard side of the vessel, starting
after 13 m (from the stern of the ship) extending to the accommodation the solar panel can be
installed as handrails. These panels are placed with spacing to avoid shadow through tilting of
the panels. During the length of 152 m with portrait placement of panels 84 numbers of panel
can be installed. This number of panels can generate 50.82 kWp and weigh about 2.6 tons

excluding the structures weight.
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MECHANICAL DATA

1303

% 1264 Solar Cn.lls Monocrystalline

iy No. of cells 120 cells

1 Module Dimensions 2172=1303~ 35 mm (85.51=51.30= 1.38 inches)
‘Weight 30.9 kg (68.11b)

[:] Glass 3.2 mm (013 inches), Hgn
el Encapsulant mataerial EVA
Backsheet White
Frame 35mm(1.38 inches) Anodized Aluminium Alloy
FBax IP 68 rated
Cables Photovoltaic Technology Gable 4.0mm2 (0.006 inches2),
I Portrait: 280/280 mm({11.02/11.02 inches)
N ’7 Landscape: 1400/1400 mm(55.12/55.12 inches)
N wlal of - Connector MC4 EVO2/ TS4*
b 3\» spRcined mannector,
TEMPERATURE RATINGS MAXIMUMRATINGS
INOCT Morminal Dperating Cell Tempessture)  43°C(22°C) Operatonal Temparature  -40~+85"C
Temperature Coefficient of Puax - 0.34%/°C Maximum System Voltage 1500V DC(IEC)
Temperature Coefficiant of Voo - 0,25%/°C 1500V DC(UL)
o Temperature Coefficient of lsc 0.04%/°C Max Series Fuse Rating 30A
WARRANTY PACKAGING CONFIGUREATION
L = 12 year Product Workmanship Warranty
25 year Power Warranty Modules per 407 containar: 512 pleces
2% firstyear degradation
FrontView Back View 0.55% Annual Power Attenuation

Figure 5-56 Mechanical Specification & Dimension of Trina Vertex Panel (Trina Solar n.d.)

Referring to the Figure 5-54, under section B which is the mirror of section A (portside of the
vessel) 84 number of panels can be installed as handrails which produce 50.82 kWp.
Following Figure 5-54 under section C, on top of the accommodation there exist area of 525
m?. In this available space, 185 number of panels can be installed. This number of panels
produce 111.925 kWp. It should be noted normally on the monkey island many equipment such
as VSAT, radar, wind measurement instruments, flag and so on are installed. The mentioned
equipment may reduce the quantity of the panels that can be installed. In addition, all of the
installed equipment can cause shadowing which can reduce the efficiency of the solar panels.
Lastly under section D which is the bow of the vessel as per Figure 5-55, instead of installing
the panels as handrails, a better system would be a roof of solar panels, from the top of the
accommodation to the forward of the vessel. Surface of this area is about 418 m?. 146 numbers

of panels can be installed. This numbers of panel can produce 88.33 kWp.

5.17.4.2 Portable Solar Panel
The portable solar panel are designed to be installed on top of the hatch cover as well as weather
deck of the Decom Tools vessel. When the vessel does not have cargo, this type of panel can
be laid on top of the hatch cover by gantry cranes. The foldable and portable solar panels are
selected for this part of the vessel. However, panels used in this region could be either the
previously used Trina solar panels along with huge structures for portability and foldability.
But rollable panels, with less wattage but easier to handle, install and uninstall is selected for

this section.
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According to Figure 5-54,under section E, the available area is about 6532 m? which
this type of panels can be installed there. The required standards area for a single rollable

panel is 122 m?. According to available space on the top of hatch covers and weather

deck, 53 numbers of rollable solar panel can be installed. These amounts of rollable

panels produce 572.4 kWp.

v LS h
i%ﬁh\ il-ll“ “:‘? ) “.- ‘-L‘-." &"- A ".I"-'hh' e - Tk -&]! AT

F'gure 5-57 Rollable and Portable Solar Panel

Source: (Renova Gen n.d.)
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In overall, the total solar plant capability is about 874.295 kWp. Therefore, the produced energy
can be 2.508 MWh/day.

According to irradiation of sun in the North Sea Region during the different months of the year,
the average production is shown in the Figure 5-60. Highest in July, outputting 118.6 MWh and
lowest in month of December with outputs of 18.7 MWh. The calculation and simulation can

be found in the master thesis of Mr. Adithya Rajeev Nair (Student f Dalarna University).

RAPID ROLL 4\ 10 RAPID ROLL 7\ 60 RAPID ROLLTIN120

ELECTRICAL SPECIFICATION

PV TECH CIGS CIGS CIGS
NO OF MODULES 12 24 36
MODULE POWER I00W 300 W 300 W
TOTAL PV POWER 3.6 kWp 7.2 kWp 10.8 kWp

INVERTER SYSTEM

Electrical specification Single Phase 120V / 60 Hz Single Phase 120V /60 Hz  Three Phase 208 V / 60 Hz
(split phase also available) or 230V /50 Hz** or 230 V / 50 Hz** or 400V /50 Hz
Maximum output power ‘e e
(30 second pealks3 sec' surge) 8.0 kW (21 kW /11 kw) 2.0 kW (91 kW /11 kW) 24 kKW (27.3 kW / 33 kW)
Max rated continuous 6 KW 6 KW+ 18 kW

output power

Figure 5-59 Specification of Rollable and Portable Solar Panel

MONTHLY AVERAGES OF PHOTOVOLTAIC POWER

115.3| [115.6] [118.6]
106 =i i 1094 ]

May Jun Jul Aug Sep
Months

Figure 5-60 Produced Energy by Fixed and Portable Solar Panels During a Year
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These energy values have been calculated with the irradiance levels and sunshine hours in the
North Sea Region. The detail of solar system design as well as battery sizing will be attached
as an appendix to this document. The comprehensive research for solar system design has been
conducted by one of master students at Dalarna University. In this report, it will be shown how

much the solar system can contribute to reduction of cost and mitigation of emission.

5.17.5 Ballast Pump
One of the most important equipment onboard the Decom Tools vessel is ballast pump since it
plays colossal role in pile extraction operations. Comprehensive study regarding the size and

number of ballast pump is conducted

=y,
ampany: Iron PLENp ANS (If
dame:

e iz IrONPUME

world class water pumps

Pump: 1 [Search Crifaria:
Slze:  500-E00G30-T Flow: 3000 m?/hr Head: 70 m
Type: QHGVY [ QVKEY Speed: 1430 pm :
Synch spead; 1500 pm Dla: 535 mm o e T RS O HEad
Curve: A06201048X Impeller: 40E2 [Fiudt o
Spectic Spaeds: ng — Water Temperatura: 20 *C
B — Density: 0553 kgim? Wapor pressure: 2339 kPa a
S Lo ViECoEHy: 0.9946 cP M pressure: 101.4 KP3 3
Discharge: 500 mm NPSHa: —
Pumg Limits: ] [Motor
Tempemture: 1207C Pawer — Standard: — =
Pressuna: 1600 IPag E]'E area: — Enclsure: — SPEEI ——
ﬂprEI'E'SIZE 10 mm Frame: —
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== Data Paint== 1 L
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140 —
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EM a2.4% B “
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12
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- ]
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Figure 5-61 Specification of Ballast Pump
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The final design is to use 10 number of ballast pumps with flow capacity of 3000m>/hr. Figure
5-61shows specification of a ballast pump with above-mentioned capacity. The size and

quantity of ballast pumps are crucial since it changes the pile extraction operation.

5.18 Propulsion System

As it stated in the previous chapter the design of propulsion system depends on various factors.
The ship needs to be empowered by a specific thrust to be sailed with specific speed. The most
influential factors for calculation of required power are speed, geometry, and draft of the vessel.
In other words, the geometry and draft identify the vessel resistance with respect to different
speeds. However, environmental loads (dynamic loads) such as wind, wave, current water and
so forth impact the required power. Not only the propulsion system can be used in sailing mode,
but also it can be used if the vessel wants to maintain the position is a specified location for a
particular operation. In this situation, the vessel needs dynamic positioning (DP) in order to
resist against the loads. During the DP operation, normally the propellers and bow thrusters
need to work around the clock in order to keep the position of the vessel.

The question of why to implement DP system in the Decom Tools vessel is explained in the

following sections.

5.19 Correlation Between Draft, Speed, Resistance and Power

Regardless of how to keep the position of Decom Tools vessel in the field, we would like to see
what the relation between the draft of the vessel, vessel speed and the required power for the
propulsion system is. To find out this result, a simulation has been made in the MAXSURF
module resistance. The results are selected for following two scenarios:

a) When the vessel is at minimum draft. The minimum draft of the Decom Tools vessel
is 6 meters. The minimum daft can happen when there is not any cargo onboard the
vessel and ballast tanks are partially ballasted.

b) When the vessel is at maximum draft. The maximum draft of the Decom Tools vessel
1s 19.76 meter. It is evident that the higher draft will result in more hull resistance. More
resistance requires more power for the propulsion system to provide the thrust for
sailing.

Table 5-4 provide the vital information for calculation of the resistance of the vessel. This
information is based on the design of the ship, and all are extracted from MAXSURF

Resistance.
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Table 5-4 Parameters to Design Propulsion System

iterreyg
North Sea Region

Decom Tools Vessel Parameter Value Unit
LOA 195 m
Beam 48 m
LBP 177 m
lightship 20 741.78 t
Designed water line (Max Draft) 19.762 m
Displacement 155 563 t
Volume (displaced) 151 768.494 m?
Prismatic Coefficient’ (Cp) 0.863
Block Coefficient (Cy) 0.836
Waterplane area coeff. (Cwp) 0.921
Length: Beam ratio 3.989
Beam: Draft ratio 2.429
TPC* @ draft 10 m 84.086 Ton/cm
TPC @ draft 18 m 86.868 Ton/cm

Table 5-5 shows the resistance and required power at various speed at two-mentioned draft.
The maximum speed of the vessel is 12.62 knots. This speed can be achieved when the vessel
is at draft of 6 meter. The orange cells show the values of resistance and power in the speed of
12.62 knots.

When the vessel is fully loaded, the maximum speed can be 9.5 knots. The cells which are
highlighted in yellow shows the value of power and resistance when the vessel sail at draft of
19.76 meters and the speed of 9.5 knots.

Figure 5-62 shows the relation between Decom Tools speed (knot) and the resistance (KN) at
draft of 6 meter (minimum draft).

In addition, Figure 5-63 illustrates the correlation between Decom Tools speed (knot) and the
power (kW) at draft of 6 meter.

Figure 5-63 depicts that relation between speed and required power for propulsions system is
nonlinear. The required power is increasing exponentially with respect to the speed. In

particular, after speed of 7.57 knots, huge amount of power is needed for the propulsion system.

51 Prismatic Coefficient is used to define how displacement is distributed along a hull, or how fine or full the
ends of the hull are.

52 TPC (Tons per Centimeter): the number of tons required to sink the ship one centimeter.
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Table 5-5 Correlation between Speed, Resistance and Power

Min & Max Draft Decom Tools Vessel at 6m Draft Decom Tools Vessel at 19.79m Draft
Speed Holtrop Resistance | Holtrop Power RI;IS(;lsttl;l(:llze Holtrop Power
(Knot) (KN) (KW) (KN) (KW)

1.000 15.8 10.822 17.9 12.305
1.500 43.6 44.896 40.3 41.480
2.000 86.2 118.266 72.1 98.905
2.500 140.5 240.903 113.7 194.911
3.000 202.6 416912 165.4 340.254
3.500 269.1 646.141 227.4 545.987
4.000 337.5 926.104 300.1 823.310
4.500 406.1 1253.381 383.4 1183.427
5.000 473.6 1624.437 477.4 1637.396
5.500 539.7 2036.039 582.1 2196.006
6.000 603.9 2485.434 697.3 2869.664
6.500 666.2 2970.393 822.8 3668.314
7.000 726.7 3489.208 958.3 4601.367
7.500 785.4 4040.645 1103.6 5677.665
8.000 842.6 4623.900 1258.4 6905.461
8.500 898.5 5238.551 1422.3 8292.423
9.000 953.2 5884.520 1594.9 9845.654
9.500 1007.0 6562.045 1775.8 11571.737
10.000 1060.1 7271.672 1964.8 13476.808
10.500 1112.7 8014.254 2161.4 15566.653
11.000 1165.1 8790.975 2365.3 17846.837
11.500 1217.4 9603.379 2576.4 20322.875
12.000 1270.0 10453.423 2794.3 23000.440
12.500 1323.0 11343.525 s3019.1 25885.605
12.62 1336.41 11574.512 3250.5 28985.138
13.000 1376.8 12276.629 3488.9 32306.822
13.500 1431.6 13256.274 3734.2 35859.811
14.000 1487.7 14286.654 3987.1 39655.013
14.500 1545.6 15372.693 4247.8 43705.504
15.000 1605.6 16520.061 4517.3 48026.905
15.500 1668.1 17735.357 4796.2 52637.613
16.000 1733.6 19026.129 5085.8 57560.362
16.500 1802.5 20399.921 5387.4 62820.987
17.000 1875.2 21865.917 5702.0 68444.538
17.500 1952.6 23438.000 6031.3 74466.656
18.000 2035.3 25128.653 6378.9 80945.342
18.500 2122.9 26939.328 6747.0 87930.812
19.000 2215.2 28869.819 7134.2 95423.815
19.500 2313.5 30944.018 7538.1 103412.078
20.000 24213 33216.681 2637090.09 27132.7269
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Figure 5-63 and Table 5-5 shows that the required power for the speed of 16.62 knots is
11574.512 kilowatt.

The required power for the speed of 17 knots at draft of 6 meters is 21865.917 kilowatt which
is approximately two time more than speed of 12.62 knots. It means sailing with 4.3 knots more

than 12.62kn demand double power for the propulsion system.
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Figure 5-62 Correlation Between Speed and Resistance at Draft of 6 meters
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Figure 5-63 Correlation Between Speed and Power at Draft of 6 meters

Figure 5-64 illustrates the correlation between speed (knot) and Resistance (KN) at draft of
19.79 meters which is the maximum draft of the Decom Tools vessel. Referring to above figure,
the resistance also is increasing exponentially with vessel speed. In the speed of the 9.5 knots,
the resistance is 1775.8 kn. However, for the speed of 13 knots the resistance is 3488.9 which
1s two times more than speed of 9.5 knots. Table 5-5 shows the exact value of the resistance

and power for the range of speed between 0 to 20 knots.
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Moreover, Figure 5-65 depicted the correlation between the power and the speed at draft of
19.79 meters.

Table 5-5 shows that for the speed of 9.5 knots, the required power for the propulsion system
should be 11570.623 kW. However, for the speed of 12 knots the required power is 23000 KW.
It means 2.5 knots extra speed need approximately double power and ultimately consume

double fuel which will pave the way for non-sustainable operation.
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Figure 5-64 Correlation Between Speed and Resistance at Draft of 19.79 meters
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Figure 5-65 Correlation Between Speed and Power at Draft of 19.79 meters

Comparison of the Decom Tools at different draft shows that in minimum draft, with the power
of 11571 kilowatt the vessel can sail with speed of 12.62 knots. However, with the same power

the vessel can sail with speed of 9.5 knots at draft of 19.79 meters.
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5.20 Selection of Propeller

With having this result, five numbers of thrusters have been engineered for the Decom Tools
vessel. Three of them are Voith Schneider propeller which are located in the aft of the vessel.
In addition, two of them are tunnel thruster as bow thrusters. Bow thrusters are used for low-
speed manoeuvring. It should be noted that VSP does not need the bow thrusters during sailing
since the VSP can provide the thrust as well as change the heading simultaneously.

According to the Voith Schneider Propulsion system manufacturer data sheet, we can select the
VSP 36 for the Decom Tools vessel. Three numbers of this propeller can provide 11700 kW
which is enough for the Decom Tools vessel with the speed of 12.62 knots. Consequently, three
number of VSP 36 suffice the demand of Decom Tools Vessel.

Propeller  Control Control VRS** Blade orbit Blade Housing Housing  Number of Weight il Max.
type/ system system option diameter length heigt diameter gearsteps without oil filling propeller
size ME/ECA* EC** A = C D input power

[mm] [mm] [mm] [mm] [abt. kg] [abt.l] [kW]
VEP 12 X 1200 912 1186 1660 1 3800 380 260
VSP 16 X 1600 1216 1372 2145 1 6700 680 540
VSP 18 X 1800 1512 1480 2405 1 9500 1000 780
VSP 21 X 2100 1766 1765 2815 ior2 16000 1600 1000
VSP 26 X 2600 1965 1880 3435 2 27500 2700 1500
VSP 28 X X X 2800 2365 2168 3790 2 38500 4300 2000
VSP 30 X 3000 2666 2380 4000 2 47000 4000 2450
VSP 31 x x X 3100 2666 2300 4200 1 48000 4000 2500
VSP 22 b X X 3200 2666 2371 4250 2 50000 5200 2600

[ VSP 36 X W X 3600 2872 2485 4765 2 75000 7700 3900 ]

I i) |
[ 7

i

Figure 5-66 Data Sheet of Voith Schneider Propulsion System
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There are a couple of reasons why the designers of the Decom Tools vessel selected Voith
Schneider propulsion system for this vessel as following:

1. Decom Tools Vessel must need high precision manoeuvring due to pile extraction
system. Furthermore, moving inside an OWP and approaching to a wind turbine need
accurate manoeuvring. Having considered that VSP has the highest precision of
manoeuvring among all types of propulsion systems, this propulsion type is devised for

this vessel.
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2. In the feeder configuration, the Decom Tools can keep the position in the field beside
the construction vessel in three different methods which directly depends on the site
condition as well as types of the construction vessel.

A. If the construction vessel is jack up vessel, the Decom Tools Vessel cannot tie
up itself to the jack up vessel. The jack up vessel stability is just designed to
withstand the forces which is exerted by the environmental load as well as
construction forces such as lifting operation. Therefore, no types of vessels can
be tied up to the jack up vessel. In this case, there are two possible scenarios for
Decom Tools Vessel as a feeder vessel to maintain the position beside jack up
vessel.

I. The first possibility is to drop mooring lines and keep the position by
mooring anchors. In this case vessel can move in each direction
approximately 500 meters (depending on the length of anchor wire, water
depth, the sea state, the soil characteristic etc.). in some cased, dropping
anchor in the fields is not possible, for example, where there are lots of
subsea asset in the field or where the depth is high.

II.  The second possibility is to keep the vessel position by DP mode. So, in this
case, the Decom Tools Vessel need to be equipped with DP system. DP
system includes DP module, DP reference systems, suitable propellers for
DP system, engines and so forth. The problem with DP system is that fuel
consumption is relatively high in this mode. However, the fuel consumption
should be calculated for overall project including sailing, DP mode, port
mode etc. On the other hand, it should be noted the operation on DP is so
smoother and easier and also manoeuvrability will be so easier and accurate.
The VSP is the only propulsion types that does need extra thruster to be
installed for DP system. In other propulsion system, if the vessel is designed
to work on DP mode, the retractable thrusters need to be installed in addition
to bow and transit (Main) thrusters. But in the VSP these three propellers
can be used for steering, transit and manoeuvring.

B. Ifthe vessel is floating vessel, the Decom Tools vessel can maintain the position
besides the construction vessel in three different modes.

I.  Keep the position in DP mode (advantages and disadvantages explained

above).
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II.  Use mooring line and dropping anchors. In order to maintain the position of
this large vessel at least six number of anchors need to be deployed. Running
of each anchor takes at least three hours which means just dropping anchor
takes 18 hours. Anchor running is time consuming and is not recommended
to conduct, if better option is available.

III.  Tie up to the construction vessel. This mode is the best way to keep the
position of feeder vessel alongside the construction vessel. In this mode, the
construction vessel keeps the position either in DP or anchor and the feeder
vessel will tie up to the construction vessel. The construction vessel directly

lifts the components and load onto the Decom Tools Vessel.

5.21 Advantage and Disadvantages of DP mode
There are some advantages and disadvantages with operating the vessel in DP mode. The
advantages are listed in below:

M The manoeuvrability of the vessel in the DP mode is very flexible and precise.

M In addition to the high manoeuvrability of the vessel, in some fields, due to existence of
subsea assets like cables, pipelines etc., the field owner do not allow the vessels to drop
anchors. So, the only method of positioning is DP mode.

M Employing anchors in deep water is not a safe and effective means of positioning the
vessel.

M Regardless of type of construction vessel, the cargo vessel can maintain the position via
DP easily without any conflict. It means that conduction of simultaneous operation
(SimOps) is so easy, if the cargo vessel run on DP.

However, keeping the vessel in the DP mode has some disadvantages as following:

The propulsion system should work around the clock which will result in large fuel
consumption (the loads are discussed in the next sections).

High fuel consumption leads to high CO> emission.

For DP operation, DP officers need to be mobilized which they have high wage. So, the
charter rate of vessel will increase in the DP mode.

DP need more machineries to be in operation which means more maintenances are
needed.

The following figures (Figure 5-67 and Figure 5-68) show importance of equipping the cargo
vessel with DP in the wind industry.
The below photos show one of the reasons why equipping the cargo vessel with DP system is

vital in the wind industry. The monopiles of Hornsea 1 which are constructed in Rostock in
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Germany were transported to the Able Seaton ports and Tees Port which are close to the wind
farm in the UK. Also, the installation vessel sailed toward the port in order to load the monopile.
See Figure 5-69 .If the cargo vessel was equipped with DP system (or position anchor winches),
then it was possible to directly transport the monopile in the site rather than both sailing to the

mentioned port for discharging and loading the monopiles.

4 g

= o Ay

Figure 5-68 Loading of Monopile from Cargo Vessel to the Installation vessel (SAL 2019)
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The omission to equip the cargo vessel with DP system result in increase in the offshore
operation, more cost to the project and finally more fuel consumption as well as more emission.
Therefore, in the design of Decom Tools vessel, 3 number of VSP is considered at the stern of
the vessel plus two numbers of tunnel as bow thrusters. This combination of propellers allows

safe and precise manoeuvring of the vessel for the mention offshore operations.

e R

SAL

. . r - L

Figure 5-69 Loading of Monopile from Cargo Vessel to the Installation vessel (SAL 2019)

Figure 5-70, Figure 5-71 and Figure 5-72 demonstrate the location and number of mentioned

propellers in the Decom Tools vessel.

Voith Schneider Propeller

Figure 5-70 Bottom View of Decom Tools Vessel

Bow thrusters are added to increase the manoeuvrability of the vessel on DP mode. During the
transit mode, the VSPs are able to steer the vessel to the desired heading. Figure 5-72 shows
the bow thrusters of the Decom Tools vessel. As it shows the vessel is equipped with two bow
thrusters which each of them is 1000 Kw. They can be used when the vessel operates on DP,

during pile extraction, cable recovery as well as TP removal.
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Figure 5-72 Bow Thrusters of Decom Tools Vessel

5.22 Machineries and Power Consumption of Decom Tools Vessel

There are lots of equipment and machineries onboard the Decom Tools vessel. These
machineries are considered as loads which require power and electricity to run. As it stated
earlier, one of the biggest consumers of electricity is propulsion system. Nevertheless, there are
other equipment which consume electricity considerably. Table 5-6 shows the list of the
equipment along with the quantity of them and their power consumption. In the following table,

loads of accommodation includes water maker, the cooling pumps, HVAC and so on.
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Decom Tools Vessel Design

Therefore, the above-mentioned equipment considered as one load with consumption of 200
Kilo watt. It should be noted that vessel has different load profile during different modes of
operation. It means that all of the equipment will not be in service simultaneously. In order to
calculate the loads, first we have to define the various modes of the ship during different
operations and specify which equipment will be in the service in that mode of operation. The
loads for the three different operation modes of Decom Tools Vessel are classified as following:
I.  Loads in the cable removal operation.
II.  Loads in the loading, transportation and offloading of wind turbines.
III.  Loads in the pile extraction, cutting and marine growth removal phase of the project.

Table 5-6 List of Main Equipment and Power Consumption

Load List
List of Equipment Nominal Power (Kw) | Quantity | Overall Power (Kw)

Propulsion System (3 X VSP 36) 11571 1 11571
Bow Thruster 1000 2 2000
Crane 750 tones 1100 2 2200
Crane 30 tones 288 2 576
HPU for Cutting the blades 55 32 1760
HPU for Pile Grippers 100 3 300
HPU for Cutting the cable 15 2 30
HPU for Cable Grippers 15 1 15
Winch Number 1 (362 Kn) 130 1 130
Winch Number 2 (147 Kn) 37 1 37
Ballast Pump 688 10 6880
Mooring Anchor 630 6 3780
Accommodation & Bridge 200 1 200

5.22.1 Loads During Cables Removal Operation

The Decom Tools vessel is able to extract the cable with basic tools. These tools include roller,
two winches, hydraulic clamp and cutting tool. The Decom Tools vessel can move above the
route of the cable in 2 different ways. The first way is by employing positioning anchor winch
(PAW) and the second mode can be using the vessel in DP mode.

The cable extraction/recovery should be conducted by using a winch that must pull the cable

out of the trench. According to one study which made in one of the offshore wind parks in the
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North Sea Region, the maximum forces that need to be exerted to extract the cable without
trenching top of the cable is about 150 kN. In the design of the Decom Tools vessel, the
maximum force that the first winch can pull the cable is about 360 KN which demand
approximately power of 130 KW. In addition, the second winch has the pulling force of 147KN
which consume the power of about 37 KW approximately.

The list of major equipment along with their consumption for cable removal are listed in the
following tables when the vessel is in DP mode as well on the position anchor winches.
According to the Table 5-9 and Table 5-10, the required power on the DP mode for the operation
of cable extraction is three times more than the same operation on the positioning anchors. It
means, if client agree to deploy the anchors for cable extraction, huge amount of energy can be
saved.

In this document, the authors assume that 4 different campaigns for decommissioning of an
offshore wind farm need to be conducted. The first campaign is mobilization of vessel for the
cable removal operation. It means that the vessel should be mobilized with equipment and
personnel for the removal of inter-array and export cable. The load profile in this part of this
document is calculated based on two cases study. In this section, the offshore wind farm by the
name of Hornsea 1 is our case study for disassembly of wind turbine, Transition piece and
monopile removal. For the cable removal, the Anholt offshore wind farm is the case study of
the cable recovery operation.

For the cable removal, five different modes of operations are considered. The modes are as

following:

5.22.1.1 Loads in the Sailing Mode of the Cable Removal Operation

Having considered the size and volume of holds of the Decom Tools vessel, the vessel can
remove all the cables both inter array and export, loads all of them onboard the vessel and then
after entire removal, transport them ashore for further process and recycling.

The most left column of the Table 5-7 illustrates the equipment which are onboard of the vessel.
The second column shows the nominal power for running the equipment at full load and the
last column shows the overall power that need to be in-service since the quantity of the
machines can be more than one. In this phase of the operation, the Decom Tools vessel need to
sail to the OWP just one time, remove whole the cables and return.

The required time of the sailing are shown in the last row which is 0.07 (Day).
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In the last row of the table, the percentage shows (the green cell), how much of the time of
removal of cable recovery is associated to the sailing. Also, the last cell of the last row (the
yellow cell) shows the overall loads during sailing mode.

In this calculation, we assume the average speed of sailing is 7.57 knots. Calling Table 5-5, the
required power for propulsion system at the speed of 7.57 knots is 5785 KW.

This is the output of MAXSUREF software for the Decom Tools vessel.

Table 5-7 The Load Profile for the Sailing Mode for The Cable Removal Operation

Sailing Mode (For the Cable Removal Operation)

In-Service Equipment Nominal Power (kW) | Quantity | Overall Power (kW)
Propulsion System (60%max speed=7.57kn) 11571 0.5 5785.5
Bow Thruster 1000 0 0
Crane 750 tones 1100 0 0
Crane 30 tones 288 0 0
HPU for Cutting the blades 55 0 0
HPU for Grippers 100 0 0
HPU for Cutting the cable 15 0 0
Ballast Pump 688 0 0
Mooring Anchor 630 0 0
Accommodation & Bridge 200 1 200
Overall Loads at 7.57 knot (50% load) 0.04 Days 0.04% 5985.5 KW

5.22.1.2 Loads in the Stand-By Mode of the Cable Removal Operation
The stand-by mode of the Decom Tools vessel during cable extraction of Anholt project is about
42.47 days. Since the vessel is floating and work in the NSR, 35% of operational working time
is considered as stand by modes.
Having considered that in this case study, the cable extraction including stand-by time is 159.16
days. This means during course of operation, the vessel will be faced with bad weather
condition or mechanical breakdown or waiting on client over 42 days. The exact figure will be

presented in the next chapter under the section of Time-Cost Analysis of Anholt OWP Cable

Retrieval with Decom Tools Vessel6.30.

It is evident that during stand-by mode, the vessel can be operated on the anchor. In this case,

just accommodation and the necessary equipment such as bridge instruments, water maker etc.
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will come to the service. The green cell shows the percentage that vessel goes to stand-by mode

and the yellow cell shows the load in this mode of operation.

Table 5-8 Loads in the Stand-By Mode for the Phase of Cable Removal

Stand-By Mode (anchor) (For the Cable Removal Operation)
In-Service Equipment Nominal Power (kW) | Quantity Overall Power (kW)

Propulsion System 11571 0 0
Bow Thruster 1000 0 0
Crane 750 tones 1100 0 0
Crane 30 tones 288 0 0
HPU for Cutting the blades 55 0 0
HPU for Grippers 100 0 0
HPU for Cutting the cable 15 0 0
Ballast Pump 688 0 0
Mooring Anchor 630 0 0
Accommodation & Bridge 200 1 200
Overall Loads 42.47 (Day) 26.68% 200 KW

5.22.1.3 Loads in the Cable Removal Operation on DP Mode and Anchor Positioning
Winch
During removal or extraction of the cable, the Decom Tools vessel can be operated in two different
methods.

[.  The first scenario is to keep the position of the vessel by deploying position anchor winch
(PAW). In this case, minimum 4 anchors need to be deployed. But in this document, we
consider 3 anchors work around the clock. Maintaining the position of the vessel on either
DP or PAW has some advantages and disadvantages as following:

M The first advantage is the fuel consumption is lower than DP mode which results
in less emission.
M The wages of DP officers are higher that anchor operators which result in less
charter rate of the vessel.
The disadvantages are as following:
Xl For deploying anchors, there is demand for anchor handling tug (AHT) and

positioning team.
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X It is not possible to drop the anchor in water depth more than 70m.

Xl In some fields, the field owner (main client or government) does not allow to
deploy the anchors due to existence of subsea asset in the field and the risk of
accident of anchors with existing subsea assets.

%I Anchor running is lengthy operation. Deploying each anchor takes 3 hours
approximately and retrieving them the same. So, the preparation time of the vessel
is lengthy and time consuming.

II.  The second method is to maintain the position of the vessel by dynamic positioning (DP).
In this mode of operation there are some advantages and disadvantages as following:
M The vessel can be operated without anchor handling tug.

The controlling and manoeuvrability of the vessel is more convenient, flexible and quicker.

Regardless of subsea assets and water depth, the vessel can keep the position.

N N~

For the scenario of DP mode, DP officers can tune and set with which loads the propulsion
system should work. This depends on the precision of positioning; the vessel drafts as well
as weather condition. Therefore, the propulsion system does not need to work on 100%
loads all the time. If the environment loads are high, the propulsion systems need to work
on more load to maintain the vessel in the position. In this calculation, we considered that
the propulsion system works in average on 60% of full load. However, we consider both
bow thrusters work on 100% load. The disadvantages of running the vessel on DP are as
following:

The fuel consumption is higher which will result in more emission.

DP officers need to be mobilized which has higher wage.

Important Note: During this calculation, it is considered for recovery of inter array cable, the

vessel operates on DP mode and for recovery of export cable, the vessel run on PAWs.

Thus, the equipment which need to be in-service during cable extraction are listed in the Table
5-9 and Table 5-10.

Table 5-9 shows that the maximum loads during cable extraction if they run the vessel on DP
mode is about 9584 kilowatts. It should be noted that average loads of propulsion system are
considered 60% in average. Recovery of inter array cables, cutting and other preparation takes
about 85.65 days which constitute 53.81% of cable recovery operation of Anholt wind farm.
The explanation regarding the timing is given under section Time-Cost Analysis of Anholt

OWP Cable Retrieval with Decom Tools Vessel.
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Cable Extraction (DP Mode)

In-Service Equipment Nominal Power (kW) Quantity Overall Power (kW)
Propulsion System 11571 0.6 6942.6
Bow Thruster 1000 2 2000
Crane 750 tones (Hoist 30 tones) 1100 0.25 275
Crane 30 tones 288 0 0
HPU for Cutting the blades 55 0 0
HPU for Cable Grippers 15 0 0
HPU for Cutting the cable 15 0 0
Winch Number 1 (362 Kn) 130 1 130
Winch Number 2 (147 Kn) 37 1 37
Ballast Pump 688 0 0
Mooring Anchor 630 0 0
Accommodation & Bridge 200 1 200
Overall Loads 85.65 Days 53.81% 9584.6 KW

Table 5-10 Loads in the Cable Removal Mode (on Position Anchor Winch)

Cable Extraction (Position Anchor Winch)

In-Service Equipment Nominal Power (Kw) Quantity Overall Power (Kw)
Propulsion System 11571 0 0
Bow Thruster 1000 0 0
Crane 750 tones 1100 0.25 275
Crane 30 tones 288 0 0
HPU for Cutting the blades 55 0 0
HPU for Cable Grippers 15 0 0
HPU for Cutting the cable 0 0 0
Winch Number 1 (362 Kn) 130 1 130
Winch Number 2 (147 Kn) 37 1 37
Ballast Pump 688 0 0
Mooring Anchor 630 3 1890
Accommodation & Bridge 200 1 200
Overall Loads 29.03 Days 18.24% 2532 KW
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Table 5-10 shows that that the maximum loads during cable extraction if they run the vessel on
3 numbers of anchor positioning winches is about 2532 kilowatts. It means that the loads of the
vessel on the mooring system is 26% of the loads on the DP mode.

As it stated before, another vessel for running anchor all the time should be in the field. So, the

fuel consumption, the emission and charter rate of AHT should be calculated as well.

5.22.1.4 Loads in the Cutting Operation of the Cable Removal Operation
After extraction of the cable, cable should be suspended by the hydraulic clamp for cutting
operation and so on. In this period, some other equipment should come to the service including
hydraulic clamp, the cutting tools and the second winch.
The consumption of mentioned equipment is not so much. The only difference is under which
operation mode, the cable maintains the position. In other words, when the cutting is cutting,
the vessel run on DP or the PAWs. In this specific case study, the cutting of inter array cables
constitute 0.639% of cutting and cutting of export cable constitute 0.361% which is directly
depends on the cable length. Therefore, loads during cutting is a combination of loads on PAWs
and on DP modes.
The details of cable extraction procedure and sequence are described in the next chapter.
So, in this case, again the propulsion system works on 60% load. The maximum load on this
part of the operation is 9600 Kilowatts based on the Table 5-9 and the minimum load is about
2532 KW according to Table 5-10.

5.22.1.5 Loads in the Offloading Mode of the Cable Removal Operation
After recovery of the inter array and export cable, the vessel needs to sail towards the port for
offloading the cables. The procedure of cable cutting, loading and offloading are mentioned in

under section Cable Extraction Procedure 6.28.

Table 5-11 shows the list of the equipment which need to be in-service during offloading of the
cables. It is considered that the cables are loaded inside the container for easier transportation
and recycling process. The time for offloading each container is considered 15 minutes which
normally in the port, lifting of the container takes within 5 minutes or less.

According to the load profile, it is considered that one of the gantry cranes and the
accommodation works around the clock. In this case the overall, load is 1300 KW. Also,

offloading all the container takes about 1.93 days.
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Table 5-11 Loads in the Cable Removal Mode (Port Mode/Offloading the Cables)

Port Mode (Tie Up to Port)

In-Service Equipment Nominal Power (Kw) Quantity Overall Power (Kw)
Propulsion System 11571 0 0
Bow Thruster 1000 0 0
Crane 750 tones 1100 1 1100
Crane 30 tones 288 0 0
HPU for Cutting the blades 55 0 0
HPU for Cable Grippers 100 0 0
HPU for Cutting the cable 15 0 0
Ballast Pump 688 0 0
Mooring Anchor 630 0 0
Accommodation & Bridge 200 1 200
Overall Loads 1.93 Days 1.21% 1300 KW

5.22.1.6 Load Profile During Cable Extraction Operation
An algorithm has been devised for calculation of load profile based on the in-service equipment
in each sequence of the operation, the equipment consumption and the time that vessel operate
in each sequence. The method and duration of operation are explained under section Time-Cost

Analysis of Anholt OWP Cable Retrieval with Decom Tools Vessel 6.30 . However, the

quantity of loads and load profile are mentioned here in this chapter in order to select the right
Genset for the Decom Tools vessel.

In the Figure 5-73, the vertical axis depicts the consumption in kilowatt. In addition, the value
of consumption in each bar is in the red colour.

Furthermore, the horizontal axis illustrates the various modes of operation during cable
removal. As it shows, the highest consumption will be during cable extraction process, if the
vessel operates on DP. Not only does the maximum power consumption is related to the cable
extraction mode on DP, but also, the cable extraction time is most time-consuming operation.
The yellow number in the chart shows the time that the vessel spends on each process of cable
recovery operation. The rightest bar in the graph shows the duration for offloading the cable
into the port which here is considered 1.93 days for approximately 185 km of inter-array and

export cable.
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Load Profile In Various Modes of Operation During Cable Removal Operation
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Figure 5-73 Load Profile for Cable Removal Operation

Table 5-12 Summary of Load profile During Recovery of Export and Inter-array Cables

Required Power During Cable Extraction of Anholt Offshore Wind Park
List of Modes of Decom Tools Vessel Duration (Day) % Power (kW)
Sailing Mode 0.07 0.045% 5985.5
Stand-By Mode (Anchor) 42.47 26.687% 200
Cable Extraction (DP Mode) 85.65 53.815% 9584.6
Cable Extraction (Position Anchor Winch) 29.03 18.242% 2532
Port Mode (Tie Up to Port) 1.93 1.211% 1300
Estimation of Loads In one Project 159.16 100% | 3920.42 KW Avg.
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5.22.2 Loads During Disassembly of Wind Turbines

Based on the findings of chapter 3, section 3.10.3, Conclusion of Time-Cost-Consumption-

Emission Analysis , the optimum configuration was using a heavy lift vessel along with Decom

Tools vessel (feeder configuration). Duration of each operation and the percentage was
illustrated in the mentioned section. Seven modes of operation are defined for the Decom Tools
Vessel for being as feeder vessel to transport the wind turbine components namely, rotor,
nacelle and tower to the port. The equipment that needs to be in-service in each mode of

operation differ which will result in load profile and ultimately will impact the genset capacity.

5.22.2.1 Loads in the Sailing Mode of the Disassembly of Wind Turbine
The Decom Tools vessel has two different sailing modes during disassembly of wind turbine
components. When the vessel sail between the turbines, the vessel speed cannot exceed 1 knot.
On the other hand, when the vessel sail between port to OWP or vice versa, two different
scenarios for the speed can be considered as following:
I.  When the vessel sail towards the offshore site, it does not load with any cargos, so the
vessel sail at draft of 6 meters.
II. ~ When the vessel is fully loaded and sailing from OWP to port, it is considered that the
vessel sail at the draft of 19.6 meter.

Table 5-13 Equipment and Loads in the Sailing Modes

Sailing Modes (During Disassembly of Wind Turbines)

In-Service Equipment Nominal Power (Kw) | Quantity | Overall Power (Kw)
Propulsion System (60%max speed=7.57kn) 11571 0.5 5785.5
Bow Thruster 1000 0 0
Crane 750 tones 1100 0 0
Crane 30 tones 288 0 0
HPU for Cutting the blades 55 32 1760
HPU for Pile Grippers 100 0 0
HPU for Cable Grippers 15 0 0
HPU for Cutting the cable 15 0 0
Ballast Pump 688 0 0
Mooring Anchor 630 0 0
Accommodation & Bridge 200 1 200
Overall Loads at 7.75 knots (50% load) 4.99 (Days) 3.39% 7745.5 KW
Overall Loads at 1 knot 1.89 (Days) 1% 500 KW
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So, in the calculation, we consider that the average vessel speed is 60% of maximum speed
which is 7.57 knots. Based on Table 5-5, at the speed of 5.75 knots, the required power is 5780
kw. The above scenarios impact the consumption of the vessel remarkably. Therefore, two
different loads are considered for each speed based on the chart of speed versus the engine
power. The list of equipment and the necessary machineries which need to be in-service during
sailing are mentioned in the Table 5-13.

Furthermore, in the sailing mode, neither the cranes nor ballasting pumps are in the operation.
Instead, the Decom Tools vessel are designed to cut the blades into small pieces when the vessel
is under voyage. Therefore, the consumption of cutting tools is calculated in the above
mentioned- table.Table 5-13 shows that the load during sailing mode is about 7745.5 kilowatts.

5.22.2.2 Loads in the Stand-By Mode of the Disassembly of Wind Turbines

Decom Tools vessel goes to the stand-by mode in some cases. Some reasons of stand-by are
mentioned as following:

Due to failure of equipment.

Due to stand-by of the construction vessel.

Due to weather condition.

Waiting on client (WOC)

Lack of job for the vessel and so on.

Table 5-14 Equipment and Loads in the Stand-by Mode
Stand-By Mode (anchor) (During Disassembly of Wind Turbines)
In-Service Equipment Nominal Power (Kw) | Quantity | Overall Power (Kw)

Propulsion System 11571 0 0
Bow Thruster 1000 0 0
Crane 750 tones 1100 0 0
Crane 30 tones 288 0 0
HPU for Cutting the blades 55 0 0
HPU for Pile Grippers 100 0 0
HPU for Cable Grippers 15 0 0
HPU for Cutting the cable 15 0 0
Ballast Pump 688 0 0
Mooring Anchor 630 0 0
Accommodation & Bridge 200 1 200
Overall Loads 39.72 (Days) 27.01% 200 KW
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In this case just accommodation and required equipment to run the accommodation and bridge
instruments need to be in-service. In this case, we consider that the vessel can drop the anchor

in the field or nearby the OWP.
5.22.2.3 Loads in the Operation Modes of the Disassembly of Wind Turbines

Operation modes is considered as the time the vessel is alongside the construction vessel and
relocate the cargos on the deck or load them inside the holds.

Depending on the type of construction vessel, the Decom Tools vessel can maintain the position
alongside the construction vessel by different methods as following:

I.  The most economy way to maintain the position of the cargo vessel is by fastening the
cargo vessel to the construction vessel, See Figure 5-74. In this case, the floating
construction vessel is maintaining the position by using either DP or mooring winch, then
the cargo vessel ties up itself to the construction vessel. This method is so common in the
oil and gas industry. The following figure shows two cargo barges are fastened both to the
port and starboard of the construction vessel. The construction vessel maintained the

position by DP.

Cargo barge loaded with Jacket (2000 tons appx.)

Figure 5-74 Feeder Barges are Fastened to the Construction Vessel
II.  If the construction vessel is jack up vessel, neither the Decom Tools vessel nor any other

vessel can tie up to the jack up. In this case the Decom Tools vessel can either drop the

positioning anchor or use the DP mode. One of the reasons that the DP system is
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incorporated in the Decom Tools vessel is due to the fact that none of the vessels can tie

up to the jack up vessel and more importantly, most of wind turbine installation vessels are

jack up type.

III.  The last method to maintain the position of cargo barge is to deploy the position anchor
winches.

Each of above-mentioned scenarios has some merits and demerits which are explained below.

For the operation mode, the load profile has been calculated for all above scenarios. The

following tables show the load and require equipment in each type of positioning.

So, in this mode, we consider one of the gantry cranes are in-service 18 hours per day or both

of gantry cranes work 9 hours daily. In addition, one of the pedestal provision cranes are in

service 12 hours per day.

Table 5-15 shows the load profile when the Decom Tools vessel are alongside the construction

vessel, and it keeps the position by fastening to the installation vessel. As you can see in the

table, neither the propulsion system nor the position anchor winches are in service. If the

installation vessel is a floating vessel and capable to maintain the position when the Decom

Tools vessel are tied up to it, the maximum loads of Decom Tools vessel with mentioned

assumption is about 1169 kilowatt.

Table 5-15 Equipment and Loads in the Operation Mode (Tie Up to the HLV)

Operation Mode (Tie Up to HLV) (During Disassembly of Wind Turbines)

In-Service Equipment Nominal Power (Kw) | Quantity Overall Power (Kw)
Propulsion System 11571 0 0
Bow Thruster 1000 0 0
Crane 750 tones 1100 0.75 825
Crane 30 tones 288 0.5 144
HPU for Cutting the blades 55 0 0
HPU for Pile Grippers 100 0 0
HPU for Cable Grippers 15 0 0
HPU for Cutting the cable 15 0 0
Ballast Pump 688 0 0
Mooring Anchor 630 0 0
Accommodation & Bridge 200 1 200
Overall Loads 74.89 (Days) 50.92% 1169 KW
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Table 5-16 shows the load profile of the Decom Tools vessel when it maintains the position by
DP system. The loads of DP system heavily depend on the weather condition. In this document,
it is considered for reliable positioning alongside the construction vessel, the propulsion system
needs to be in-service with 60% of its maximum power.

Table 5-16 Equipment and Loads in the Operation Mode (DP)

Operation Mode (DP) (During Disassembly of Wind Turbines)

In-Service Equipment Nominal Power (Kw) | Quantity Overall Power (Kw)
Propulsion System 11571 0.6 6942.6
Bow Thruster 1000 2 2000
Crane 750 tones 1100 0.75 825
Crane 30 tones 288 0.5 144
HPU for Cutting the blades 55 0 0
HPU for Pile Grippers 100 0 0
HPU for Cable Grippers 15 0 0
HPU for Cutting the cable 15 0 0
Ballast Pump 688 0 0
Mooring Anchor 630 0 0
Accommodation & Bridge 200 1 200
Overall Loads 0 (Days) 0.00% 10111.6 KW

According to Table 5-16, if the Decom Tools vessel plan to maintain the position alongside the
construction vessel by its DP system, the required load is about 10111KW.

Table 5-17 shows the load profile of the Decom Tools vessel, when it maintains the position
alongside the construction vessel by position anchor winches.

In the positioning by use of position anchor winch (PAW), we consider 5 numbers of PAW are
deployed but three of the electric motors of the winches works around the clock.

Thus, in this case the overall load profile is about 3059 kilowatts.

In the above section, the loads have been calculated for three different scenarios of keeping the
position of the vessel. Having considered the dimension of Decom Tools vessel, tie up to small-
sized construction vessel may not be possible due to the force that the Decom Tools vessel can
exert to the construction vessel, in particular, when the weather is rough or very rough, however,

it depends on the stability of the construction vessel.
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In this document, it is assumed that the construction vessel is floating DP vessel and the Decom

Tools vessel moored to the construction vessel. The main reason for this selection is reduction

of fuel consumption which lead to lower charter rate of the vessel as vessel” emission.

Table 5-17 Equipment and Loads in the Operation Mode (Position Anchor Winch)

Operation Mode (Position Anchor Winch) (During Disassembly of Wind Turbines)
In-Service Equipment Nominal Power (Kw) Quantity Overall Power (Kw)

Propulsion System 11571 0 0

Bow Thruster 1000 0 0
Crane 750 tones 1100 0.75 825
Crane 30 tones 288 0.5 144
HPU for Cutting the blades 55 0 0

HPU for Pile Grippers 100 0 0

HPU for Cable Grippers 15 0 0
HPU for Cutting the cable 15 0 0
Ballast Pump 688 0 0
Mooring Anchor 630 3 1890
Accommodation & Bridge 200 1 200
Overall Loads 0 (Days) 0 % 3059 KW

As it shows in the above tables, the load of the Decom Tools vessel is 1169 KW, 10111 KW
and 3059 KW when the vessel maintain the position by fastening to the floating construction
vessel, by DP system and by position anchor winches respectively. Therefore, in the fuel
consumption calculation during disassembly of wind turbines, the Decom Tools are moored to
the construction vessel for the sake of fuel consumption, mitigation of mission as well as charter

rate.

5.22.2.4 Loads in the Port Modes for Offloading of the Wind Turbines
After disassembly of wind turbine with construction vessel and loading them into the Decom
Tools vessel, the vessel has sail toward the port or decommissioning yard in order to offload
the materials. In order to offload the materials from Decom Tools vessel into the port, the port
crane or crawler crane need to lift the materials from the Decom Tools deck to the quayside.
Normally the port crane or mobile crane can lift and transfer the cargos that are near the
quayside. In order to increase the time of operation as well increase the safety of lifting

operation, it is considered that one of the gantry cranes work around the clock to transfer the
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materials from holds to the accessible location (top of hatch coves) for the safe lifting of the
port cranes.

Table 5-18 shows the required power when the vessel is fastened to the port for offloading
operation. As it stated before, the time and the percentage in the last row is based on the devised
algorithm. These figure shows the duration and percentage of the vessel in this mode during
decommissioning of Hornsea 1 project. For this mode of operation, it is assumed just

accommodation and one of the gantry cranes are in service or two gantry cranes work 12 hours

daily.
Table 5-18 Equipment and Loads in the Port Mode (Tie Up to the Port)
Port Mode (Tie Up to Port) (During Disassembly of Wind Turbines)
In-Service Equipment Nominal Power (Kw) | Quantity | Overall Power (Kw)

Propulsion System 11571 0 0
Bow Thruster 1000 0 0
Crane 750 tones 1100 1 1100
Crane 30 tones 288 0 0
HPU for Cutting the blades 55 0 0
HPU for Pile Grippers 100 0 0
HPU for Cable Grippers 15 0 0
HPU for Cutting the cable 15 0 0
Ballast Pump 688 0 0
Mooring Anchor 630 0 0
Accommodation & Bridge 200 1 200
Overall Loads 25.59 (Days) 17.4% 1300 KW

5.22.2.5 Load Profile During Disassembly of Wind Turbines
An algorithm has been devised for calculation of load profile based on the in-service equipment,
the equipment consumption and the time that vessel operate in each sequence.
The duration and analysis of different logistic configuration for disassembly of the wind

turbines are explained in the third chapter under section Time-Cost Analysis of Hornsea 1 OWP

Decommissioning with Feeder Configuration (DP2 HLV + Decom Tools Vessel)3.10.2.2.2.

However, the quantity of loads and load profile are mentioned here in this chapter in order to
select the right Genset for the Decom Tools vessel.

Figure 5-75 depicts the load profile during the disassembly of the wind turbine components.
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In the Figure 5-75, the vertical axis depicts the consumption in kilowatt. In addition, the value
of consumption in each bar is in the red colour.

Furthermore, the horizontal axis illustrates the various modes of operation during disassembly
of rotor, nacelle and towers. As it shows, the highest consumption belongs the DP mode,
however, we made decision to fasten the vessel to the floating construction vessel to minimize
the cost, fuel consumption as well as emission.

Yellow values in the chart shows the time that the vessel spends on each mode during loading
and transportation of wind turbines. Therefore, in this analysis, the time that vessel run on DP
or position anchor winches is zero, however, the vessel maintains the position by mooring to

the construction vessel.

Load Profile In Various Modes of Wind Turbine Disassembly
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Figure 5-75 Load Profiles During Disassembly of Wind Turbines

The results of above figure show that in the operation mode, the most economy method is

maintaining the Decom Tools vessel position by fastening the Decom Tools vessel to the
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construction vessel followed by using positioning anchor and lastly by DP system. However,
the fuel consumption and emission are very crucial factors, but the safety, execution of
operation and technical issues need to be considered too. Therefore, in order to select the best
method of positioning the Decom Tools vessel in operation mode, all aspect including safety,
the impact of cargo vessel to the construction vessel, fuel consumption, the CO> emission,
duration of operation and so forth need to be studied well. There is not one answer fit all the
situations. But it is clear that if there is not any technical issue to fasten the Decom Tools vessel
to the construction vessel, there will be huge saving in terms of project cost as well as emission
mitigation. Also, running the vessel on the position anchor winches or DP system need extra
crew which means the charter rate of the vessel will be increased too.

Table 5-19 Summary of Load profile During Disassembly of Wind Turbines

Required Power During Wind Turbine Disassembly

List of Modes of Decom Tools Vessel Duration (Day) % Power (kW)
Sailing Mode at 60% of max speed=7.57Kn 4.99 3.39% 7745.5
Sailing Mode at 1 Knot 1.89 1.29% 500
Stand-By Mode (anchor) 39.72 27.01% 200
Operation Mode (DP) 0 0.00% 10111.6
Operation Mode (Position Anchor Winch) 74.89 50.91% 3059
Operation Mode (Tie Up to HLV) 0 0.00% 1169

Port Mode (Tie Up to Port) 25.59 17.40% 1300

Estimation of Loads In one Project 147.09 100% 3440.72 KW Avg.

5.22.3 Loads During Piles Extraction Operation

The Decom Tools vessel is designed to extract the monopile. The explanation about the pile
extraction is provided in the next chapter, under section_6.18.4. Now in this section, just the list
of equipment that are necessary for pile extraction are mentioned along with their consumption.
The cutting system for pile extraction operation should be a fast-cutting method. So far, the
quickest cutting method for this component is oxy fuel cutting. The other methods are so time
consuming, expensive etc. which are not suitable for Decom Tools vessel. The more offshore
duration means more fuel consumption of the involved fleet and more CO; emission. The
calculated time for various modes of operation during pile extraction is based on the case study.
In general loads and duration of operations are considered for Hornsea 1 offshore wind farm.
The installation of wind turbines is executed with two contractors, Bold Tern jack up vessel

installed 91 turbines and the Sea Challenger installed 83 numbers of wind turbine. The diameter
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of pile is 8.1 meters, and they have average length of 63 meters with maximum weigh of 1039
tones. Having considered that the water depth in the field vary between 20-40 meters, it is

assumed that the length of penetration into the seabed is about 32.5 meters (SAL 2020).

5.22.3.1 Loads in the Sailing Mode of the Pile Extraction Operation
An algorithm has been devised for calculation of the time that the Decom Tools vessel has to
spend in different mode. Then in order to evaluate and verify the algorithm, a case study has
been selected in order to check the precision of algorithm. As it stated before, the case study is
Hornsea 1 project. The wind farm consists of 174 wind turbine which the installation of 91
number of wind turbine has been conducted by Bold Tern vessel and the rest are installed by
Sea Challenger. But in our calculation, we calculate the timing for 91 number of turbine and
substructure.
As it states before, we calculate two sailing time. The first sailing time is the duration the vessel
sail between port and the offshore wind farm. In this case, the distance is 120 km, and the
average speed of the vessel is 60% of the maximum speed of the vessel.
The second sailing time is the time the vessel sails between wind turbines.

Table 5-20 Equipment and Loads in the Sailing Mode

Sailing Mode (During Pile Extraction Operation)

In-Service Equipment Nominal Power (Kw) | Quantity | Overall Power (Kw)
Propulsion System (60%max speed=7.57kn) 11571 0.5 5785.5
Bow Thruster 1000 0 0
Crane 750 tones 1100 0 0
Crane 30 tones 288 0 0
HPU for Cutting the blades 55 0 0
HPU for Grippers 100 0 0
HPU for Cutting the cable 15 0 0
Ballast Pump 688 0 0
Mooring Anchor 630 0 0
Accommodation & Bridge 200 1 200
Overall Loads at 7.75 knots (50% load) 2.85 Days 1.76% 5985.5 KW
Overall Loads at 1 knot 1.89 Days 1.17% 500 KW

We presume that the distance between the wind turbine is 6 times greater that than the rotor

diameter. Having considered that the rotor dimeter of 7 MW Siemens Gamesa Wind turbine is
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154 meters, then the distance between wind turbines is 924 meters. Also, the maximum speed
that the vessel can sail inside the field is considered 1 knot. The Decom Tools vessel can load
and transport 24 number of monopile of Hornsea 1 project which has average length of 63 meter

and diameter of 8.1 meter.

5.22.3.2 Loads in the Stand-By Mode of the Pile Extraction Operation
The duration of stand-by is fraction of duration of working mode of the vessel. It is considered
that 35% of working hours is stand-by time. Having this fact, the duration of stand-by mode

and the load in this mode can be seen in the following table.

Table 5-21 Equipment and Loads in the Stand-By Mode

Stand-By Mode (anchor) (During Pile Extraction Operation)

In-Service Equipment Nominal Power (Kw) | Quantity | Overall Power (Kw)
Propulsion System 11571 0 0
Bow Thruster 1000 0 0
Crane 750 tones 1100 0 0
Crane 30 tones 288 0 0
HPU for Cutting the blades 55 0 0
HPU for Grippers 100 0 0
HPU for Cutting the cable 15 0 0
Ballast Pump 688 0 0
Mooring Anchor 630 0 0
Accommodation & Bridge 200 1 200
Overall Loads 43.71 (Days) 27.01% 200

5.22.3.3 Loads During Positioning Around Pile
Prior to extraction of monopiles, the Decom Tools vessel has to be positioned around monopile.
In this stage, the DP system has to be in-service with the highest precision. Therefore, in this
stage, it is considered that propulsion system along with the bow thrusters are in-service with
100% load.
Table 5-22 shows the loads in this mode along with timing and percentage. As it shows, the
overall load in this mode is about 14071 KW. The vessel spends about 7.58 days for extraction

of 91 numbers of monopile which constitute about 4.6% of overall extraction operation.
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Table 5-22 Equipment and Load During Positioning Around Monopile

Positioning Around Monopile (During Pile Extraction Operation)

In-Service Equipment Nominal Power (Kw) | Quantity | Overall Power (Kw)
Propulsion System 11571 1 11571
Bow Thruster 1000 2 2000
Crane 750 tones 1100 0 0
Crane 30 tones 288 0 0
HPU for Cutting the blades 55 0 0
HPU for Grippers 100 3 300
HPU for Cutting the cable 15 0 0
Ballast Pump 688 0 0
Mooring Anchor 630 0 0
Accommodation & Bridge 200 1 200
Overall Loads 7.58 (Days) 4.6% 14071 KW

5.22.3.4 Loads in the Pile Extraction Operation of the Pile Extraction

During pile extraction operation, the DP should be deactivated and just bow thrusters should

come to the service in order to maintain the heading of the vessel since the positioning of the

vessel are maintained by grippers and monopile.

Table 5-23 Equipment and Loads During Pile Extraction Mode

Pile Extraction

In-Service Equipment Nominal Power (Kw) | Quantity | Overall Power (Kw)
Propulsion System 11571 0 0
Bow Thruster 1000 2 2000
Crane 750 tones 1100 0 0
Crane 30 tones 288 0 0
HPU for Cutting the blades 55 0 0
HPU for Grippers 100 3 300
HPU for Cutting the cable 15 0 0
Ballast Pump 688 10 6880
Mooring Anchor 630 0 0
Accommodation & Bridge 200 1 200
Overall Loads 69.78 (Days) 43.12% 9380 KW
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One of the most energy demanding equipment which need to come to the service for the pile
extraction are ballast pumps. 10 numbers of ballast pumps which each has consumption of 688
KW are considered for this vessel. During pile extraction operation, all the pumps need to run
in order to ballast and deballast the vessel. The explanation of how the Decom Tools vessel can

extract the monopile are described in the next chapter under section Design of Pile Extraction

System of the Decom Tools Vessel6.18.4.

Table 5-23 shows the loads in this mode along with timing and percentage. As it shows, the
overall load in this mode is about 9380 KW. The vessel spends about 69.78 days for extraction

of 91 numbers of monopile which constitute about 43.12% of overall extraction operation.

5.22.3.5 Loads During Cutting the Monopile of the Pile Extraction
The detail explanation regarding the pile extraction is described in the next chapter. Here we
just briefly explaining the operation in order to identify which equipment need to be in-service
for calculating the loads for genset selection.

Table 5-24 Equipment and Loads During Cutting the Monopiles

Cutting the Monopile After the Extraction

In-Service Equipment Nominal Power (Kw) Quantity Overall Power (Kw)
Propulsion System 11571 0 0
Bow Thruster 1000 2 2000
Crane 750 tones 1100 2 2200
Crane 30 tones 288 0 0
HPU for Cutting the blades 55 0 0
HPU for Grippers 100 3 300
HPU for Cutting the cable 15 0 0
Ballast Pump 688 0 0
Mooring Anchor 630 0 0
Accommodation & Bridge 200 1 200
Overall Loads 30.33 (Days) 18.74% 4700 KW

After extraction of the monopiles, both gantry cranes need to hold the monopile before the
grippers become open. Then, after lifting the monopile with gantry cranes, the cutting can take
place. The monopile need to be cut into length of 12 meters. Thus, to hold and transfer the cut

piece, gantry cranes need to be in-service. The loads and equipment which need to be in-service
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during this operation are listed in the Table 5-24. As it illustrates, the load in this part of

operation is about 4700 kilowatts.

5.22.3.6 Loads During Offloading the Monopiles to the Port
After extraction of the monopiles, they have to be transported to the port for further recycling
process. During offloading operation, it is estimated that one of the gantry cranes work around
the clock to lift the monopile from holds to top of the hatch covers and to load them in a location
to be accessible for the shore-based crane for offloading them. Therefore, in this part of
operation only one of the gantry cranes as well as accommodation along with bridge equipment
need to be in operation. It is calculated for offloading 91 numbers of monopile with length of
65 meters, approximately 5.69 days is needed which account 3.5% of pile extraction operation.

Table 5-25 Equipment and Loads During Offloading The Monopiles

Port Mode (Tie Up to Port) (During Pile Extraction Operation)

In-Service Equipment Nominal Power (Kw)  Quantity Overall Power (Kw)
Propulsion System 11571 0 0
Bow Thruster 1000 0 0
Crane 750 tones 1100 1 1100
Crane 30 tones 288 0 0
HPU for Cutting the blades 55 0 0
HPU for Grippers 100 0 0
HPU for Cutting the cable 15 0 0
Ballast Pump 688 0 0
Mooring Anchor 630 0 0
Accommodation & Bridge 200 1 200
Overall Loads 5.69 (Days) 3.5% 1300 KW

5.22.3.7 Load Profile During Disassembly of Wind Turbines
Figure 5-76 depicts the load profile during extraction of 91 numbers of monopile of Hornsea 1
OWP. In this figure, the vertical axis depicts the consumption in kilowatt. Furthermore, the
horizontal axis illustrates the various modes of operation during pile extraction. As it shows,
the highest consumption belongs to the positioning around monopile which takes 7.58 days.
Extraction operation is the most time-consuming operation which takes about 69.78 days.

Yellow values in the chart shows the time that the vessel spends on each mode.
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Load Profile In Various Modes of Pile Extraction
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Figure 5-76 Load Profiles During Pile Extraction
Table 5-26 Summary of Load profile During Pile Extraction
Required Power During Pile Extraction
List of Modes of Decom Tools Vessel Duration (Day) % Power (kW)
Sailing Mode at 7.57 Knots 2.85 1.76% 5985.5
Sailing Mode at 1 Knot 1.89 1.17% 500
Stand-By Mode (anchor) 43.71 27.01% 200
Positioning Around Monopile 7.58 4.69% 14071
Pile Extraction 69.78 43.12% 9380
Cutting the Monopile 30.33 18.74% 4700
Port Mode (Tie Up to Port) 5.69 3.51% 1300
Estimation of Loads In one Project | 161.84 days 100.0% | 5162.36 KW Avg.
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5.22.4 Loads During Transition Piece Removal

Cutting and removal of transition pieces has to be made in separate campaign regardless of the
vessel that is planned to decommission the OWP. So, under any circumstances this component
should be cut above the top of the monopiles.

The Decom Tools vessel is designed to cut and transport the transition pieces (TP) in a
sustainable method. In our analysis, it is supposed that the first piece of cutting take place above
the monopiles’ level. As it stated above, the cutting method is oxy fuel cutting since it is quick
and reliable. The various modes of operation for the Decom Tools vessel are considered for TP
removal which each mode required specific power. The detail explanation about removal of
transition pieces is explained under section Procedure of Transition Piece Removal with Decom

Tools Vessel, 6.17.4.

5.22.4.1 Loads in the Sailing Mode of TP Removal
The selected case study includes 91 numbers 7 MW wind turbine with pile diameter of 8.1
meter and they are located approximately 120 km from shore. 56 pieces of top section of TP
can be loaded on the Decom Tools Vessel. As it explained before, the vessel is considered to
sail with 60% of maximum speed in average between the offshore wind park and the port which
is 7.57 knots. Also, inside the wind turbines, it sails with speed of 1 knot. Table 5-27 shows the
loads in these two speeds along with their duration.

Table 5-27 Equipment and Load in the Sailing mode of TP Removal

Sailing Mode (During Removal of Transition Pieces)

In-Service Equipment Nominal Power (Kw) Number  Overall Power (Kw)
Propulsion System (60%Max speed=7.57kn) 11571 0.5 5785.5
Bow Thruster 1000 0 0
Crane 750 tones 1100 0 0
Crane 30 tones 288 0 0
HPU for Cutting the blades 55 0 0
HPU for Grippers 100 0 0
HPU for Cutting the cable 15 0 0
Ballast Pump 688 0 0
Mooring Anchor 630 0 0
Accommodation & Bridge 200 1 200
Overall Loads at 7.75 knots (50% load) 1.43 days 3.99% 5985.5 KW
Overall Loads at 1 knot 1.89 days 5.30% 500 KW
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5.22.4.2 Loads in the Stand-By Mode of TP Removal

The loads in the stand-by mode, in any kind of operation are the same. The only difference is
duration of the stand-by mode since it is fraction of operation time. Since the Decom Tools
vessel is floating vessel and has high freeboard, it is considered that 35% of operation time is
stand-by mode due to bad weather condition and 2% is stand-by mode due to waiting on clients
and mechanical breakdown. The duration of stand-by mode during TP removal based on

calculation is about 9.65 days.

Table 5-28 Equipment and Load in the Stand-By mode of TP Removal

Stand-By Mode (Anchor) (During Pile Extraction Operation)

In-Service Equipment Nominal Power (Kw) | Quantity Overall Power (Kw)
Propulsion System 11571 0 0
Bow Thruster 1000 0 0
Crane 750 tones 1100 0 0
Crane 30 tones 288 0 0
HPU for Cutting the blades 55 0 0
HPU for Grippers 100 0 0
HPU for Cutting the cable 15 0 0
Ballast Pump 688 0 0
Mooring Anchor 630 0 0
Accommodation & Bridge 200 1 200
Overall Loads 9.65 days 27.01% 200 KW

5.22.4.3 Loads in the Positioning Mode of TP Removal
In order to hold the transition pieces with the grippers, the vessel require precise positioning. It
is considered that the propulsion system along with bow thrusters are in-service with full load.
Also, the pile grippers should be in service in order to hold the transition pieces. Table 5-29
shows the list of in-service equipment along with their consumption.
The last row of the tables shows removal of 91 transition pieces takes about 7.58 days which
constitute about 21.2% of overall TP removal operations. The maximum load on the Genset

on this mode of operation is about 14071 kilowatts.
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Table 5-29 Equipment and Loads in the Positioning Mode of TP Removal

Positioning Around TP

In-Service Equipment Nominal Power (Kw) | Quantity Overall Power (Kw)
Propulsion System 11571 1 11571
Bow Thruster 1000 2 2000
Crane 750 tones 1100 0 0
Crane 30 tones 288 0 0
HPU for Cutting the blades 55 0 0
HPU for Grippers 100 3 300
HPU for Cutting the cable 15 0 0
Ballast Pump 688 0 0
Mooring Anchor 630 0 0
Accommodation & Bridge 200 1 200
Overall Loads 7.58 Days 21.2% 14071 KW

5.22.4.4 Loads in the Cutting Mode of TP Removal

As it stated above, the TP need to be cut above the monopile. The TP of this wind farm has

dimeter of 6.21 meters.

Table 5-30 Equipment and Loads in the Cutting Mode of TP Removal

Cutting the Transition Pieces

In-Service Equipment Nominal Power (Kw) | Quantity Overall Power (Kw)

Propulsion System 11571 0 0

Bow Thruster 1000 2 2000
Crane 750 tones 1100 2 2200
Crane 30 tones 288 0 0

HPU for Cutting the blades 55 0 0

HPU for Grippers 100 3 300
HPU for Cutting the cable 15 0 0
Ballast Pump 688 0 0
Mooring Anchor 630 0 0
Accommodation & Bridge 200 1 200
Overall Loads 9.48 (Days) 26.5% 4700 KW
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Cutting of TP with diameter of 6.21 meter is assumed takes 2.5 hours. The required loads and
the time of cutting is mentioned in the Table 5-30. The loads in this mode of operation is 4700
KWw.
5.22.4.5 Loads in the Offloading Mode of TP Removal
After cutting of the TP, they need to be transported to the port for further recycling. The time
that the TP need to be transferred from vessel to the quayside is listed in the following Table
5-31.
Table 5-31 Equipment and Loads in the Offloading Mode of TP Removal

Port Mode (Tie Up to Port) During removal of TP

In-Service Equipment Nominal Power (Kw) | Quantity Overall Power (Kw)
Propulsion System 11571 0 0
Bow Thruster 1000 0 0
Crane 750 tones 1100 1 1100
Crane 30 tones 288 0 0
HPU for Cutting the blades 55 0 0
HPU for Grippers 100 0 0
HPU for Cutting the cable 15 0 0
Ballast Pump 688 0 0
Mooring Anchor 630 0 0
Accommodation & Bridge 200 1 200
Overall Loads 25.59 days 17.40% 1300 kW

5.22.4.6 Load Profile During Disassembly of Wind Turbines
Table 5-32 and Figure 5-77 depicts the load profile during extraction of 91 numbers of transition
pieces of Hornsea 1 OWP. In this figure, the vertical axis depicts the consumption in kilowatt.
Furthermore, the horizontal axis illustrates the various modes of operation during transition
pieces removal. As it shows, the highest consumption belongs to the positioning around
transition pieces which takes 7.58 days. Stand by mode is the most time-consuming mode which
takes about 9.65 days. Yellow values in the chart shows the time that the vessel spends on each
mode. The average loads on the genset during the course of transition piece removal is about

4460kilowatts.
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Table 5-32 Summary of Load profile During TP Removal

Required Power During Transition Piece Removal

List of Modes of Decom Tools Vessel Duration (Day) % Power (kW)
Sailing Mode at 7.57 Knot 1.43 3.99% 5985.5
Sailing Mode at 1 Knot 1.89 5.30% 500
Stand-By Mode (anchor) 9.65 27.01% 200
Positioning Around TP (DP 100%) 7.58 21.23% 14071
Cutting the TP 9.48 26.54% 4700
Port Mode (Tie Up to Port) 5.69 15.93% 1300
Estimation of Loads In one Project 35.71 100.0% 4459.42 KW

Load Profile In Various Modes of Transition Pieces Removal
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Figure 5-77 Load Profiles During Transition Piece Removal
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5.22.5 Overall Load Profile During Decommissioning of an Offshore Wind Park
Table 5-33 shows the different modes of operation of the Decom Tools vessel in various modes
and phases of operations. The overall time of decommissioning of this wind parks takes about
508.65 days.
The lowest portion of the project associate to the infield transit with the speed of 1 knot which
constitute 1.13% of entire decommissioning.
The consumption of the vessel during operation on DP is the highest which is about 14071
kilowatts. But the vessel spend time on this mode about 3% on the entire project.
These results are achieved based on the algorithm which has been developed. The results are
for decommissioning of 91 numbers of wind turbines, transition pieces and monopiles of
Hornsea 1 offshore wind farm plus recovery of the infield and export cables of Anholt offshore
wind farms.
According to Table 5-33 the overall time of decommissioning of above cables and structures
takes about 508.65 if the same proposed method and assumptions applied.

Table 5-33 Overall Load Profile During Decommissioning of one Offshore Wind Farm

Overall Load Profile During Decommissioning of one Offshore Wind Farm
List of Modes of Decom Tools Vessel Duration (Day) % Power (kW)
Sailing Mode (60%max speed=7.57Kn) 9.34 1.84% 5985.5
Sailing Mode at 1 Knot 5.68 1.12% 500
Stand-By Mode (anchor) 136.47 26.83% 200
Operation Mode (DP) 15.17 2.98% 14071
Operation Mode (Position Anchor Winch) 31.43 6.18% 4949
Operation Mode (Tie up to HLV) 74.89 14.72% 1169
Cutting TP & MP 39.81 7.83% 4700
Pile Extraction, Cable Extraction/Cutting 155.44 30.56% 9547
Port Mode (Tie Up to Port) 40.43 7.95% 1300
Overall Duration and Load Profile 508.65 100.00%

The load profile for various modes of operation is calculated precisely in order to select the
right engines and size the batteries properly.
Figure 5-78 shows that the lowest demand of power is when the vessel is in the stand-by

position. Also, the highest demand of power is when the vessel is on the DP mode for
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positioning around TP and MP. The blue value above the bar of the Figure 5-78 shows the
duration that vessel needs those specific loads.

The engine consumption and emissions also strongly depend on the engine loads. Specific
emissions are normally higher at low engine loads. This is particularly evident for unburned
methane (CHa4) emissions. CHs is a very strong greenhouse gas (GHG) (at least 25 times more
potent than CO»). Moreover, a diesel engine (using either heavy fuel oil or low sulphur diesel)
is expected to have significant particulate matter (PM) emissions, especially at low loads. The
battery system is used to reduce emissions by allowing the engines to run at optimized loads

with respect to emissions.

Load Profile During Decommissioning of an Offshore Wind Park
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Figure 5-78 Load Profile During Decommissioning of an Offshore Wind Park

All in all, the above proves that selection of right engine can have significant impact on the
efficiency of the vessel and the emission. Not only does the engine selection have profound
impact, but also the right battery sizing can improve the efficiency of the vessel and reduce the

emission considerably.
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5.23 Engine Selection

After calculation of the required power for propulsion system and calculation of load profile of
the Decom Tools vessel for various modes of operation engines can be selected. In selection of
engine a couple of factors are considered as following:

e The emission should fulfil the latest emission regulation which set by IMO.

e The power should be sufficient based on the defined criteria and calculated resistance
at full load condition.

e @Given the fact that the electrical propulsion system is selected for this vessel, then the
vessel should have a couple of engines equipped with generator sets to produce the
electricity in order to be distributed to the loads. Obviously, one of the most important
loads of the vessel is propellers and propulsion system.

e Having considered that the vessel equipped with batteries, shaft generator is required
to charge the batteries when full loads are not exerted to the engines for example during
in-field transit when the vessel has to sail with one knot (1 Kn) speed or in stand-by
mode etc.

e In the feeder configuration, when the construction vessel is jack up vessel, the Decom
Tools vessel cannot tie up to the jack up. It has to keep the position either via mooring
system (dropping anchors to the seabed) or via DP. DP system is providing more
flexibility and manoeuvrability to the Decom Tools Vessel (DP2 suffice the demand of
a cargo vessel). In the case of DP, the vessel has to have reliability>* and redundancy.
Many research including Failure Mode Effects Analysis (FEMS)>* has been conducted
for the redundancy and reliability of DP vessels. To fulfil the redundancy and reliability
level, 4 numbers of engines are considered for the Decom Tools Vessel. All are located
in one room since class 2 DP rules allow all generators to be located in a single space
(Germanischer Lloyd SE 2013).

e The engines should suffice the lowest demand of load, such as stand-by mode and
suffice highest amount of load such as sailing mode.

e The engine should be dual fuelled powered, both LNG and MGO.

53 The ability of a component or system to perform its required function without failure during a specified period
of time. (Germanischer Lloyd SE 2013)

54 A failure mode and effect analysis (FMEA) concerning availability of the DP system after a single failure shall
be provided for the class notations DP 2 and DP 3 for the desired DP 2 or DP 3 power plant configuration.
(Germanischer Lloyd SE 2013)
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Having considered above, the engines are selected based on consultation with Wartsild
specialist. After holding a couple of meetings and hours of discussion with the Wiértsila
specialist, the following engines are selected for this vessel.

I. 2 numbers of Wirtsild 12V34DF

II. 2 numbers of Wirtsild 6L34DF
These Wirtsild engines are designed for continuous operation on fuel gas (natural gas) or
Marine Diesel Fuel (MDF). It is also possible to operate the engine on Heavy Fuel Oil (HFO).
However, our aim is to run the engine just on LNG and MDF. The 12V34DF engine has
maximum output of 6000 kW at frequency of 50 hertz and at rpm of 750. Nevertheless, the
output of generator in the frequency of 50 hertz and rpm of 750 is 5770 kW. This 230kW
reduction is due to dissipation of energy during conversion from mechanical energy to electrical
energy (Generator output based on a generator efficiency of 96%.).
The 6V34DF engine has maximum output of 3000 kW at frequency of 50 hertz and at rpm of
750. Nevertheless, the output of generator in the frequency of 50 hertz and rpm of 750 is
2890kW.
In overall, the maximum output of the electricity will be 17320 kW.
From an emission perspective, the Wirtsild 34DF engines are Tier 2 compliant in diesel mode
and Tier 3 compliant in gas mode. The engine operates efficiently and economically on low
sulphur fuels (< 0.1 S) making it suitable for operation in emission-controlled areas (ECA)
(Wirtsila 2020).
Table 5-34 shows the maximum output of engines and generators.
In any modes of operation, the engines can be set to work on optimum load (between 80-90%
depending on manufacturer specification), then the extra generated electricity can be saved in
the batteries for other consumers. It should be noted that all loads will not be in the circuit at
the same time as explained in the load profile tables. So, in this situation, the extra produced
energy can charge the batteries. Thus, the battery can feed the accommodation and some of the
machineries such as pumps, water maker, fuel purifier, fuel pumps, lighting etc.
The specification of the selected engine is extracted from the website of manufacturer. The
normal frequency onboard the vessels is 50 hertz, however, many of the equipment can work
either with 50 or 60 hertz. But in this document, the frequency of 50 hertz is selected.
Size of engines are shown in the Figure 5-79 and Figure 5-80. The size of engines and genset
are important because the suitable engine room(s) need to be considered for the vessel. Figure
5-79 and Figure 5-80 shows the dimension of 12V34DF engine. For the other engines, please

refer to the website of Wirtsila.
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iiteirrey
North Sea Region
Decom Tools Vessel Design S n o

pmentFund  EUROPEAN UNION

Generating Set @ 720 RPM Generating Set @ 750 RPM
Engine Model | Quantity 60 Hertz 50 Hertz
Engine (KW) | Generator (KW) | Engine (KW) | Generator(KW)
Wartsild 6L34DF 2 2880 2770 3000 2890
Wartsild 2 5760 5530 6000 5770
12V34DF
Overall Production of Electricity@ 750 RPM /50 HZ 18000 kW 17320kW

3

Generator

2465

541 541

Installed ~ 1530{

Figure 5-80 Plan of The Engine and Generator

Table 5-35 shows the weight of engines, the support structures plus the required oil. The weight
of engines is crucial since it impacts the overall stability of the vessel. So, this weight is
considered during stability analysis. Furthermore, the size of engines identifies how big the
engine room should be. The weight of engines’ components also impacts the installation of

hoist and overhead cranes inside the engine rooms.
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Table 5-35 Components and Weight of Wirtsild 12V34DF Engine and Generator (Wirtsild n.d.)

Weigh of all Engines and Generators of Decom Tools Vessel
Weight (KG) Weight (KG) Remark
Sr. Components of Genset

12V34DF 6L34DF
1 Engine with Liquid 62100 35400
2 Common base frame 22600 18300
3 Alternator ABB 22000 13000
4 Coupling and Flywheel 6400 5000

369600 kg = 369tons
Total Weight of Engines & Genset 113100 kg 71700 kg
(total weight of engines)

Figure 5-81 Perspective View of Wirtsild 6L.34DF

Figure 5-82 Perspective View of Wirtsild 12L34DF
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Table 5-36 shows the duration, consumption and emission of the Decom Tools vessel during
decommissioning of 91 turbines of Hornsea 1 wind farm and all cables of Anholt wind farm.
It is calculated entire removal of all the turbines, foundations and cables take 508.65 days. The

duration calculation has been carried out under chapter 3, section Time-Cost-Consumption-

Emission Comparison of Various Logistic Configurations for Decommissioning of Hornsea 1

OWP.

Also the time calculation for removal of TPs, MPs and cables can be found in the chapter 6,

sections Time-Cost Analysis of Transition Piece Removal with Decom Tools Vessel, Time-

Cost Analysis of Pile Extraction with Decom Tools Vessel and Time-Cost-Consumption-

Emission Analysis of Case Study for Cable Retrieval .

Table 5-36 shows the fuel consumption and emission of the Decom Tools vessel with
considering the impact of Flettner rotors, the batteries and solar system for decommissioning
of 91 numbers of wind turbines, transition pieces and monopiles of Hornsea 1 wind farm and
infield and export cables of Anholt wind farm.

As you can see the above table, the required load on engines in different modes of operation
are identified. Then the LNG and MGO consumption for each mode of operations are
calculated. Finally, according to the Table 4-4 the emission is calculated.

It should be noted in this calculation, it is assumed that the Decom Tools vessel maintain its
position during disassembly of wind turbines by fastening itself to the heavy lift vessel. During
recovery of export cable, it maintains the position via position anchor winches. During removal

of inter array cables, transition pieces and monopiles, the position maintained by the DP system
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Table 5-36 Fuel Consumption and Emission for Decommissioning of Hornsea 1

List of Modes of Decom Tools Vessel Duration (Day) | Power (kW) | LNG Consumption (T) | MGO Consumption (T) Emission (T)
Sailing Mode (60%max speed=7.57Kn) 9.34 5985 23.8982 0.42852 67.09388512
Sailing Mode at 1 Knot 5.68 500 2.1951 0.098579 6.352569274
Stand-By Mode (anchor) 136.47 200 1.167289 0.082145 3.47340162
Operation Mode (DP) 15.17 14071 54.9199 0.788028 153.5561428
Operation Mode (Position Anchor Winch) 31.43 3059 13.4298 0.286322 37.84989833
Operation Mode (Tie up to HLV) 74.89 1169 5.1322 0.10941 14.46431846
Cutting TP & MP 39.81 4700 18.0448 0.258688 50.45255373
Pile Extraction, Cable Extraction/Cutting 155.44 9547 36.41818 0.517293 101.8084364
Port Mode (Tie Up to Port) 40.43 1300 5.698557 0.147466 16.14380775

Overall Duration, Consumption & Emission 508.650 4503.444 8643.916 141.585 24224.689
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5.24 Batteries and Batteries Sizing

For ship types that experience large load variations during operation such as Decom Tools
Vessel, the introduction of batteries may allow the engines to operate optimally with respect to
fuel oil consumption and/or emissions. This can be achieved by selecting engine sizes that
operate at optimal loads for most of the time, with additional power obtained from the batteries
when required. When power requirements are low, the batteries can be charged using the excess
energy generated by running the engine at the optimal load.

Under conceptual design phase of this study, seven numbers of batteries are engineered for this
vessel. Each propeller needs one separate battery in order to increase the system reliability and
avoid using one big battery onboard ship (three batteries for VSP and 2 batteries for bow
thrusters). In addition, a battery is needed for major machineries likes crane and the other one
just for accommodation. These seven batteries will be located in two different battery rooms.
The battery sizing and relevant analysis will be attached as an appendix to this document in due

course.

5.25 Battery Rooms, Engine Rooms, Winch Room and Propulsion Room

In the design of battery room, some consideration should be considered. For example,
ventilation should be considered a measure to limit the formation of potentially explosive
atmospheres in the battery space in the event of a serious fault condition (DNV.GL 2016). In
addition, the class rules states that the battery space cannot be placed forward of the forward
collision bulkhead (DNV.GL 2016). There are some other measures which need to be
considered in the design of the battery rooms which are out of scope of this research. As it
stated before, 7 batteries will be installed in two battery rooms onboard Decom Tools vessel.
One of the battery rooms is below the accommodation, on top of the engine room. The other
battery room is above propulsion room on the aft of the vessel to feed the VSPs.

Engine room is located on the forward of the vessel below the accommodation. Also, the MGO
and LNG tanks need to be in vicinity of the engine rooms. Figure 5-83 and Figure 5-84 show
the location of propulsion room, battery rooms, LNG tank and control room (CR).

CR room in the following figure in the aft of the vessel shows the control room for the running
of the blade seafastening. Having considered that seafastening of blade as well as cutting
mechanism need operator, a room for the operator in the aft of the vessel is devised in order to
have a view to both sections of hold number 2. In addition, during cutting of the blades, dust is
produced which compel the operator to wear special PPE. By designing this control room, the

operators are not expose to the space (hold) that cutting are conducted.
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Figure 5-83 Engine room, Propulsion Room and Battery Room

Figure 5-84 Engine room, Propulsion Room and Battery Room

In addition, every mooring winch need a hydraulic pumps and reel. Having considered that two
mooring winches are devised at the aft of this vessel, the room for above-mentioned equipment

is also considered in the aft.

5.26 Life-Saving Appliances (LSA)

Two lifeboats have been designed for this vessel in the forward portside and starboard side.
Each of the lifeboat has a capacity of 100 person. The maximum personnel onboard (POB) of
this vessel are 90 persons which in this design lifeboat for 200 persons are considered. In some
special cases like mobilization or sea trial of the vessel (or in case of short-term visitors), more
personnel than maximum POB get onboard the vessel. In this case, the shortage of LSA impede
joining of necessary personnel. By overdesigning of lifeboat from 90 to 100 person we can
ascertain that from a safety perspective, 100 personnel can be joined for a short period of time.

The following figure shows the lifeboats of the Decom Tools vessel.
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Figure 5-85 Perspective and Front (Bow) View of Lifeboats

5.27 Pile Extraction and Marine Growth Removal System

One of the functions of the Decom Tools vessel is pile extraction. In the next chapter, it is
proved that pile extraction is possible by exploiting the potential of the floating vessel. The
detail of pile extraction procedure is explained in the next chapter.

Moreover, the vessel is equipped with an automatic marine growth removal system. Again, the
procedure how to remove the marine growth and fouling of the monopile and transition pieces
are described in the next chapter. It should be noted that in this drawing the marine growth
removal system and hydraulic pile grippers are designed for the pile with 10 meters diameter.
Figure 5-87 shows the dimension of the pile grippes, the arrangement of the gripper and marine
growth removal system.

However, the entire removal of marine growth cannot be achieved by using automatic marine
growth removal system, but considerable area can be removed which pave the way for the entire
removal on the deck. Therefore, manual removal of marine growth onboard the vessel deck is
proposed.

All of the following drawings just demonstrate conceptual design. It means that the exact size,
thickness, material, hydraulic power system and in general specification of these two devices

are not designed.
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| Marine Growth Removal tool |

Academic Version
Figure 5-87 Details of Stern of the Decom Tools Vessel (Pile Gripper and MGR System)
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5.28 Equipment on the Bow of the Vessel

Some of the equipment which are designed in the forward (bow) of the vessel are shown in the

following figures. It includes mooring winches, bollards, the accommodation door.

1 L
/1 mooring Bollard
A
i

/

Z
F

F,
Fs

Figure 5-88 Details of Bow of the Decom Tools Vessel

In addition to above-mentioned items, the lifeboats, bridge, bridge equipment such as radar,
VSAT, telecommunication instruments, barometer, anemometer, GPS and DGPS antenna, the
HVAC of the accommodation, the funnel of engine rooms and so forth are located in the

forward of the vessel on the top of the accommodation or on the monkey island.

Funnel

Bridge

Figure 5-89 Details of Bow of the Decom Tools Vessel

The aim of this document is not illustration of this instruments since they are common

equipment onboard vast majorities of the vessels. However, some of the equipment are needed
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for the DP vessel such as DGPS. The following figure shows some of mentioned equipment in

the bow and accommodation of the vessel.

5.29 Hatch Cover and Hatch Cover Opening

As it stated before, the holds have hatch covers. The hatch covers are located on the top of
holds. Besides, to segregate the height inside the holds number 2 and to place more cargos, the
panels are designed to be placed inside the hold number 2 as tween deck.

The overall height of hatch cover plus hatch coaming is 2.1 meter. Figure 5-91 shows that the
height of hatch coaming is 1.5 meter. Therefore, the hatch cover has heigh of 60 cm. The hatch
cover from a structural perspective is not designed since it is not in the scope of this research.
But it should withstand at least 16 tonnes per square meter.

In order to lift the hatch covers, we proposed a four-point adjustable lifting beam (Figure 5-93).
This tool is widely used onboard the cargo vessel across the world. Evidently, for the lifting of
the hatch covers, this lifting beam should be rigged to the gantry cranes according to the

following figures.

1.5m
ﬁ Hatch Coaming

Figure 5-91 Hatch Coaming
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Rigging Hatch Cover Lifting Tool
i

Figure 5-92 Procedure to open the Hatch Cover-Step I Rigging Lifting Tool

In order to lift the hatch covers, Figure 5-93 shows the suitable tool which is four-point

adjustable lifting beam.

Lifting Hatch Cover

g &

Figure 5-94 Procedure to open the Hatch Cover-Step 2 Lifting Hatch Cover

Figure 5-95, Figure 5-96 and Figure 5-97 shows the procedure of opening hatch covers. Also,

it shows where the hatch covers need to be marshalled.
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Marshaling Hatch Covers on the Proposed location

Figure 5-95 Procedure to open the Hatch Cover-Step 3 Placing Hatch Cover on the Proposed
Location

Figure 5-96 Procedure to open the Hatch Cover-Step 4 Access Provided to the Hold

Hatch Covers are Removed-Access to hold is provided

I
Ml

I

Il

Figure 5-97 Procedure to open the Hatch Cover-Step 5 Access Provided to the Hold Entirely

Figure 5-97 shows the location where the hatch covers can be stored and marshalled.
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Figure 5-98 Bird's-eye view of the Vessel after Opening the Hatch covers
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6 Offshore Operation Manual of Decom Tools Vessel
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6.1 Crucial Factors in Disassembly of Offshore Wind Parks

In order to reduce the cost of decommissioning and mitigate the CO, emission resulting from
decommissioning, a couple of measures can be taken to reach the Decom Tools targets. One of
them is optimization of the marine operations. Marine operations consist of disassembly and lifting
as well as transportation of components from offshore wind park to the port or decommissioning
yard. The optimization of disassembly and lifting operation can be accomplished by following
actions:

6.2 Project and Operation Management

In general, management and engineering of the project affect the duration, cost and CO» emission
of operation. Some of the conspicuous decision that can be made by management team are as
below:

e Proper planning such as execution of offshore operation in summer when the
weather is more workable®.

e Preparing the site before mobilization of construction vessel or other expensive
fleet. This stage is called pre-decommissioning phase in that all the preparatory
activities need to be done prior to mobilization of construction vessel and
disassembly operations. In the Decom Tools document by the name of "Pre-
Decommissioning Marine Operations of Offshore Wind Parks" with document
number of "DECOMTOOLS-WP4-PDOWP-EDP-A3-001" all the actions which
need to be carried out in this phase of project has been studied and identified. This
document can be found in the appendix 1.

6.3 Optimizing Engineering

Having considered that offshore operations consist of several steps, therefore, comprehensive and
detailed study need to be done in order to have optimum result. Apart from pre-decommissioning
and post-decommissioning operations, there are two different stages namely disassembly and
removal as well as transportation. Transportation here is just transportation from offshore wind
farm to port/decommissioning yard and it does not include offloading from ship to quayside and
further onshore or inland transportation. These two stages can be described as following:

6.4 Disassembly and Removal Methods

National and international regulation as well as availability of technology outline how to

decommission a foundation. Some part of a foundation and cables can be kept in-situ under some

3 In general, reducing the duration of offshore operation will minimize considerably the cost of project, the CO»
emissions and improve the safety operation as well. However, it is not easy to book the vessel for summer. The vessels
are booked 2-3 years in advance.
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certain circumstances and whatsoever above seabed shall be decommissioned. Based on IMO
resolution A.672(16), the default condition for decommissioning of disused or abandoned offshore
structure is entire removal. However, under some certain circumstances, the developers can keep
some parts of structure in situ which will have weighty responsibility for them until their existence
or removal. Having considered this significant, authors consider in this research the entire removal
as basis to design the ship.

There exist several methods and techniques to disassemble and remove a set of offshore wind
turbine. Different designs, cost analysis and environmental impact caused by decommissioning
should be studied for the various techniques of disassembly and removal of OWF in order to find
the most optimum methods in term of cost, CO2 emission and environmental impact. Conduction
of such research is out of scope of this study, but very briefly the various removal methods is
skimmed since they impact the offshore transportation enormously.

Regardless of addressing how to remove a set of OWT, the removal of a full set of OWT can be
done in 1-piece®S, 2-pieces, 3-pieces, ... and n-pieces. Obviously, foundation types, the height and
weight of WT, the penetration of foundation®’ into the seabed and so forth influence how the
disassembly should undertake. Each of methods comes with a plethora of advantages and
disadvantages. For example, 2-piece removal of a wind turbine, means to remove a set of wind
turbine in 2 campaigns. The first campaign is removal of rotor, nacelle along with tower. And the
second campaign includes extraction of foundation along with transition piece. For this method of
disassembly and removal, advantages and disadvantages are mentioned in the Table 6-1.
Generally, the basis of decommissioning, in particular, the Decom Tools project is to remove the
component exactly reverse to the installation sequences. Referring to this fact, the baseline for
disassembly and removal of an OWT is to remove the blades one by one, then remove the nacelle
and finally to remove the tower. After conduction of this stage, transition piece and foundation
need to be removed one by one respectively. This is a 7-piece removal of offshore wind turbine
(OWT) which is reverse of installation of many wind farms across the world. The pros and cons
of 7-piece removal are mentioned in the Table 6-2.

These two tables just show the advantage and disadvantage of these two methods. In order to see
how cost-effective and CO»-effective they are, analysis with different vessel need to be done which

is out of scope of this work.

56 1-piece removal is possible when the foundation is floating, or gravity based. For other types of foundation, 1-piece
removal is unfeasible currently.

57 1t should be noted that type of foundation has profound impact on the method of disassembly and removal. Having
considered that about 82% of foundations are monopile, the basis of design to design this ship is a wind farm with
monopile foundations.
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Table 6-1 Advantage and Disadvantages of 2-Piece Removal of OWT

Advantage of 2-Piece Removal

The duration of offshore operation takes less time
since there is no need for many cuttings or

disassembly.

Vessel with a large lifting capacity and large boom

length is needed.

Less offshore duration may lead to less fuel

consumption as well less CO» emission (not always).

Large vessel normally has higher fuel consumption

Less hinderance for other sea users, because the

operation takes less time.

Large vessel normally has high CO, emission

Less manpower and other resources are needed.

Charter rate of big vessel is high.

Less offshore operation leads to facing with less
weather down time which means more productive

operation.

Transportation of this wind turbine is difficult and

need more stable vessel for transportation.

No wind Turbine is installed or decommissioned
with this method so far. Therefore, all aspect should

be considered.

The lifting and transportation of large and heftier
object is more dangerous than light weight and

small objects.

Just possible for monopile foundation

Table 6-2 Advantage and Disadvantages of 7-Piece Removal of OWT

Advantage of 7-Piece Removal

[ et

Already technology is existed to handle and lift each

component separately.

The duration of offshore operation takes more time
since more cutting or disassembly of components

are needed.

This method is proven concept since this method was
used during installation, therefore, it is a reliable and

safe method.

More offshore duration may lead to more fuel
consumption as well more CO; emission (not

always).

Smaller vessel or vessel with lower lifting crane

capacity is needed.

More seafastening is needed since every single
component needs to be secured for the safe

transportation.

Normally smaller vessel has less charter rate.

More seafastening means using more resources

including manpower as well as materials.
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Advantage of 7-Piece Removal

Normally, smaller vessels consume less fuel,

eventually, emit less CO,,

Number of transportations from field to shore will
be higher since the WT components are bulky and

cumbersome.

Seafastening and transportation of smaller pieces are

easier, and technology is available.

More transportation leads to more fuel consumption

and eventually more CO, emission.

Offloading smaller and lighter components to shore for

further process is easier.

More transportation contributes to more waiting in

a port for offloading the materials.

Less effort for shore disassembly is needed.

More waiting in the port leads to longer in duration

of offshore operation

Transportation for further disassembly and recycling is

easier onshore.

More waiting in the ports means more money

should be paid to the port

As it stated earlier, the decision to make partial or entire removal of foundations and cables impact

how to execute the decommissioning. For instance, if the decision is to carry out partial removal,

the piles should be cut a couple of meters below seabed or the cables should be secured based on

recommendation number one of ICPC which is about Recovery of Out of Service Cables

(International Cable Protection Committee (ICPC) 2016). Keeping the cables and foundations in-

situ not only affect the cost of operation but also does influence the legal responsibility of owners

or developers in the long-term.

Also, selection of right equipment for disassembly, cutting and removal of different components

based on their availability, safety of operation, rental cost of equipment etc. can impact the

decommissioning. For example, in overwhelming majority of project, transition piece and the

foundation have composite connection (they are connected with grout). Therefore, the available

technology for disassembly of this joint can be cutting with abrasive water jet or diamond wire

cutter and so forth.

6.5 Crucial Factors in Transportation of Wind Turbine Components

It is crystal clear that every wind park has different specification. Three different types of factors

have profound impact in the decommissioning and transportation of wind turbine components as

following:
6.5.1 Wind Farm Specification
1. Size of wind turbines.
2. Weight of wind turbine components.

3. Number of wind turbines in a wind park.
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4. Topology of wind park, such as having offshore high voltage substation (OHVS) and

metrological mast.

A S AR

Number and length of submarine cables.

Burial depth of cables.

The distance of offshore wind park from the suitable port.
The water depth at wind park.

Types of structure and foundation.

10. The methods of installation such as number of segments of tower, the connection of

transition piece to the foundation, the connection of rotor etc.

6.5.2 Shore Infrastructure

In addition to the specification of wind parks, other factors play significant role in

decommissioning of wind park which includes:

1) The closet port or decommissioning yard which must have some parameters for the

decommissioning such as:

Water depth at berth.

The seabed condition at berth, if the plan is to use jack up vessel.

Load bearing capacity of quayside.

Suffice area for storage and disassembly etc.

The load bearing capacity of storage area.

Space and infrastructure to mobilize workshop, warehouse, suitable area for cutting
the materials like monopile, blades etc. for further processing and to disassembly
of nacelle.

Port infrastructure to offload materials from vessel to the port. In case of lack of
port infrastructure, the mobilization of cargo handling tools like cranes, self-
propelled modular transporter (SPMT), truck, labour and so forth should be
reasonable.

Access to the onshore facilities like recycling company, original equipment

manufacturer (OEM) and so forth.

6.5.3 Waste Management and Recycling Process

After transportation of components to the decommissioning yard or port, a number of activities

need to be done on the materials including:

= Waste management and management of hazardous materials.

= Function test of equipment in order to segregate the functional components.
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Disassembly of equipment such as nacelle or offshore high voltage substation or
metrological mast.
= Sorting the materials.
= Decontamination and shredding the materials.
= Further transportation of goods to the necessary factory or plant for further process such as
disassembly or recycling. This process needs onshore transportation or may need
transportation via inland waters or offshore transportation.
The proximity and accessibility of the factories/plants for disassembly and waste management
influence the selection of port. Obviously, the less transportation result in less CO2 emission and
less decommissioning cost.
Finding of one study demonstrates that transportation with ship is approximately 4 times more
efficient than shore transportation with truck. The following compare the efficiency of shore

transportation versus ship transportation.

Ship transport versus road transport

Fuel consumption to transport one
40 feet Container the distance of 100 km

CSAV Rungue , speed 21,5 kn

per 40 f- container = 7,51 per 100 km
(Heavy fuel oil)

(total consumption per day: app. 90 t)

modern container truck

with one 40 f- Container =301 per 100 km
(diesel oil)

Ship transport is 4 times more
effective than road transport.

Figure 6-1 Shore Transportation VS offshore Transportation (Meyer 2019)

In conclusion, less onshore transportation will result in reduction of the cost as well as mitigation
of COz emission. Thus, the effort should be made in order to plan the transportation of the items

to the final destination via vessel than trucks or other onshore logistic vehicle.

6.6 Comparison of Cutting Tools in a Glance
There are many types of cutting tools which each of them follows specific principal and

techniques. Each of them has their own advantages and disadvantages. However, research about
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the cutting technics is out of scope of this research, but briefly some of the broadly used cutting

methods along with their pros and cost are listed shortly as following:

6.6.1 Diamond Wire Saw
The advantages of this cutting techniques are as following:
M This tool is so environmentally friendly.
M It is reliable cutting tools for subsea cutting and surface cutting.
M It can cut any material and any joint. So, it can cut the composite joint, grout, metal and
combination of them.
M It does not generate heat, fume, arc and relatively a low noise cutting technique.
M Does not need operator to be close to the cutting location, so it is safe.
The disadvantages of this cutting techniques are as following:
(X It is time-consuming cutting technology. the cutting process for a monopile with a diameter
of 3.5 m and a wall thickness of 78 mm can take up to 30 hours and more (Hinzmann, Stein
and Gattermann 2018).
More offshore time means the more day rate of the vessel, more fuel consumption and
more emission resulted from the vessel.
Xl Cutting large size structure and monopile need 2 divers for installation of tool around the
structure. The following figure shows the diamond wire cutter for cutting monopile with

diameter of 6-8 meter.

Figure 6-2 Diamond Wire Saw for Large size monopile (Mirage Machine Tool)
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6.6.2 Abrasive Water Jet
Abrasive waterjet cutting uses an abrasive particle (e.g. garnet) added to high pressure water to cut
through hard materials. The abrasive particle is added to the water in the nozzle of a waterjet
cutting machine (Resato n.d.)
The advantages of this cutting techniques are as following:
M It is reliable cutting tools for subsea cutting and surface cutting.
M It can cut any material and any joint. So, it can cut the composite joint, grout, metal and
combination of them.
M It does not generate heat, fume, arc etc.
M Does not need operator to be close to the cutting location, so it is safe.
M Can be installed inside TP or MP without needing ROV or divers.
The disadvantages of this cutting techniques are as following:
It is time-consuming cutting technology.
%I More offshore time means the more day rate of the vessel, more fuel consumption and
more emission resulted from the vessel.
It needs about 4 tons of abrasive for 22 hours of cutting. It means cutting each TP needs
more than 5 tons of abrasive, if cutting take place 30 hours. So huge amount of material is

needed in the course of operation.

Figure 6-3 Cutting of 36 inches Twin well Conductor

Source: (James Fisher Offshore 2020)
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6.6.3 Shear Cutting Tool

Shear cutting technique is also a proof of concept and suitable cutting tools for offshore operations.
There are a couple of reasons why it is a good tool and why this tool is not suitable for cutting TP
or MP as following:
The advantages of this cutting techniques are as following:

M It is fast cutting tool.

M It does not emit any pollutions.

M Can be used subsea and on the surface.

M Can cut the metal and composite joint.
The disadvantages of this cutting techniques are as following:

Need divers to align the tool around the structure.

Utilization of divers increase the cost of the project, makes the operation complex and

riskier.

[x]

The shear cutter tool for large size tubular like MP or TP is not designed/manufactured yet.

[x]

It is not used so far for cutting the vertical structure, mostly used for cutting the pipelines.

5]

It is relatively expensive tools.

5]

There are limited number of shear cutter manufacturers.

\

L—

g OD x 19mm WT clw .concrete coating

Figure 6-4 Shear Cutting Tool

Source: (James Fisher Offshore 2019)
6.6.4 Oxy Fuel Cutting Technique

There are various oxy fuel cutting tools, but in general some of the general and common

advantages and disadvantages are as following:
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It is a reliable cutting method.

It is quick cutting techniques.

Due to fast cutting, the duration that the fleet should be in operation are minimized. Then
the overall cost of project, the emission and the risk can be minimized.

It is relatively cheap cutting technique.

It is so common technology in oil and gas, wind industry and ship construction etc.

It can be a precise cutting tool which is not important for decommissioning.

This cutting tool are widely available.

The disadvantages of this cutting techniques are as following:

(=
(=

3]

Howe

It is not a subsea cutting tool.

It cannot cut the grouted and composite joint.

It produces fume, heat, smoke, smell, and spark (however, it is producing many variants of
pollutions, but because it is fast cutting techniques, the offshore operation become less.
Thus, the emission of ship which is many times greater than cutting tool will be less).

It is harmful for the operator. Therefore, the suitable PPE need to be used to prevent and
minimize the harmful impact.

ver, in this document we will show how cutting, removal and loading of transition piece has

to undertake on board the Decom Tools vessel. In this document it is proposed to cut top section

of the

transition pieces above the sea level, where there is not overlap with the monopile. So oxy

fuel cutting tool can be utilized to cut this section due to mentioned advantages.

6.7 Functions of Decom Tools Vessel
As it stated earlier, the Decom Tools Vessel has several functions which the most significant
functions are listed below.

1. Transportation of materials such as blades, nacelle and towers, transition piece as well as
foundation from offshore to port or decommissioning yard. However, the vessel is able to
transport offshore high voltage substation, metrological mast and cables.

2. Extraction of monopile from seabed.

3. Cut the monopile into small pieces for easier offloading at port and further transportation
and processing.

4. Automatic removal of marine growth.

5. Extraction of in-field (inter array) and export cable.

6. Cut the cables into small pieces.

7. Seafastening of all sizes of wind turbine blades from the first generation to 12 MW blades.
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8. Cut the blades into small pieces for easier offloading, transportation, and further process.

6.8 Loading and Transportation Function

In installation of most of wind farms, the installation vessel has been used for the transportation of
components. One of the main reasons is lack of suitable cargo vessel for transportation of
components from base port or OEM to the offshore field. Noticing the high charter rate of
installation vessels as well huge fuel consumption of this type of vessels, utilizing this vessel
contribute to high fuel consumption and incur enormous cost to the project. To fill this gap in this
industry, this cargo vessel has been designed in order to transport large number of components
from offshore wind parks to the decommissioning yard or port. To accomplish this mission, the

vessel should be dimensioned in a way to be suitable for various generation of wind turbines.

6.9 Criteria for Dimensioning the Decom Tools Vessel

Dimensions of Decom Tools vessel has been tailored based on the largest wind turbine that has
been installed so far>® which is 12 MW wind turbine. GE designed and manufactured 12MW X-
Heliade wind turbine and launched it in 2019. However, two sets of this wind turbine have been
installed in the Rotterdam port and Blyth for obtaining certificate for further offshore installation
which means yet this size has not been installed at any offshore site>’.

Due to more efficiency of larger wind turbines, the industry is avid to install XL wind turbine in
coming projects. There is 4.8 GW of orders for 12MW project in the pipeline of GE.

In addition, if the vessel can suit the requirement of the largest size of wind turbine, it can be
suitable for smaller sizes as well. Figure 6-5 shows the trend of development and dimension of
various size of wind turbines. As the figure shows, 6 MW blade is about 34m shorter and about 20
tones lighter in weight than 12MW.

The 12MW wind turbine and larger ones which is launched by Siemens Gamesa necessitate rapid
development of supply chain including ports and logistic namely on/offshore transportation as well
as installation. One can expect larger and heftier wind turbine in near future based on trends in the
development of this industry as well as numerous advantages of XL turbines. As it can be seen the
transportation and installation contractors are behind the development of wind turbine.

Every year, larger and heavier wind turbine are unveiled by the wind turbine manufacturers, but

the development of the transportation and installation vessels lag behind.

58 January 30, 2021
% Until January 2021
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Figure 6-5 Dimension of blades of Various Wind Turbine sizes (LM Windpower 2020)

Before showing the loading of 12 MW wind turbine’s components on the Decom Tools vessel, it

is beneficial to see how the loading one set of this giant wind turbine took place in 2019 and how

the installation conducted in the port of Rotterdam.

Weight: 675
Tones

10.5 m App

29m App

it
Ao

Figure 6-6 Transportation of 12MW GE X-Heliade Nacelle (Energyfacts.eu 2019)

Figure 6-6 shows transportation of 12MW nacelle from company to the berth for load out and
transportation to the Rotterdam port. The weight of nacelle including the hub is approximately 675
tones. This nacelle has 10.5-meter height, 29 meter length and 1 1meter width.

Figure 6-7 and Figure 6-8 shows the transportation of the mentioned nacelle to the quayside and

Figure 6-9, Figure 6-10 and Figure 6-11 shows lifting and load of the nacelle into the transportation
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vessel. As it shows, one SPMT has been used for transportation. Besides, the lifting was conducted

by the vessel crane.

Figure 6-8 Preparation of 12MW GE X-Heliade Nacelle for Loading into the C/V

The transportation vessel has hold(s) which the nacelle loaded out inside the hold for

transportation.
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Figure 6-10 Lifting 12MW GE X-Heliade Nacelle into the C/V (Pondera 2019)

Figure 6-12 and Figure 6-13 shows transportation of the 12 MW blade from the factory via two
SPMTs to quayside and transportation of it with the ship to the Rotterdam port. The ship
transported just one blade from LM Wind Power factory in Cherbourg, France to Rotterdam port

in the Netherlands which is about 290 nautical miles.
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Figure 6-12 Transportation of 12 MW GE X-Heliade Blade (LM Wind Power, 2019)

The omission or oversight to design and construct a cargo vessel for new and future generations
of wind turbine can be seen in the Figure 6-13. The existing vessels are not suitable and are not
tailored to the size of new generations of wind turbines which causing the transportation extremely
inefficient. Not only there is lack of suitable cargo vessel for the transportation, but also the
existing installation vessels are not mostly capable to install newly launched extra-large wind

turbines.
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Figure 6-13 Transportation of 12 MW GE X-Heliad Blade with Ship To the Rotterdam (LM Wind Power
2019)

Figure 6-14, Figure 6-15, Figure 6-16, Figure 6-17, Figure 6-18 and Figure 6-19 show sequences
of installation of 12 MW GE X-Heliade wind turbine in the Rotterdam port. The steel tower for
this size of wind turbine will have weight of approximately 880 tones. It should be noted that the
installed tower in the Rotterdam port consists of 4 segments. In addition, the wight of monopile
with diameter of 10 meter for the water depth of 50 meter will be around 2000 tones (Kellner

2018).

v o Choaat E N —— .
Figure 6-14 Installation of the Second Segment of 12 MW GE X-Heliade WT in the Rotterdam Port (GE

Renewable Energy 2019)

s —=
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Figure 6-15 Installation of the Third Segment of 12 MW GE X-Heliade WT in the Rotterdam Port (GE
Renewable Energy 2019)

Figure 6-16 Installation of the Fourth Segment of 12 MW GE X-Heliade WT in the Rotterdam Port (GE
Renewable Energy 2019)

Figure 6-17 Installation of 12 MW GE X-Heliade Nacelle in the Rotterdam Port (GE Renewable Energy
2019)
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Figure 6-18 Installation of First Blade of 12 MW GE X-Heliade Nacelle in the Rotterdam Port (GE
Renewable Energy 2019)

Figure 6-19 Installation of Third Blade of 12 MW GE X-Heliade Nacelle in the Rotterdam Port (GE
Renewable Energy 2019)
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6.10 Dimensions of Decom Tools Vessel

However, the vessel primarily designed for the largest and latest generation of offshore wind
turbine which is 12MW GE X-Heliade, but optimization has been done on the dimensions of the
Decom Tools vessel for transportation of other sizes of the wind turbines too. Having considered
criteria and specifications of installed wind farms across the EU, authors designed the vessel with
following specifications. Moreover, the hull optimization has been conducted in order to reduce

the hull resistance which contribute to less fuel consumption.

Figure 6-20 Dimension of Decom Tools Vessel

The final dimension of the vessel is as following:
» Length overall (LOA): 195 Meter
» Breadth overall: 48 Meter
» Moulded depth: 26.5 Meter
» Summer Draught: 19.7 Meter
Figure 6-20 shows the dimensions of Decom Tools vessel in general, holds and other sections.
In addition, dimensions of different sections of Decom Tools vessel are mentioned in the Table
2-1 and Table 5-1.
However, in the last section of this document, the overall dimension and specification of the vessel

can be found as an appendix.

6.11 First Method of Cargo Loading Arrangement (Full Set Load Out)

Loading and transportation of components directly depends on the sequences of disassembly and
removal.

More importantly, the disassembly and removal sequence heavily depend on onshore waste

management infrastructure, port specification as well as location of nacelle manufacturer.
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It should be noted that three campaigns (the first three mentioned sequences) are needed for
disassembly and removal of wind farm components which may increase due to installed
components in a wind farm as following:
1. The retrieval and extraction of inter-array and export cables (if removal of the cable take
place as first stage, jack up vessel can do the positioning without any concerns).
2. The next campaign is disassembly and transportation of towers, nacelles, and rotors.
3. The third campaign is removal of transition pieces and extraction of the monopiles or other
types of foundation®.
4. Removal of topside of offshore high voltage substation (OHS), if any.
5. Removal of jacket or other structure of high voltage substation (OHS), if any.

6.11.1 12 MW GE Turbines Loading Arrangement

Regardless of topology of wind farm and installed components, the first method of cargo loading
is exactly reverse to the installation sequences of many installed wind farms. It means that the last
stage of installation of a wind turbine was installation of blades. Therefore, the first sequence for
the decommissioning is disassembly of blades from a wind turbine and loading of them into the
vessel. Therefore, the blades should be loaded on the lowest part of the ship. Given this fact, the
longitudinal holds are designed for the loading and securing the blades. The length of hold is 109
meters and the length of largest manufactured blade up to date®! is 107 meters which is belong to
GE X-Heilade 12 MW. The sizes of various generation of wind turbines blades are shown in the
Figure 6-5.

So, one meter clearance is considered from tip and root of the blades from both end of the holds.
With the designed holds, four number of 12 MW blades (4 x 107m blade) which weigh 55 tones
can be loaded vertically on top of each other in each section of longitudinal hold. In addition, in
each holds section, three number of them can be loaded adjacent to each other. It means that each
holds section can load 4 sets of 12-MW wind turbines blades (12 number of 12 MW blades). In
overall, the longitudinal hold is capable to be loaded by 8 sets of 12-MW wind turbines blades (24
number of 12 MW blades). Figure 6-21, Figure 6-22, Figure 6-23 and Figure 6-24 shows the holds
when are loaded with 12MW wind turbines blades.

The weight and dimension of the major components of the 12 MW wind turbine is listed in the

Table 6-3.

60 The first two campaigns can be done in one run, in case the removal of wind turbines and foundations take place in
one campaign. So far, this technology is available for the gravity base structure as well as floating wind turbine. There
is not any proof of concept for removal of wind turbine and relative structure in one campaign.

6! January 2021
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Table 6-3 Weigh and Dimension of 12 MW Wind Turbine

a

Weight and Dimension of 12 MW Wind Turbine

Component Name Size
Blade length (m) 107
Blade Diameter 5.5
Blade mass (t) 55
Max. chord (m) 6
Hub mass (t) 75
Nacelle mass (t) 600
Nacelle + Hub mass (t) 675
Nacelle dimensions (m) (L x W x H) 20.6x11x10.4
Nacelle with hub dimensions (m) (L x W x H) 29x 11x10.5
Tower Mass (t) 880
Tower Height (m) 129
Tower top diameter (m) 5.5
Tower bottom diameter (m) 10

This cargo loading plan does not limit to the loading of blades just and it consists of a complete
set of wind turbine including nacelle and tower. Obviously after fully loading of the vessel with
sets of rotor, nacelle and tower, the materials need to be transported to the nominated port or
decommissioning yard for offloading the materials and further process. After completion of

disassembly of towers, nacelles and rotors of the whole wind farm, the extraction and loading of

transition pieces and foundations can be executed.

Figure 6-21 Perspective View of Load out of 12 MW Blades inside the holds
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Figure 6-22 Top view of Load out of 12 MW Blades inside the holds

Figure 6-23 Perspective view of Load out of 12 MW Blades inside the holds

Figure 6-24 Side view of Load out of 12 MW Blades inside the holds
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Figure 6-25 to Figure 6-29 shows that the 12 MW tower is made of 2 segments with the overall
weight of 880 tons and length of 129 meter meaning each segment is about 65m. As it shows 8
full set of 12MW wind turbine can be loaded on the Decom Tools vessel. It means 24 number of

blades, 8 towers (consists of 16 segments) and 8 nacelles plus hubs.

: *!_I_------l--

Figure 6-25 Side View of Load out of 12MW Blades, Nacelle & Tower

Figure 6-27 Top View of Load out of 12MW Blades, Nacelle & Tower
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Figure 6-29 Perspective of Load out of 12MW Blades, Nacelle and Tower

So far maximum 6 sets of large wind turbines (7MW) were loaded and transported offshore by the
most advanced fleet. The emergence of this designed vessel will help the industry for saving of
the resources remarkably.

The Decom Tool vessel can load and transfer a considerable number of 12 MW transition pieces
and monopiles also. The following figures show how many sets of monopile, and transition piece
can be loaded on the Decom Tools vessel. The authors designed two different loading plans for
transition pieces and monopiles which one of the lay out is more efficient since less voyage is

needed to transport the wind farm components.
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In the first loading plan, 11 number of transition piece®? along with 11 numbers of monopile®® can

be transported, See Figure 6-30, Figure 6-31, and Figure 6-32.

Figure 6-31 Top view of Load out of 12MW TP & Monopile (First Arrangement)

o

Figure 6-32 Perspective of Load out of 12MW TP & Monopile (First Arrangement)

%2 This transition pieces dimensioned for the 12 MW wind turbine. The transition piece has approximately height of
41 m and dimeter of 10.2 m.

3 The monopile dimensioned based on the consultant of the GE company. The monopile of 12MW wind turbine in
this research has diameter of 10 m and length of 100.
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This cargo loading is suitable when the removal of TP and MP is planned to be conducted in same
campaign.
The second load out arrangement of monopiles and transition pieces are shown in the Figure 6-33,

Figure 6-34 and Figure 6-35.
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Figure 6-35 Side View of Load out of TP and Monopile (Second Arrangement)
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This cargo arrangement is not so optimized in that just 4 sets of transition pieces plus 12 set of
monopile can be loaded out and transported. It should be noted that by engineering of suitable
seafastening, four more number of monopiles can be loaded on the top of the shown monopiles.
In this case 16 sets of monopile plus 4 sets of transition pieces can be transported per trip.
Transportation of more cargo per voyage lead to more efficient transportation. Thus, the first load
out plans of transition piece and monopile seems more efficient.

6.11.2 5 MW Turbines Loading Arrangement

Based on the Table 2-1, the most installed wind turbine size across the EU is 5 MW wind turbine.
Not only the cargo arrangement has been done for 12 MW wind turbine but also the cargo
arrangement has been performed for 5 MW wind turbines too.

For the installation of SMW wind turbine, so far on each voyage, maximum 6 sets of this wind
turbine components (rotor, nacelle and tower) were transported by different vessels. However, in
the installation of Wikinger offshore wind farm, the jack up installation vessel by the name of
Brave Tern transported 3 full set of 5 MW wind turbine to the farm for the installation. The
installation took place with star configuration (Fred Olsen Windcarrier 2017). Figure 6-36 shows
the loading and arrangement of SMW wind turbines of mentioned project (the rotors fully
assembled onshore, star configuration). Prior to showing the cargo arrangement of 5 MW wind
turbine on the Decom Tools vessel, we would like to show the dimension and weight of this
turbine’s component.

Table 6-4 shows the weight and size of major components of SMW wind turbine.

Table 6-4 Weigh and Dimension of 5 MW Wind Turbine

Weight and Dimension of SMW Wind Turbine

Component Name Size
Blade length (m) 66
Blade Diameter 4
Blade mass (t) 23.33
Max. chord (m) 5.0
Hub mass (t) 67.78
Nacelle mass (t) 240
Nacelle + Hub mass (t) 307.78
Nacelle dimensions (m) (L x W x H) 16x6.3x6.3
Nacelle with hub dimensions (m) (L x W x H) 21x6.3x6.3
Tower Mass (t) 347.46
Tower Height (m) 87.6
Tower top diameter (m) 3.87
Tower bottom diameter (m) 6
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Figure 6-37 Perspective of Load out of SMW Wind Turbine
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Figure 6-38, Figure 6-37 and Figure 6-39 illustrates that the Decom Tools vessel can load and
transport 24 full sets of 5 MW wind turbines.
As it shows, 24 set of 5 MW turbine can be loaded for each single voyage.
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Figure 6-38 Top View of Load out of SMW Wind Turbine

The highest number of sets of wind turbine that has been loaded and transported to the offshore
wind farm was 8 sets of 3.6MW. As it stated before, mostly, in the overwhelming majority of the
projects, the installation vessel transported the materials to the site (pendulum configuration).

It means that Decom Tools Vessel is at least 4 times more efficient than existing vessel in terms
of transportation. The greater number of sets of wind turbines to be transported per cycle, the more

efficient the transportation will be.

Figure 6-39 Side View of Load out of SMW Wind Turbine
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6.11.3 3.6 MW Turbines Load Out Arrangement

3.6MW wind turbine constitute approximately 20% of installed offshore wind turbine. This size is
the third most installed wind turbine across the Europe. The maximum full set of 3.6 MW wind
turbine that a vessel loaded and transported so far was 8 set.

Jack-up vessel Bold Tern transported and installed 80 Siemens 3.6 MW wind turbines at the
Butendiek wind farm in the German North Sea. It seems the Bold Tern vessel transported and
installed 7 full set of this wind turbine per cycle.

Figure 6-40 shows the installation of this wind farm with the Bold Tern jack up vessel.

The dimension and weight of this wind turbine are summarized in the Table 6-5.

Loading of 3.6 MW wind turbine components has been drawn. Figure 6-41, Figure 6-42, Figure
6-43 and Figure 6-44 shows the arrangement of this size of wind turbine onboard the Decom Tools
vessel.

In all the loading configuration, it is assumed that dismantling of all components of wind turbines
take place offshore. In other words, the wind turbines are dismantled to 5 different components

excluding the transition pieces and foundations.

Table 6-5 Weight and Dimension of 3.6 MW Wind Turbine

Weight and Dimension of 3.6 MW Wind Turbine

Component Name Size
Blade length (m) 58.5
Blade Diameter 3.5
Blade mass (t) 17.74
Max. chord (m) 4
Hub mass (t) 25
Nacelle mass (t) 125
Nacelle + Hub mass (t) 150
Nacelle dimensions (m) (L x W x H) 125x5x5.5
Nacelle with hub dimensions (m) (L x W x H) 17x5x5.5
Tower Mass (t) 210
Tower Height (m) 90
Tower top diameter (m) 32
Tower bottom diameter (m) 5
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Figure 6-40 Installation of Butendiek Offshore Wind Farm

Decom Tools vessel is able to load and transport 33 full sets of 3.6 MW wind turbine.

The following figures (Figure 6-41, Figure 6-42, Figure 6-43, and Figure 6-44) shows how the
loading of this size of wind turbine take place onboard Decom Tools Vessel.

It means transportation by Decom Tools vessel is 4.125 times more efficient than transportation
by the jack up vessel.

It should be noted that 3 more nacelles and towers can be loaded on the vessel, since blades are

bulky objects, this does not allow to transport more complete set of wind turbine.
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Figure 6-41 Top View of Load out of 3.6 MW Wind Turbine
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Figure 6-42 Top View of Load out of 3.6 MW Wind Turbine

As it shows in the figures, the towers consist of one segment the same as Figure 6-40. It seems that
in transportation of 3.6 MW wind turbine, the tower is made of one segment. Not only the tower
of the 3.6 MW is constructed on one segment, but also, the towers of 7 MW are constructed from
one segment. The number of segments heavily depend on the boom length of the vessel as well as
SWL of the crane. Therefore, it depends which vessel is negotiated to be used for the installation
or decommissioning. But it is evident, lower number of segments, need less offshore lifting, less
seafastening which lead to less offshore operations. On the other hand, handling and lifting of large

components is more difficult and riskier.

Figure 6-43 Side View of Load out of 3.6 MW Wind Turbine
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Figure 6-44 Perspective view of Load out of 3.6MW Wind Turbine

6.12 Second Method of Cargo Loading Arrangement (Component Wise)

The second method of cargo arrangement crucially and mainly depends on the port infrastructure
and accessibility to the waste management company as well as nacelle manufacturer. The distance
and access to the shore infrastructures namely recycling and disassembly companies in the port or
in vicinity of the port totally change the business model and logistic method which will impact the
overall cost of project and environmental impact. To put it simply, some ports are in proximity of
recycling companies which can handle and recycle the composite material such as blade. The other
port is in vicinity of the nacelle assembly company like Cuxhaven port which can do the function
test of nacelle components as well as disassembly of nacelle. Ultimately, some ports the same as
Greena Havn port has metal shredding and recycling facilities inside the port which is a great
candidate for the transportation of tower, monopile and transition piece. It can be discussed that
there is not any port that can have capabilities to manage all types of materials including cable,
blade, nacelle, offshore high voltage substation and structure. This means if all the materials of
one offshore wind farm transported to one port, after conduction of the primary process like cutting

and disassembly of the main part, they need to be transported again to another ports or base for
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shredding and recycling. This time, transportation should be done either via high seas, inland
waters or shore transportation system namely truck or train. So, in this case the cost of
transportation will be higher and also the emission resulting from transportation damage the
environment. Therefore, it is highly recommended to decide for each wind park based on the
location and access of the ports to the recycling and nacelle manufacturer companies.

Based on our finding which shows in the following figures, even more items can be transported
per voyage by the same vessel which lead to higher efficiency. Transportation of more cargo per
voyage contributed to less cost, less fuel consumption, and less CO» emission.

As an illustration, The Decom Tools Vessel can carry out 16 set of I2MW GE X-Heliade blade,
and 24 set of nacelles of same wind turbine.

The following table shows the difference of cargo loading:

Table 6-6 Comparison of Various Loading Plan

Comparison of Cargo Loading Arrangement for 12 MW Wind Turbine
Loading Plan 1. Component Wise (Segregation) 2. Complete Set (Mixed)
Components Blade Nacelle Tower TP Blade + Nacelle + Tower
Loading Per Cycle | 16 sets (48) 26 No. 24 No. 20 No. 8 set
Efficiency 200% 325% 300% 250% Base Scenario

Figure 6-45, Figure 6-46 and Figure 6-47 shows load out of 12MW transition piece by Decom
Tools vessel. As the above figures show, 20 number of 12 MW transition piece with diameter of

10.2m and height of 41meter can be loaded on the Decom Tools Vessel.
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Figure 6-45 Top View of Load of 12MW TP with Decom Tools Vessel
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Figure 6-46 Side View of Load of 12MW TP with Decom Tools Vessel

T

Figure 6-47 Perspective View of Load of 12MW TP with Decom Tools Vessel

Furthermore, Figure 6-48 shows that 48 number of 107-meter blade with root diameter of 5.5 m

and weight of 55 tones can be loaded on the Decom Tools Vessel.

Figure 6-48 Perspective View of Load of 12MW Blade with Decom Tools Vessel
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Figure 6-49 and Figure 6-50 show that 24 number of 12MW tower with overall length of 129.1

meter (each tower made of two segments) and weight of 880 tones are loaded onboard the Decom

Tools vessel.
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Figure 6-50 Top View of Load of 12MW Tower with Decom Tools Vessel
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Figure 6-51 Perspective View of Load of 12MW Nacelle with Decom Tools Vessel
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Figure 6-52 Top View of Load of 12MW Nacelle with Decom Tools Vessel
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Figure 6-53 Side View of Load of 12MW Nacelle with Decom Tools Vessel

Lastly, Figure 6-51, Figure 6-52 and Figure 6-53 show that 26 number of 12 MW nacelle plus hub
with the overall weight of 675 tones and dimension 0f29.5 x 11 x 10.5 (L x W x H) can be loaded
onboard the Decom Tools vessel.

6 number of nacelles are placed on the top of tank deck (hold number 2), 6 on the tween deck, 12

on the top deck and 2 inside the hold number 1.

6.13 Efficiency of Components Wise Load Out Versus Full Set Load Out

In order to assess which cargo arrangement is more efficient for decommissioning of a wind farm,
we have to assume a wind park with specific number of w