D.6.3 – MARINE MANAGEMENT STRATEGY AND OFFSHORE OPERATIONS

University of Exeter (UNEXE)
Lead authors: Giovanni Rinaldi, Philipp Thies & Lars Johanning (UNEXE)

FLOTANT - Innovative, low cost, low
weight and safe floating wind
technology optimized for deep water
wind sites, has received funding from
the European Union´s Horizon 2020
research and innovation programme
under grant agreement No.815289

Deliverable 6.3
Marine management strategy

[Deliverable 6.3 – Marine management strategy and offshore operations ]

Project Acronym: FLOTANT
Project Title: Innovative, low cost, low weight and safe floating wind technology optimized for deep
water wind sites (FLOTANT).

Project Coordinators: Ayoze Castro – The Oceanic Platform of the Canary Islands (PLOCAN)
Programme:H2020-LC-SC3-2018
Topic: Developing solutions to reduce the cost and increase performance of renewable
technologies

Instrument: Research & Innovation Action (RIA)
Deliverable Code: 210326-FLT-WP6_D_6.3-v_4
Due date: 31/03/21

The FLOTANT Project owns the copyright of this document (in accordance with the terms described
in the Consortium Agreement), which is supplied confidentially and must not be used for any
purpose other than that for which it is supplied. It must not be reproduced either wholly or partially,
copied or transmitted to any person without the authorization of PLOCAN. FLOTANT is a
Cooperation Research Project funded by the European Union´s Horizon 2020 research and
innovation programme. This document reflects only the authors’ views. The Community is not
liable for any use that may be made of the information contained therein.

FLOTANT has received funding from the European Union´s Horizon 2020
research and innovation programme under grant agreement No.815289

Doc.Nº: 210326-FLT-WP6_D-6-3_V4
Date: 26/03/2021
2

Deliverable 6.3
Marine management strategy

DISSEMINATION LEVEL
PU: Public

x

PP: Restricted to other programme participants (including the Commission
Services)
RE: Restricted to a group specified by the consortium (including the Commission
Services)
CO: Confidential, only for members of the consortium (including the Commission
Services)

DOCUMENT HISTORY
Edit./Rev.

Date

Name

Prepared

10/03/2021

Giovanni Rinaldi (UNEXE)

Checked

11/03/2021

Prof Philipp Thies (UNEXE)

Approved

26/03/2021

Prof Lars Johanning (UNEXE) and Alejandro Romero-Filgueira
(PLOCAN)

DOCUMENT CHANGES RECORD
Edit./Rev.

Date

Chapters

Reason for change

UNEXE/1

15/03/21

All

Original Version

UNEXE/2

24/03/21

All

1st internal review. Comments from
Project Coordinator Team

UNEXE/3

25/03/21

5

2nd internal review. Comments from
Project Coordinator Team

UNEXE/4

26/03/21

All

Consolidated version

FLOTANT has received funding from the European Union´s Horizon 2020
research and innovation programme under grant agreement No.815289

Doc.Nº: 210326-FLT-WP6_D-6-3_V4
Date: 26/03/2021
3

Deliverable 6.3
Marine management strategy

DISTRIBUTION LIST

Copy no.

Company/
Organization
(country)

Name and surname

1

PLOCAN (ES)

Ayoze Castro, Alejandro Romero-Filgueira

2

UNEXE (UK)

Lars Johanning, Philipp Thies, Giovanni Rinaldi

3

UEDIN (UK)

Henry Jeffrey, Anna García-Teruel, Anup Nambiar

4

AIMPLAS (ES)

Ferrán Martí, Blai López, Maria Algarra

5

ITA-RTWH (DE)

Thomas Koehler, Dominik Granich, Oscar Bareiro

6

MARIN (NL)

Erik-Jan de Ridder

7

TFI (IE)

Paul McEvoy

8

ESTEYCO (ES)

Lara Cerdán, Beatriz García, Carlos Cortés, Ángeles Ortega

9

INNOSEA (FR)

Rémy Pascal, Hélène Robic, Florian Surmont, Jordi Serret

10

INEA (SI)

Igor Steiner, Aleksander Preglej, Marijan Vidmar

11

TX (UK)

Sean Kelly

12

HB (UK)

Ian Walters

13

FULGOR (EL)

George Georgallis, Konstantinos Grivas, Anastasia Moraiti

14

AW (HR)

Mateo Prsic, Miroslav Komlenovic

15

FF (ES)

Bartolomé Mas, Juanjo De La Cuesta

16

COBRA (ES)

Sara Muñoz, Rubén Durán, Gregorio Torres

17

BV (FR)

Claire-Julie , Jonathan Boutrot, Jonathan Huet, Jimena Reachi

FLOTANT has received funding from the European Union´s Horizon 2020
research and innovation programme under grant agreement No.815289

Doc.Nº: 210326-FLT-WP6_D-6-3_V4
Date: 26/03/2021
4

Deliverable 6.3
Marine management strategy

Acknowledgements
Funding for the FLOTANT project (Grant Agreement No. 815289) was received from the EU
Commission as part of the H2020 research and Innovation Programme.

The help and support, in preparing the proposal and executing the project, of the partner
institutions is also acknowledged: Plataforma Oceánica de Canarias (ES), The University of
Exeter (UK),The University of Edinburgh (UK), AIMPLAS-Asociación de Investigación Materiales
Plásticos y Conexas (ES), Rheinisch-Westfaelische Technische Hochschule Aachen (DE),
Stichting Maritiem Research Instituut Nederland (NL), Technology From Ideas Limited (IE),
Esteyco SA (ES), Innosea (FR), Inea Informatizacija Energetika Avtomatizacija DOO (SI),
Transmission Excellence Ltd (UK), Hydro Bond Engineering Limited (UK), FULGOR S.A.,
Hellenic Cables Industry (EL), Adria Winch DOO (HR), Future Fibres (ES), Cobra Instalaciones y
Servicios S.A (ES), Bureau Veritas Marine & Offshore Registre International de Classification de
Navires et eePlateformes Offshore (FR).

Abstract
This document is produced in fulfilment of Deliverable 6.3 (hereafter D6.3) - Marine management strategy and
offshore operations. It describes part of the activities carried out within FLOTANT Work Package 6 (WP6), and more
in particular within Task 6.2 - Optimization of Installation techniques, Marine Management & Offshore Operations
and Task 6.3 - Development of algorithms for predictive maintenance strategies and O&M optimization (Work Package
leader: UNEXE. Participants: Installation process: COBRA, ESTEYCO, HB; Inform decision-making process: INEA; Inputs
on mooring innovations: TFI; Inputs on Cable innovations: FULGOR).
The aim of WP6 is to improve the assessment of potential cost savings, installation techniques, offshore operations,
marine management and O&M techniques of floating wind devices. Particular emphasis lies on the novel components
developed in the FLOTANT project. In this deliverable, the main innovations are described and evaluated in relation
to the installation and O&M implications. Hence, specific aspects in terms of onshore operations, marine
interventions, vessel suitability and safety aspects are considered. Attention is given to generic strategies for floating
wind devices, as well as the specific FLOTANT innovative components. Technical storyboards and description of the
modelled onshore and offshore operations, as well as details of the modelling procedure and outcomes of the postmodelling analysis, are provided. Enhancements of traditional strategies are discussed, and indications for future
improved installation and maintenance techniques are derived.
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1 INTRODUCTION
Marine operations are a key element of offshore renewable energy (ORE) farms. The smooth
execution of construction, installation, and operation and maintenance (O&M) procedures is
pivotal in order to achieve a safe and cost-effective project. In turn, a sensible and informed
selection and management of the assets, both onshore and offshore, is needed in order to
achieve this goal. This, together with appropriate and detailed planning can reduce the risks
related to the deployment of the devices and secure a successful project execution.
Existing general guidelines are based on the previous experience with offshore wind turbines
(OWTs) and have to be tailored for case-specific assets. The main variables to be considered in
this case are the characteristics of the device and project’s location.
In FLOTANT, a series of novel components for the cost-reduction of floating offshore wind
(FLOW) turbines are being developed:
•
•
•

a floating platform concept with concrete structure and embedded plastic materials,
a dynamic power cable with aluminium core and corresponding connector,
a mooring system composed of hybrid cables and polymer springs.

Within this context, the main objective of FLOTANT Task 6.2 (Optimization of Installation
techniques, Marine Management & Offshore Operations) is to evaluate current options for the
effective execution of marine interventions for FLOW devices, and select the most suitable assets
for the FLOTANT project. To this end, the specifications of the project have to be taken into
account together with those of the novel components under development. Particular emphasis
lies on the requirements and possibilities for installation and O&M procedures. These
considerations on the selection and management of the assets can subsequently inform and
guide the effective planning and execution.
The activities within FLOTANT Task 6.3 (Development of algorithms for predictive maintenance
strategies and O&M optimization) consist in modelling and simulating marine operations with
specialised and dedicated computational models. As part of this task, after accurate simulations
are built to quantify the impact of weather and other risks in these activities. This requires the
initial identification of a set of typical installation and O&M interventions for floating OWTs.
In this context, this deliverable is organised as follows. Section 2, describes the specifications of
the novel components developed within FLOTANT, emphasising the aspects related to their
installation, removal and O&M. In section 3, typical assets used for marine interventions of ORE
devices are presented, including both onshore and offshore elements of the infrastructure and
with a focus on FLOW devices. In section 4, typical offshore operations and related procedures
for the successful management of a FLOW farm are discussed. Finally, the implementation and
outcomes of the simulations of typical marine interventions in FLOW farms are provided in section
5, and conclusions in view of future developments discussed in section 6.

2 FLOTANT: PROJECT AND INNOVATIONS
The European programme FLOTANT involves 17 partners spread across Europe, and lasts 36
months starting from April 2019. Its main goal is the development of innovative solutions for
10+MW floating wind turbines in deep waters (100-600m). The activities of this project can be
divided in two main branches: i) the design and test of novel components for the FLOW sector,
graphically summarised in Figure 1, and ii) the assessment and optimisation of construction,
installation, operation and decommissioning techniques. These activities aim at reducing CAPEX
by 60% and OPEX by 55%, bringing the LCOE of floating solutions to 85-95 €/MWh by 2030.
FLOTANT has received funding from the European Union´s Horizon 2020
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Figure 1. Graphical summary of the main innovations developed in FLOTANT.

For the evaluation and optimisation activities, two deployment sites have been defined for
FLOTANT project: the west of Barra Island in Scotland (UK) and the southeast of Gran Canaria
Island in Spain. Both sites had been previously identified as potential locations for deep water
floating technologies under the Horizon 2020 programme LIFE50+ [1], and nearby locations have
been selected as suitable to test the feasibility of FLOTANT innovations under different climates
and logistics requirements. These two sites are represented in Figure 2, while their main
characteristics for operational considerations reported in Table 1. Main characteristics of the
selected locations for FLOTANT assessments.Table 1.

Figure 2. Map of the selected locations for FLOTANT assessments.

Metocean time-series reporting the wave, wind and current characteristics have been retrieved
from publicly available online portals, namely the MARENDATA [2] and the Hycom [3] platforms.
For the two sites, hindcast data covering a period of 25 years (1980-2004) with a timestep of 3
hours have been obtained. These will be used to include considerations and limitations due to
weather in the numerical modelling of installation and O&M activities.

FLOTANT has received funding from the European Union´s Horizon 2020
research and innovation programme under grant agreement No.815289

Doc.Nº: 210326-FLT-WP6_D-6-3_V4
Date: 26/03/2021
10

Deliverable 6.3
Marine management strategy

Table 1. Main characteristics of the selected locations for FLOTANT assessments.

Parameter

Gran Canaria

West of Barra

Coordinates [lat., long.]

27°45'00.0"N, 15°19'48.0"W

56°53'09.6"N 7°56'52.8"W

Depth [m]

250

100

Seabed type

Medium course sand

Rock (basalt)

Average wind speed at Hub
height (102m) [m/s]

6.12

9.41

Distance to O&M port

20,5 Km (Arinaga Harbour)

385 Km (Clydeport)

The choice for both ports was dictated by the port typology and the currently available (or
potential) infrastructure. More specifically, the requirements for an installation and O&M base
were checked, e.g. availability of cranes, quayside space, warehousing and others (all typical
elements are listed in Section 3.1). More in detail, for the West of Barra site, all available ports in
Scotland were examined by selecting the appropriate layers in the GIS tool available at
https://marinescotland.atkinsgeospatial.com/nmpi/default.aspx. The same criterion was applied
to the Gran Canaria site, checking the specifications of the ports available in the island.
As it can be seen in Table 1, while a port with sufficient capability can be found at a relatively
short distance for the Gran Canaria site, this is not the case for the Scottish site. This issue had
already been identified in previous work considering the same site for floating wind projects [4],
and investment in a closer port, with related infrastructure upgrade to make it suitable for the
requirements of the project, were suggested as a possible solution. This finding already
establishes a significant difference between the two FLOTANT locations in terms of marine
management strategy, at least for the O&M phase of the project. For example, the large distance
from port in the West of Barra site makes the case for consideration of a Service Operation Vessel
(SOV). This option is fully discussed in section 3.2. The effects of this distance are shown and
discussed with the results of the operational simulation (section 5.3), and alternative options
proposed in the Conclusions.
In the next subsections, the features of the innovations developed within FLOTANT are described,
together with their requirements in view of installation and other marine operations.

2.1 FLOATING PLATFORM
Most of the information related to the development and characteristics of FLOTANT floating
platform has been extracted from the deliverable D.4.1 – Structural and naval architecture design
basis. The platform technology proposed is a barge foundation capable of hosting 10+MW
offshore wind turbines, whose main stabilisation mechanism is given by a wide waterplane area,
with a heave plate and an active ballast system. The foundation is mainly built with concrete and
a limited amount of steel, exploiting a more robust and cost-effective materials combination for
improved reliability and reduced maintenance requirements. Plastic materials are enclosed within
the platform base to provide buoyancy when required (e.g. during assembly in port and transport
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to/from the offshore location). A graphical representation of the floating platform concept
proposed is presented in Figure 3. Scheme of FLOTANT platform concept..

Figure 3. Scheme of FLOTANT platform concept.

2.2 MOORING SYSTEM (HYBRID CABLE AND POLYMER SPRINGS)
FLOTANT proposed mooring system is based on the combined use of high performance and
lightweight fibres and elastomers. Each mooring cable consists of multiple hybrid polymer-carbon
fibre rods, embedded in a thermoplastic epoxy matrix that maximizes the anti-bite and anti-fouling
resistance of the cable. A sample of an ultra-high strength (200 Tones MWL) cable section is
shown in Figure 4. The mooring cables are complemented by polymer springs, shown in Figure
5, to reduce peak loads. A wide range of moorings and anchors configurations has been explored
in order to find the optimal solution for the station-keeping of the FOWT, and taking a series of
water depths and metocean conditions into account. Full details of the mooring system
configuration can be found in FLOTANT deliverables D.2.1 – Mooring and Anchoring System
Design, D.2.2 – Parameter set for the production of hybrid polymer carbon fibre yarns, D.2.5 –
Polymer Spring Component Design Report and D.2.7 – Integrated sensing report.
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Figure 4. Sample of FLOTANT ultra-high strength cable section showing rods bundle, resin cone and cable
fixed connector. Courtesy of Future Fibres ltd.

Figure 5. FLOTANT mooring line load reduction spring. Courtesy of TFI.

2.3 POWER CABLE (AND HANG OFF SYSTEM)
The last innovation proposed in FLOTANT focuses on a dynamic power cable and export system
engineered with a specific view on deep-water scenarios. The cable, graphically represented in
the render in Figure 6, is rated at 72.5 kV, according to current standards for windfarms
applications. However, the main novelty consists in choosing an XLPE insulated core with an
Aluminum conductor (instead of a copper) in order to reduce weight (and cost), and therefore
improve the response and load behavior of the cable. This choice affects the cable core cross
section dimensioning, as well as its dynamic properties. The power cable design criteria, with a
view on performance and reliability assessments, are provided in [5]. A full assessment of the
mechanical performance and load parameters for an Aluminum power conductor cable for FOWT
applications is provided in [6]. The insulate cable core is currently being tested in a saline solution
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under AC voltage for a total period of two years in order to verify its ageing properties. A novel
synthetic armour is considered as a strength member for the submarine cable applied in form of
braid (instead of steel wire armour) to provide lower weight and extra flexibility. An enhanced
extruded outer jacket, including addition of short synthetic fibres, is developed in order to provide
appropriate mechanical robustness, bending and torsion stiffness to the cable. Anti-fouling and
anti-bite additives are added for additional protection. A full description of FLOTANT power cable
can be found in deliverables D.3.3 - Insulated core of dynamic 72.5 kV cable for aging testing and
D.3.4 - Final 72.5 kV dynamic cable sample including inner jacket, braid, outer jacket, antifouling
and anti-bite additives.

Figure 6. Rendering of FLOTANT 72.5 kV dynamic submarine cable. Courtesy of FULGOR.

A mechanical hang-off and emergency breakaway system, shown in Figure 7, is developed in
conjunction with the power cable in order to facilitate and speed up plug and play operations. This
includes fast-coupling wet-mate connectors at the interface between cable and platform. This
hang-off connection system to incorporate an emergency release mechanism to support both
emergency and tow-to-port maintenance scenarios. This is described more in detail in FLOTANT
D.3.1 - Deliver connector 72.5 kV prototype.

Figure 7. Mechanical hang-off and emergency breakaway system (exploded view). Courtesy of Hydro Bond.
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2.4 FLOTANT
COMPONENTS
CONSIDERATIONS

INSTALLATION

AND

O&M

When installation and O&M procedures of floating wind turbines are analysed, clear synergies
with more established sectors (e.g. oil and gas and bottom-fixed offshore wind) can be identified,
but also key differences and novel requirements. In particular, the possibility of towing the device
from port to the offshore location and vice versa enables a new set of possible scenarios. Thus,
the effects of conventional and novel installation and O&M interventions need to be assessed
using dedicated tools, also accounting for new aspects, e.g. platform motions. These aspects will
be discussed in more detail in Section 4.
A thorough description of installation requirements is provided in FLOTANT D6.2 - Installation
processes. Here, the FLOTANT innovations described in the previous section are characterised
in terms of the constraints, mechanisms and procedures regulating the phases of the deployment
at sea for each subsystem (floating platform, mooring and anchoring system and electrical layout)
and related components. According to this document, as many operations as possible, especially
in terms of components assembly, should be carried out onshore in order to reduce risks and
costs of offshore procedures. For this reason, a section on the onshore infrastructure has been
included in this deliverable. Some preliminary indications on the required offshore assets for the
various components is also provided, e.g. tugboats for towing the platform and anchors
installation, and cable-lay vessels for the handling and pull-in of the dynamic cables.
A further set of indications for the strategic installation and O&M planning was derived through a
Failure Modes and Effect Analysis (FMEA) conducted on FLOTANT innovative components [7].
In this work, the key failure modes were identified, and the criticality of these components and
their relative contributions to the reliability, availability and maintainability of the device assessed.
Regular inspections were among the most proposed maintenance recommendations, and
adequate sensors and condition monitoring instrumentation, useful to detect in advance any
degradation or deviation from operational conditions of the novel components, were suggested.
Besides, the most common root causes responsible for the occurrence of the identified failure
modes were recognised as follows:
•
•
•

for the mooring system and its components: fatigue, overload, wear, corrosion;
for the power cable and its components: fatigue, insulation deterioration, inadequate
outer jacket additives, abrasion, installation and maintenance activities;
for the floating platform and its components: excessive load or vibration, incorrect
wielding, inappropriate tightening, corrosion.

3 ASSET MANAGEMENT
In order to improve the marine strategy and logistical processes, several factors such as the
design of each component, transport and lifting systems and their load capacity, must be taken
into account. In this section, the main assets defining the logistics of a FLOW farm, as well as
those specific for the selected deployment sites and novel concepts introduced with FLOTANT,
are discussed. These include i) the onshore infrastructure to manage and organise the various
operations, ii) the installation and maintenance vessels and iii) the offshore workforce. In addition,
a novel maintenance hub concept is explored and its suitability for the FLOTANT context is
discussed.
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3.1 ONSHORE AND ELECTRICAL INFRASTRUCTURE
The onshore infrastructure is needed to successfully plan and organise the various operations. In
particular, onshore facilities (e.g. harbours) equipped with appropriate equipment are needed to
carry out the initial construction, assembly and commissioning activities related to the farm
deployment. They are also required for the following maintenance and overhaul interventions and
final decommissioning tasks. Having a detailed layout of the facilities supports these procedures.
Thanks to the limited draft and possibility of buoyancy, the FLOTANT platform can be fully
constructed and assembled in port, which is a significant advantage since it reduces the cost of
heavy-lift vessels or bespoke installation solutions. More in general, since offshore operations are
constrained by weather conditions and often require expensive vessels, it is beneficial to
maximise the number of in-port operations where possible. However, this translates into more
demanding requirements for the onshore infrastructure. Typical assets and facilities to satisfy
these requirements are:
•
•
•

•
•
•

A dry-dock, ramp or slipway to load out the platform
Sufficient area (quayside space) and berth water depth to accommodate the platform portside, as well as wet storage of assembled units
A crane with sufficient lifting height and lifting capacity to assemble the turbine on the
platform. These can be divided into crawler and mobile, and have a typical operational
limit of 8-12m/s [8]
Self-propelled modular transporter (SPMTs), to move large and heavy blocks of material
within the port
Workshops for storage of parts and possible repair works
Control room, warehousing, personnel and accommodation (temporary or permanent)
and administration facilities

The above facilities and infrastructure need to be sufficiently available in order to avoid possible
conflicts with other competing activities. In addition, the presence of a new energy production
system may pose new demands on the electrical infrastructure. Depending on the size and layout
of the farm, network expansion for grid integration may be needed in order to accommodate the
additional energy production. An onshore substation and transformer may be added to collect the
energy transmitted to shore. Finally, as detailed in FLOTANT deliverable D6.2, wind turbine
assembly will require additional equipment and facilities such as scaffolds, ladders, wire slings,
shackles, chains, winches, taglines and steel plates.
The ports deemed suitable to satisfy the characteristics described above and selected to
coordinate the installation and O&M interventions for the FLOTANT scenarios described in
section 2 are the Arinaga Harbour for the Gran Canaria site and the Clydeport for the West of
Barra site. While the first is around 20km away from the offshore location where the farm is
located, the second is around 385km away from the offshore farm. This will impact the installation
and O&M strategies because the long distance (and related weather window requirements) will
have to be taken into account in all planning actions, and highlights how the port infrastructure is
a key factor for floating wind developments.
Important considerations for the electrical infrastructure also apply to the development of a
FLOTANT wind farm. Most offshore wind farms are currently installed at a relatively short distance
from shore (15-40km) and can be connected to the grid by means of a High Voltage Alternating
Current (HVAC) transmission system. This should be the most likely solution for the Gran Canaria
site. However, for farms at larger distance from shore (typically more than 60km) or a high number
of devices covering a large area, electrical losses in AC cables become significant. In this case,
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a High Voltage Direct Current (HVDC) transmission system is required to reduce transmission
losses. This could be the preferred solution for the West of Barra site (unless closer onshore
electrical infrastructure is exploited). Nonetheless, additional instrumentation, i.e. converters, are
required to convert the electricity from AC to DC or vice versa. The full electrical infrastructure for
both FLOTANT locations will be specified in WP7 and related deliverables.

3.2 INSTALLATION AND MAINTENANCE VESSELS
Other than the onshore infrastructure, an appropriate fleet of installation and maintenance vessels
needs to be selected to carry out the various activities through FLOTANT project lifetime. Thus,
a list of suitable vessels, including their specifications and capabilities as they will be used in the
numerical modelling of FLOTANT interventions, is presented in Table 2. These have been
established according to publicly available databases and the experience of relevant FLOTANT
partners, exploiting the wide range of expertise available in the consortium. Due to the high
variability of possible vessels in the market, vessel categories are proposed instead of specific
models. Besides, a standardised daily crew member cost has been established across all vessel
types. A set of vessel categories for minor, medium and major maintenance activities (depending
on the size and weight of the component to be repaired or replaced) are considered, namely a
crew transfer vessel (CTV), a field support vessels (FSV) and a heavy-lift vessel (HLV). In
addition, Tugboats and an Anchor Handling Tug Supply vessels (AHTS) are considered to tow
the device to port (and then back to the offshore location) for the installation or when a
maintenance intervention onshore (in port, e.g. for replacement of major components) is required.
As reported in FLOTANT D6.2, this vessel typology will be used also for the installation of gravity
base caisson anchors.
In this regard, it should be noted that various options, in terms of type and number of towing
vessels, are available. Typically, at least one large tugboat with sufficient towing capability (e.g.
a barge vessels or an AHTS) is needed to tow the device, with smaller tugboats (generally 1 to
3) used to provide support during the operation, especially during the positioning of the device or
in-port manoeuvres. Under these premises, the configuration chosen for towing operations of a
FLOTANT device considers the use of one large tugboat with a bollard pull of at least 150t,
together with two smaller tugboats with a bollard pull of at least 35t for positioning and in-port
operations. Additional support vessels may be needed in case of large distances to cover from
the pre-selected installation/O&M port, like in the case of the West of Barra project.
The AHTS can be used also for the pre-lay, hook-up and pre-tensioning of FLOTANT mooring
components, while a cable-lay vessel (CLV) will be required for the installation of static (export)
and dynamic (inter-array) sections of power cables.
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Table 2. Vessel categories and related properties of the selected offshore assets for installation and O&M
activities of FLOTANT.

Name of the vessel

CTV

FSV

CLV

HLV

Tugboat

AHTS

24

10

10

12.5

12

10

-

-

-

-

9

4

2000

9500

25000

150000

2500

18735

0

0

0

0

0

0

Mobilisation cost (€)

2000

2500

5000

27000

3000

3000

Fuel consumption (l/h)
Average daily crew member
cost (€)

381

196

458

1127

448

1045.75

220

220

220

220

220

220

Wave (Hs) [m]

2

1.8

1.6

1.5

1.8

3

Wind (m/s)

30

30

30

25

30

30

Current (m/s)

5

5

3

4

4

4

Wave (Hs) [m] with device

-

-

-

-

1.26

2.1

Wind (m/s) with device

-

-

-

-

21

21

Current (m/s) with device

-

-

-

-

2.8

2.8

Vessel speed (knots)
Vessel speed towing device
(knots)
Day rate (€)
Standby rate (€)

Limit/Vessel

In addition to these assets, offshore-based Service Operation Vessels (SOVs) capable of
stationing within the wind farm can be considered, especially for the West of Barra site, which is
located at a large distance (~385km) from an O&M harbour with sufficient onshore infrastructure.
As reported in [9], “SOVs are already equipped with personnel access systems, cranes,
workshops, a helideck and accommodation for approximately 30-60 technicians SOVs are
equipped to keep station offshore for two or more weeks at a time with a stock of spare parts and
consumables onboard. As these vessels can operate in much more challenging sea conditions
than CTVs, this strategy means that operators can respond to turbine issues more quickly. An
SOV strategy is more expensive than a port-based strategy for projects close to shore but this is
balanced by the extra revenue that is generated by the reduction in turbine downtime.”. Thus, a
combined SOV-CTV strategy could be considered for increased flexibility and cost reduction in
the West of Barra site.
In addition, Service Accommodation Transfer Vessels (SATVs), with similar costs and capabilities
to those of a CTV but capable of hosting technicians overnight, may be used. Helicopters, instead,
may be considered in case of high urgency (minor) interventions or emergency situations. Finally,
vessels selection also has to take into account associated capital expenses for the installation of
additional instrumentation, e.g. Launch and Recovery Systems (LARS), fastening systems,
motion compensated cranes or gangways.
A further class of offshore assets to be considered for inspections during installation and
maintenance activities is that of remotely operated vehicles (ROVs). An ROV can be used to
monitor and provide visual support during all the interventions, removing the need for divers and
related health and safety (H&S) concerns. Due to the deep water sites of FLOTANT projects, as
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well as to reduce risks and remove restrictions on operational time, the use of divers should be
avoided where possible. Cable-guided underwater vehicles, equipped with robotic arms for
manipulation or sensors to detect deterioration status of the examined structure, can be launched
from a small mothership. In this case, a LARS is required to guarantee the safe and steady
deployment of the ROV. In addition, metocean constraints (especially in terms of current speed)
might limit the use of ROVs. Alternatively, Autonomous Underwater Vehicles (AUVs) that operate
without being connected to power cables can be used, removing the need for human intercession,
especially for pre-determined tasks such as surveys. The same function, but for surface
interventions, can be carried out by Uncrewed (or Unmanned) Surface Vessel (USVs). As for
SOVs and helicopters, ROVs, AUVs and USVs shall be considered case-by-case depending on
the specific requirements of each intervention.

3.3 MAINTENANCE HUB
Depending on the distance of the devices from shore, innovative concepts such as the use of a
maintenance hub can be explored. In FLOTANT this, kind of solution would be applicable only to
the West of Barra site. This offers the possibility of having an offshore base for quicker intervention
and less weather restrictions. To this end, fixed platforms, motherships, or support vessels could
be used in the proximity of the farm. Smaller boats (daughter craft vessels) can then be deployed
when needed, either for routine or corrective interventions. A maintenance hub also allows
minimises the possibilities of disruption when a device has to be removed from the farm due to
maintenance, with possible impacts on the remaining devices due to shared connections (e.g.
moorings or power cable). Due to the deep water sites, this maintenance hub would have to be
realised as a floating, moored platform. However, it would provide a strategic asset to host spare
parts, maintenance tools and eventually technicians.

4 OFFSHORE OPERATIONS
In addition to the specific installation and O&M considerations for FLOTANT innovations, detailed
in section 2.4, a series of generic considerations for floating wind projects operations can be
applied. Besides all onshore and quayside preparations, strategies for the actual offshore
operations should be implemented. In this section, the major considerations to plan cost-effective
solutions for installation and O&M activities are described. It is anticipated that in some cases
maintenance interventions will be the same as installation procedures (e.g. replacement of a
mooring line) while in other cases will be simpler and quicker procedures (e.g. repair of a minor
component of the wind turbine).
All offshore operations should be optimised to maximise the opportunities for economy of scale
that come with farms such as the expected FLOTANT cases, with a relatively high number of
devices (50) moored in the same area. In this case, it makes sense to purchase or long-term
charter the necessary assets (e.g. SOVs or helicopters), but also to make a series of preliminary
considerations on the possibilities offered by the geographic characteristics of the project, e.g.
presence of sheltered or shallow-water areas between the farm location and the installation and/or
maintenance harbour.

4.1 FLOTANT LOCATIONS (FARM) ACCESSIBILITY
A preliminary investigation on the accessibility of the selected sites for FLOTANT project has
been already conducted within the scope of the European project COREWIND [10]. Here, the
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accessibility probability for the West of Barra and Gran Canaria sites has been calculated taking
into account a set of constraints on the usability of offshore assets. Namely, the maximum
significant wave height has been set to 2m, while the maximum wind speed allowed during
maintenance has been set to 8 m/s, lowering to 5 m/s for maintenance work on the top of the
nacelle. Accessibility is calculated by multiplying probability of occurrence for wind-wave cases
by one if the weather parameters are lower than the set limits, or to zero if these are higher. Using
these values, the accessibility probability per year for West of Barra is 29.08%, while for Gran
Canaria is 77.49%.
A set of more specific accessibility considerations, based on the calculation of 24-hours weather
windows with metocean limits below those established for FLOTANT installation and
maintenance activities, is presented in section 5.3.
Once the exact location of each device has been established, a comprehensive examination of
transport lanes and logistic pathways must be conducted so that decisions can be made
effectively. Computational simulation with 3D mapping can aid this task, while external restrictions
and marine traffic are taken into account.

4.2 FLOATER (SINGLE DEVICE) ACCESSIBILITY AND WORKABILITY
When dealing with floating installations, the main difference compared to bottom-fixed turbines is
of course that the foundation is allowed to move in 6 degrees of freedom in response to
environmental loads. This poses additional challenges for both the accessibility and workability
of the devices. Firstly, the motions of the vessel and the motion response of the platform have to
be considered, in particular the relative difference between the two. In this regard, the frequency
response of the device to the combined wave height and period must be considered. Many other
factors (e.g. wind speed and direction, currents and marine growth) also influence the device
motions. Secondly, the motions of the platform may induce vibrations (and possibly seasickness,
nausea and discomfort) to technicians operating on the turbine, which in turn may lead to reduced
work performance. As such, the accessibility of the devices has to be recalculated taking into
account these additional elements. These two limiting factors are briefly summarized in this
section.
According to [4] floating devices may have improved accessibility (intended as transfer of
technicians to the device platform) compared to fixed structures in case the floater motions are in
phase with those of the maintenance vessel, but also worse accessibility for out-of-phase
conditions. Environmental loadings and natural periods of the floater and vessels have to be
considered to characterise the accessibility.
According to the Offshore Wind Access Report 2020 written by the TNO [11], three categories of
access system can be identified for both floating and fixed foundations, depending on the point
of access:
•
•
•

access to the boat landing, from where technicians can climb the ladder to reach the
device foundation (also known as ‘Bow Transfer Method’);
access to the platform directly on top of the transition piece around the turbine tower (also
known as Walk-to-Work (W2W) method), and
access to the helicopter hoisting platform, directly on top of the nacelle.

In addition, specific vessel capabilities (e.g. dynamic positioning) and external tools (e.g. motion
compensated gangways) are often required to support access in the first two access methods.
Therefore, in order to assess accessibility, both the platform and maintenance asset motions need
to be considered, and the limits for personnel transfer have to be established.
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When the workability is considered, the human response to motion-induced vibrations must be
taken into account. Since the wind turbine is not functioning during maintenance interventions in
order to increase safety of the technicians, the only vibrations are caused by the environmental
loads acting on the platform. Depending on the frequency of these vibrations, negative effects on
human body perception may be induced. Generally, motion-induced vibrations have low
frequency (below 1Hz), and induce so-called whole body vibrations (WBVs) [10]. Thus, in order
to assess the workability on FLOTANT farms, the motion response of the floating platform under
those environmental conditions that were deemed feasible under accessibility constraints, need
to be evaluated. A methodology to determine a workability index (i.e. the portion of time in which
maintenance tasks could be carried out) is presented in Figure 8. Scheme of the methodology for
determination of workability index for floating wind turbines [12].

Figure 8. Scheme of the methodology for determination of workability index for floating wind turbines [12].

4.3 MAJOR MAINTENANCE AND TOWING PROCESSES
While minor and medium maintenance is likely to be performed offshore using the access systems
and technologies described above, alternative strategies should be made available for the major
interventions. Both FLOTANT installations (Gran Canaria and West of Barra) have geophysical
constraints (e.g. deep water and distance from port) that reduce the possibility of using larger
vessels (e.g. Jack-up vessels) due to the high costs related to their use in these locations. In fact,
the Gran Canaria project is expected to be deployed in deep waters, while the West of Barra
project is expected at a relatively large distance (~385km) from the O&M port.
Alternatives to major maintenance interventions offshore for floating wind devices, including
FLOTANT, are i) tow-in procedures in which the device is disconnected from its mooring and
power cable connections and towed in harbour to perform maintenance and ii) maintenance at a
sheltered or more favourable location (e.g. with shallow waters) where traditional offshore
maintenance becomes technically and economically feasible. The first option may be used in the
Gran Canaria case, where the short distance from the O&M port would make the tow-in strategy
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feasible, while the second option would make more sense for the West of Barra case because of
the larger distance from O&M port and the lower water depth (~100m). In both cases, the
ballasting control system of FLOTANT floating platform would permit to obtain a relatively short
draught that facilitates all towing operations. In both cases, unless corrective interventions are
needed, major maintenance should be scheduled during the summertime due to the long weather
windows requirements. However, the full weather restrictions for both sites are assessed through
the operational modelling presented in section 5.2.
Small and inexpensive tugboats or AHTS can be used for all the towing operations. However,
other operational constraints must be taken into account. Namely, challenges exist in terms of i)
the disconnection/reconnection mechanisms and instrumentation needed to prepare the device
for towing and ii) solutions for the storage of the components at sea. For the first problem, in
FLOTANT a quick-release mechanism as part of the hang-off system can be used for
disconnection of the power cable, while a winch system that drives the tensioning on the mooring
lines would be mounted on the service vessel rather than on the platform or at the top of each
mooring line. For the second challenge, a large buoy would be needed to allow wet-storage for
each of the mooring lines and power cable, i.e. stop the weight of the components from dropping
to the seabed where retrieval would be difficult due to the deep water.

4.4 WINCH PROCESSES
For some components, such as the array or export cables, operations of pulling the component
into the substation or floating platform are needed. During this operation, a suitable installation
vessel (e.g. cable-lay vessel) equipped with a winch system is positioned (by means of anchors
or dynamic positioning), and the component winched on floats or through a pre-laid duct [13]. If
the device or substation are installed after the cable, wet storage would be needed. The winch
system can then be used to winch the cable as required. Either topside or subsea hydraulic
winches can be used for pull-ins or subsea tie-backs.
In the case of FLOTANT, the aluminum power cable is intentionally lightweight (compared to
ordinary cables with a copper core), in the order of 1875 kg/km (as opposed to ~3800 kg/km for
copper cables), which reduces the requirements of winch equipment. Thus, a single drum
hydraulic winch with a lifting capacity of 10-20 tons with 3:1 safety factor would be sufficient for
the pull-in of the cable end into the floating platform.
When the FLOTANT mooring system is considered, the approach is different due to the nature of
the innovation proposed, i.e. three polymer springs installed on top of each of the mooring lines.
These will be connected by chain, allowing for tensioning at the platform end of the mooring
system, and separated from each other by 5m lengths of chain. The installation procedure
envisages that the mooring chains will be deployed with the platform, hanging on the side of the
platform quayside until connection to the pre-installed mooring system is facilitated by allowing
the sea springs to drop into the water. Nonetheless, also in this case a vessel equipped with
winches will be used to apply lateral force pulling the mooring line away from the platform to
ensure the exact positioning of the system. Once the mooring lines becomes slack, a hook is
remotely activated to complete the installation and the mooring lines tensioned at the fairlead
point either by a platform based or vessel based winch.

5 OPERATIONAL SIMULATION
Marine operations are highly sensitive to environmental constraints and assets capabilities. The
inadequate planning of activities at sea can result in significant unplanned expenses, and most
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importantly pose high risks to the safety of technicians involved in the intervention. Thus, the
accurate and detailed scheduling of offshore interventions is pivotal in order to secure the smooth
execution of each operation, especially when novel technologies like those developed within
FLOTANT are considered. For this reason, dedicated optimisation tools can and should be used
to simulate the installation and O&M activities during the pre-development phase of an ORE farm.
This task allows the identification and mitigation of possible risks, and supports the intelligent
operations planning.
Under these circumstances, a series of generic installation, removal and O&M interventions for
FLOW devices have been identified. These have been selected in order to cover a range of
different situations (e.g. anchors installation, power cable connection, maintenance inspections,
minor repairs, major replacements), according to the outcomes of the preliminary analysis on
FLOTANT requirements for installation and O&M. The identified intervention scenarios have been
characterised in terms of their planned schedule and operational limits. Workflows and tables
have been used to provide a graphical and accurate representation of each task and relevant
specifications, as described in section 5.2.
Thus, representative models of these marine operations are built to quantify the impact of
weather, wave and tidal forces. The scope of the simulations is to:
•
•
•
•

evaluate the sensitivity of offshore procedures to different metocean limits (e.g. wave
height and wind speed);
assess the comparison between onshore (tow-to-port) vs onsite maintenance;
determine how long each operation type is likely to take varying the start date throughout
the year (characterize dependency on seasonality); and
see how the operations are affected by the location chosen for the farm deployment (i.e.
Gran Canaria and West of Barra).

In other words, this task constitutes an assessment of typical installation and O&M interventions
for FLOTANT wind farms across different sites and throughout the year.

5.1 MERMAID
The tool selected to model and analyse the identified installation and O&M scenarios is the
sophisticated marine operations planning and risk optimisation software Mermaid
(http://mojomermaid.com/). Mermaid can be used to model and optimise marine operations
against weather risk by building and simulating a highly accurate representation of the
intervention. Each operation is simulated multiple times against historical weather data, to see
how long it would have taken in the past. The metocean limits of each vessel are taken into
account, allowing the distinction among limits in port, at the offshore location and during operation.
Similarly, metocean limits specific to each individual task can be imposed on top of those due to
the vessel capabilities. In this way, a wide range of statistics on likely future operation durations
is produced, including the range of possible costs and durations. Thanks to an intuitive and
interactive graphical user interface, it is possible to build a representation of the marine operation
directly on a map of the project, setting up the assets details using dedicated tabs and the various
tasks by means of flow diagrams or Gantt charts. Once metocean data are imported into the tool,
the operations are simulated and the results can be analysed by means of embedded instruments.
A map showing the implemented FLOTANT scenarios in Mermaid is shown in Figure 9. Here the
port used for installation and O&M interventions is shown in green, the offshore location where
the devices are located is shown in blue, and the metocean point where the environmental
sources (wind, wave and currents) are measured in white. The route that vessels have to follow
to transit from the port to the offshore location and vice versa is represented by the green dashed
line.
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Figure 9. Maps of FLOTANT scenarios as implemented in Mermaid.

A preliminary overview of the local resource can be obtained by analysing the probability of
exceedance of wind, wave and current for both sites, as shown in the below Figures Figure
10Figure 15.

Figure 10. Probability of exceedance of wind speed at Gran Canaria site.
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Figure 11. Probability of exceedance of significant wave height at Gran Canaria site.

Figure 12. Probability of exceedance of current speed at Gran Canaria site.
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Figure 13. Probability of exceedance of wind speed at West of Barra site.

Figure 14. Probability of exceedance of significant wave height at West of Barra site.
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Figure 15. Probability of exceedance of current speed at West of Barra site.

Although a complete assessment of the metocean conditions is beyond the scope of this report,
from these charts it can be seen that West of Barra has a better wind resource, but also more
recurrent high waves. Currents instead are generally slightly stronger at the Gran Canaria site.

5.2 MARINE OPERATIONS SIMULATIONS
Following the definition of FLOTANT scenarios in Mermaid, a series of relevant marine operations
is identified. Installation procedures are selected in order to simulate the initial transport,
positioning and connection of the elements needed for electrical connection and station-keeping
of a FOWTs. These are established according to the findings of FLOTANT D6.2. Hence,
installation of the dynamic cable and installation of the mooring and anchoring systems
(including positioning of the floater and hook-up of the mooring lines) are modelled.
Similarly, generic O&M procedures are selected in order to cover a range of common or possible
situations happening during the operational lifecycle of the project. These include:
•

•
•

•
•

Inspection. Visit to the multiple devices using a small transport system (e.g. CTV or
helicopter) for a limited amount of time needed to assess the status of a specific
subsystem or component.
Minor intervention onsite. Installation, repair or replacement of a small component
(man-carried) using a small maintenance vessel (e.g. CTV or SWATH).
Medium intervention onsite. Installation, repair or replacement of a medium component
(not man-carried, requiring a small crane) using a medium maintenance vessel (e.g.
FSV).
Major intervention onsite. Installation, repair or replacement of a heavy component
(requiring external crane) using a major maintenance vessel (e.g. HLV or Jack-up).
Major intervention onshore. Installation, repair or replacement of a heavy component
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(requiring external crane) using one or multiple vessels (e.g. Tugboat or AHV) to tow the
device to the maintenance port where the local infrastructure is used.
Thus, in order to cover the above range of typical intervention and investigate their sensitivity to
various parameters (e.g. duration of the maintenance task and effects on multiple devices) a
series of scenarios is established, as summarised in Table 3:
Table 3. Summary of installation and O&M procedures simulated in Mermaid.

Scenario

Dynamic
cable
installation

Maintena
nce asset

CLV

Task
location

Offshore

Number
of
repeats
[devices]

1

Estimated
Task
duration
[h]

32

Mobilisation
/
demobilisati
on duration
[h]

Additional
activities

2

Mechanical
hang-off
connection at
both ends

Mooring and
anchoring
installation

AHTS

Offshore

1

110

3

Floater
positioning &
diving
operations

Inspection

CTV

Offshore

10

2

1

-

Inspection

Helicopter

Offshore

10

2

1

-

Minor
intervention

CTV

Offshore

10

3

2

-

Medium
intervention

FSV

Offshore

10

10

3

-

Major
intervention

HLV

Offshore

10

24

5

-

5

Disconnection/r
econnection (1h
each) + tow to
port/offshore

Major
intervention

Tugboat

Onshore

10

24

In medium and major interventions, it is assumed that the task duration includes site arrival and
setup activities, e.g. dynamic positioning and ballasting. Besides, the sensitivity of these
operations is measured also with respect to the different metocean limits of each vessel category,
established in section 3.2.
When interventions on multiple devices are simulated, the transfer between consecutive devices
is also considered, and subject to the same metocean limits selected for the transfer to/from the
offshore location. If necessary, the position of each specific device can be considered for this
purpose. In this work, however, the entire farm is treated as positioned in a single offshore
location.
Each identified scenario is modelled according to the above-established tasks and corresponding
limits, by means of a table and flow diagram. These translate to a workflow of tasks and related
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Gantt chart in Mermaid.
Finally, all simulations were run as non-suspendable, meaning that once started they had to be
completed in one run, i.e. require a single working window in which to complete. If needed, other
suspendability states (fully suspendable or suspendable but holding station) can be assumed to
allow an intervention to be completed across multiple weather windows.

5.2.1 Interventions – Workflow and detailed schedule
Once the marine operations scenarios to be simulated are identified, these are defined by means
of workflows and/or parametrisation tables. The duration of the various tasks are estimated, based
on previous findings and according to preliminary considerations, and indicatively distributed in
order to reflect the cumulative amount of hours specified in Table 3. The duration of the transits
between the ports chosen as the onshore basis for installation and O&M activities, and the
offshore locations for the farm deployment, is calculated by Mermaid according to vessels
capabilities, weather conditions and distances. The tables and/or workflow describing each
simulated operation are provided hereinafter.

1. Installation of the dynamic power cable on a single device

Task

Repetitions

Duration [h]

Significant
wave height
limit [m]

Wind
speed
limit
[m/s]

Current
speed
limit
[m/s]

Mobilisation &
harbour activities

1

2

-

-

-

1st End pull-in

1

8

1.5

15

0.5

Mechanical hang-off
connection

1

1

1.5

15

0.5

Dynamic cable lay
(250m/h)

1

10

3

15

0.5

2nd End pull-in

1

8

1.5

15

0.5

Mechanical hang-off
connection

1

1

1.5

15

0.5

Demobilisation
equipment and crew

1

2

-

-

-
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Mooring line hook-up operations

Mooring line pre-lay operations

2. Installation of the mooring and anchoring system for a single device
Task

Repetitions

Duration [h]

Significant
wave height
limit [m]

Wind
speed
limit
[m/s]

Current
speed
limit
[m/s]

Mobilisation of
mooring lines
and equipment

1

3

-

-

-

Gravity anchors
positioning

4

4

2

20

0.5

Gravity anchors
ballasting

4

10

2

20

0.5

Installation,
tensioning and
abandonment of
mooring line

4

12

1.5

10

1

Demobilisation
of vessels and
equipment

1

3

-

-

-

Onshore
logistics and
mobilisation

1

1

-

-

-

Floater
positioning

1

6

1.5

10

1

Mooring line
hook-up

4

5

1.5

10

1

Disconnection of
tugboats

4

1

1.5

10

1

Equipment
recovery

4

1

1.5

10

1

Diving
operations

4

0.5

1

10

0.5

Demobilisation
of vessels and
equipment

1

1

-

-

-
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3. Inspection on multiple devices (10) using CTV or helicopter

Significant
wave heigh
limit [m]

Wind
speed
limit
[m/s]

Current
speed
limit
[m/s]

Task

Repetitions

Duration
[h]

Mobilisation (crew)

1

1

-

-

-

Transit to the offshore location

1

Calculated
by Mermaid

2.5

30

5

Inspection

10

2

2

15

3

Transit to next device

9

0.5

2.5

30

5

Transit to onshore basis

1

Calculated
by Mermaid

2.5

30

5

Demobilisation (crew)

1

1

-

-

-

The inspection has been repeated considering an helicopter instead of a CTV. In this case, wave
and current limits are removed, and only wind limits are applied. This highlights once more the
great independency of helicopters from weather (as long as there is sufficient visibility). A fixed
day rate of €15,000 (inclusive of mobilisation, fuel and crew costs) is considered for the use of
helicopters, with a transit speed of 40 m/s (78knots) from port to farm and a 10min transit between
consecutive devices.

4. Minor intervention on one or multiple devices (10) using CTV
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Significant
wave heigh
limit [m]

Wind
speed
limit
[m/s]

Current
speed
limit
[m/s]

Task

Repetitions

Duration
[h]

Mobilisation (crew)

1

2

-

-

-

Transit to the offshore location

1

Calculated
by Mermaid

2.5

30

5

Minor repair/replacement

10

3

2

15

3

Transit to next device

9

0.5

2.5

30

5

Transit to onshore basis

1

Calculated
by Mermaid

2.5

30

5

Demobilisation (crew)

1

2

-

-

-

5. Medium intervention on one or multiple devices (10) using FSV

Task
Mobilisation (crew)
Transit to the offshore
location
Medium repair/replacement
Transit to next device

Duration
Repetitions
[h]
1

3

1

Calculated
by Mermaid

10
9

10
0.75

Transit to onshore basis

1

Calculated
by Mermaid

Demobilisation (crew)

1

3

Significant
wave
heigh
limit [m]

Wind
speed
limit
[m/s]

Current
speed
limit
[m/s]

-

-

-

30

5

15
30

3
5

30

5

-

-
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6. Major intervention on one or multiple devices (10) using HLV

Significant
wave
heigh
limit [m]

Wind
speed
limit
[m/s]

Current
speed
limit
[m/s]

Task

Repetitions

Duration
[h]

Mobilisation (crew)

1

5

-

-

-

Transit to the offshore location

1

Calculated
by
Mermaid

1.5

25

4

Major repair/replacement

10

24

1

10

3

Transit to next device

9

0.75

1.5

25

4

Transit to onshore basis

1

Calculated
by
Mermaid

1.5

25

4

Demobilisation (crew)

1

5

-

-

-

7. Major intervention on one or multiple devices (10) onshore using tugboat
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Duration
[h]

Significan
t wave
heigh
limit [m]

Wind
speed
limit
[m/s]

Current
speed
limit
[m/s]

-

-

-

30
15

4
3

Task

Repetitions

Mobilisation (crew)

1

1

Transit to the offshore location

1

Calculated
by Mermaid

Disconnection device

10

1

1.8
1.5

Tow device to port

10

Calculated
by Mermaid

1.2

15

3

Major repair/replacement
onshore

10

24

-

-

-

Tow device to offshore location

10

Calculated
by Mermaid

1.2

15

3

Reconnection device

10

1

Transit to next device

9

0.75

1.5
1.8

15
30

3
4

Transit to onshore basis

1

Calculated
by Mermaid

Demobilisation (crew)

1

1

1.8
-

30
-

4
-

5.3 RESULTS
Once the interventions are set up in Mermaid, simulations can be run to calculate likely cost and
duration according to the chosen vessel characteristics, tasks properties and metocean
conditions. Due to the high number of generated outputs, only a selection of these, useful to
highlight the most relevant findings for the simulated interventions in the two FLOTANT locations,
is presented in this report.
The first set of results, used to show the outputs set obtainable with Mermaid, refers to the
dynamic cable installation scenario in Gran Canaria. Figures Figure 16Figure 23 refer (in this
order) to the task workflow, Gantt chart, duration box whisker chart, duration exceedance chart,
cost box whisker chart, cost exceedance chart, progress burn up chart and weather windows
occurrence chart.

Figure 16. Task workflow of the dynamic cable installation scenario.

The task workflow provides an immediate overview of the schedule for the simulated intervention.
Interface task blocks are connected through arrows and used to show the operational
specifications of the intervention, such as duration, location of the work, environmental thresholds
and task suspendability.
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Figure 17. Gantt chart of the simulated dynamic cable installation scenario.

The Gantt chart shows how tasks progress against time in a more popular way in project
management.

Figure 18. 24 hours weather windows occurrence chart of the simulated dynamic cable installation scenario in
Gran Canaria site.

A preliminary indication on the accessibility of the offshore site and feasibility of the intervention
can be obtained by looking at the percentage of occurrence of weather windows with specified
duration and metocean limits. In Figure 18 the availability of 24-hours weather windows with wind,
wave and current limits simultaneously below those specified for the dynamic cable installation is
analysed for the Gran Canaria site. Here it can be seen how the lowest probability of occurrence
for this kind of weather window is expected in July, while the highest availability is between
September and December.
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Figure 19. Duration box whisker chart of the simulated dynamic cable installation scenario in Gran Canaria
site.

The duration box whisker chart shows an overview of the likely operation length in terms of max,
min, median, P25 and P75 values. The bottom horizontal line (at the base of the various bars, i.e.
around 2.1 days on the y-axis) shows the “unweathered” case, i.e. the operation length in case
metocean limits are not taken into account and thus there are no delays due to weather.
All operations were simulated as starting on the 26th of February, and then repeated every 30
days in order to obtain relevant statistics for each month of the year and compare the likelihood
of duration across different months. This allows for the obtainment of useful and sometimes
counterintuitive information about when it is best to start with the intended intervention. For
instance, as shown in Figure 19, the lowest average duration for the installation of the dynamic
cable in the Gran Canaria site is obtained in September and in the period between October and
December. Therefore, it is advised to start that operation at the beginning of autumn, with potential
delays until the early winter not causing excessive losses of time (then money). This would also
allow avoiding usually high vessels charter rates during summer months.
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Figure 20. Duration exceedance chart of the simulated dynamic cable installation scenario in Gran Canaria
site.

Similar information to that provided by the box whisker chart can be obtained by looking at the
duration exceedance chart, showing the probability of exceedance against the duration of the
operation for the different months of the year. This shows that, for instance, in July there is around
70% of probability that the operation takes more than two days (which also corresponds to the
unweathered case), while this probability decreases to around 20% in September. Or also that in
November the probability of exceeding 4 days of operation is lower than 5%, thus representing
an ideal month to perform the intervention.

Figure 21. Cost box whisker chart of the simulated dynamic cable installation scenario in Gran Canaria site.

The same results typologies obtained for the tasks duration can be visualized in terms of costs,
based on the parameters specified for vessel, fuel, crew and port fees. This gives a more direct
understanding of the economic implications of a choice over another during the operational
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planning of each activity. To be noted: while cost values are indicated in GBP in this and related
charts, these have been assumed and thus are to be intended as EUROS.

Figure 22. Cost exceedance chart of the simulated dynamic cable installation scenario in Gran Canaria site.

Also in this case it can be seen that the most favourable months, with a 20% or lower probability
of spending more than €100,000 for the whole operation (based on the assumed vessel costs)
are September and October. The unweathered case, i.e. the most optimistic scenario, is
associated with a base cost of just above €50,000.

Figure 23. Progress burn up chart of the simulated dynamic cable installation scenario in Gran Canaria site.

Finally, further indications can be obtained by looking at the probabilistic percentage of project
completion against time, as shown in the progress burn up chart in Figure 23. This shows that in
the best case scenario (unweathers or September) the intervention takes around 2 days, while in
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the worst case scenario (i.e. operation starting in July) the intervention is completed in
approximately 3.5 days. In this regard, it must be remembered that no suspendability of the
operation is allowed during the simulations.
The same results, especially for the comparative assessment between two or more scenarios,
can be obtained also for more complex installation and O&M procedures. For instance, the tasks
flowchart for the mooring and anchoring system installation scenario is shown in Figure 24, while
the other charts for cost, duration and progress burn up in Gran Canaria site are shown in Figure
25Figure 29

Figure 24. Task workflow of the mooring and anchoring system installation scenario.

Figure 25. Duration box whisker chart of the simulated mooring and anchoring systems installation scenario
in Gran Canaria site.
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Figure 26. Duration exceedance chart of the simulated mooring and anchoring systems installation scenario in
Gran Canaria site.

Figure 27. Cost box whisker chart of the simulated mooring and anchoring systems installation scenario in
Gran Canaria site.
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Figure 28. Cost exceedance chart of the simulated mooring and anchoring systems installation scenario in
Gran Canaria site.

Figure 29. Progress burn up chart of the simulated mooring and anchoring systems installation scenario in
Gran Canaria site.

Since the mooring and anchoring systems installation includes two sets of tasks (the first for the
installation of the anchoring system and mooring line pre-lay operations, while the second for the
mooring lines and platform hook-up) two different set of metocean conditions for weather windows
availability can be set and compared, as shown in Figure 30. Here, the dark blue line represents
the percentage occurrence of weather windows with the limits set for the mooring line hook-up
operations, while the light blue line is representative of the weather windows availability for the
mooring lines and platform hook-up.
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Figure 30. 24 hours weather windows occurrence chart of the simulated mooring and anchoring system
installation scenario in Gran Canaria site.

This can be compared against the same weather windows occurrence chart for the other
FLOTANT location, i.e. West of Barra, as shown in Figure 31, highlighting the very different
accessibility conditions between the two sites. Also in this case the dark blue line refers to the
limits set for the mooring line hook-up operations, while the light blue to the mooring lines and
platform hook-up.

Figure 31. 24 hours weather windows occurrence chart of the simulated mooring and anchoring system
installation scenario in West of Barra site.

The implications of these variations in accessibility and weather windows availability can be
visualised more in detail when the duration of the different operations is compared between the
two selected FLOTANT sites, as shown in Figure 32Figure 36. These figures compare the
durations of each simulated operation between the two sites (Gran Canaria and West of Barra)
in the following order: installation of the dynamic cable, installation of the mooring and anchoring
system, CTV minor intervention, HLV major intervention, and onshore O&M intervention.
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Figure 32. Comparison of the duration of the dynamic cable installation between the Gran Canaria (bars on
the left) and the West of Barra (bars on the right) sites.

Figure 33. Comparison of the duration of the anchoring and mooring system installation between the Gran
Canaria (bars on the left) and the West of Barra (bars on the right) sites.
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Figure 34. Comparison of the duration of a generic CTV minor intervention between the Gran Canaria (bars
on the left) and the West of Barra (bars on the right) sites.

Figure 35. Comparison of the duration of a generic HLV major intervention between the Gran Canaria (bars
on the left) and the West of Barra (bars on the right) sites.
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Figure 36. Comparison of the duration of a generic onshore (towing the device) major intervention between
the Gran Canaria and the West of Barra sites.

In these figures two main things can be noticed. Firstly, the West of Barra site causes a higher
expected duration across all months and for all the simulated operations. This is due to the
harsher environmental conditions, but also and especially to the much higher distance between
the farm location and the selected installation/O&M port. Secondly, that this difference increases
with the complexity of the operation, with the lowest differences for the minor O&M intervention
with CTV and the highest with the major intervention onshore with a combination of tugboats used
to tow the device to port and back to the offshore location.
Another observation is related to the length of the interventions at the West of Barra site. These,
differently from those at the Gran Canaria site, follow a more typical and expected trend, with
lower durations and variability during the late spring and summer months (April to August). In this
regard, it is noticeable the huge variability in the estimated duration of the intervention for the
months between August and December across all the simulated scenarios.
Despite the corresponding charts are not shown for simplicity, the results obtained for the
inspection with helicopter show that the duration is constant throughout the year for both sites,
and corresponds to the unweathered case (i.e. 26 hours for Gran Canaria and 28.5 hours for
West of Barra). This is due to the lack of restrictions on wave and current limits, as well as the
high wind limit (30m/s), imposed for the helicopter. Subsequently, also the cost of the intervention
is constant throughout the year, amounting at about €30,000 and €32,000 for the Gran Canaria
and the West of Barra sites respectively, hence significantly higher than the variable one obtained
with CTV. This remarks that:
i) the difference in distance between the two sites does not affect significantly this operation,
which is mainly regulated by the duration of the tasks (inspection and transit among
devices), and
ii) that while helicopter can provide a fast and low-risk solution for inspections and minor
interventions, their use should be restricted to extraordinary situations rather than ordinary
interventions in order to limit costs.
Two further comparisons can be made. The first is between the different generic O&M
interventions (Figure 37 Figure 38). These charts show and compare the durations of a generic
minor O&M intervention with CTV, a generic medium O&M intervention with FSV and a generic
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major O&M intervention with HLV at the same site.

Figure 37. Comparison in estimated duration among generic minor O&M intervention with CTV, generic
medium O&M intervention with FSV and generic major O&M intervention with HLV at the Gran Canaria site.

Figure 38. Comparison in estimated duration among generic minor O&M intervention with CTV, generic
medium O&M intervention with FSV and generic major O&M intervention with HLV at the West of Barra site.

In Figure 37 Figure 38 it can be seen how, at both locations, not only the estimated monthly
duration but also and especially the estimated variability (i.e. difference between max-min and
P75-P25 values) increases with the complexity of the intervention (i.e. from minor CTV to major
HLV operation). Besides, the same trends in seasonality previously observed for installation
procedures in the two sites can be noticed also in this representation in which O&M interventions
are considered.
The last comparison is between offshore (using an HLV) and onshore (tow-to-port, using
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tugboats) maintenance for a generic major intervention (with same expected duration for the
actual repair/replacement work). This is shown in Figure 39Figure 40, for the two locations.

Figure 39. Comparison in estimated duration between major O&M intervention offshore (with HLV) and
onshore (tow0to-port with tugboats) at the Gran Canaria site.

Figure 40. Comparison in estimated duration between major O&M intervention offshore (with HLV) and
onshore (tow-to-port with tugboats) at the West of Barra site.

In these charts it can be seen how the major intervention offshore (using the HLV) is generally
more time-consuming and subject to larger variability than the onshore intervention, across all
months and at both sites. This means that despite the larger times required to complete the
operation (i.e. tow the device to port, perform maintenance and tow the device back to the offshore
location), the higher capabilities of the tugboats in terms of metocean operative limits allow for a
quicker overall intervention.
These differences are visible in terms of length of the intervention, but become extremely relevant
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when the estimated costs linked to the two maintenance philosophies are looked at. Costs are in
the order of 120,000€ for onshore maintenance (considering the use of three tugboats), and in
the order of €2m for offshore maintenance (considering the use of one HLV) at the Gran Canaria
site. This difference increases to 600,000€ (onshore maintenance) against €4m (offshore
maintenance) at the West of Barra site. The reason for this significant variation between the two
maintenance strategies is due to the higher day rates and fuel expenses of the HLV, jointly to the
fact that all operations were simulated as non-suspendable. This means that any delay or waiting
time with the HLV generates significant expenses. This could be avoided if the tasks were
suspendable or a sheltered location could be considered for major maintenance.

6 CONCLUSIONS
As shown in this deliverable, a number of options exist for the marine management strategy of
floating wind farms. Developers need to account for each option at the early stage of project
development, as well as assess alternative approaches to maximise the value of their innovations.
A recurrent recommendation in literature is to carry out as many operations as possible onshore
to reduce the risks related to offshore interventions. This conclusion is supported by the
computational simulations shown in this work.
Due to the significant costs caused by the installation and O&M of a FLOW farm, the simulation
of marine interventions to quantify the impact of weather is fundamental. The expenditures
associated to these activities become especially important for technologies at long distances from
the shore or in novel environments, e.g. deep waters. These expenses constitute a relevant
portion of the final costs of the energy produced, and can often make the difference between a
viable and a not viable project. The risk and sensitivity characterisation of installation and
maintenance activities carried on in this deliverable demonstrated the benefits of detailed and
dedicated modelling activities. Similarly to economy of scale, standardisation in the marine
management strategies across wind farms would lower costs and accelerate operations.
In the cases considered in this deliverable, the nearest port that meets sufficient requirements for
all the installation and O&M procedures is chosen in order to minimise transit time and make the
most of available weather windows. Nonetheless, the site selected in Scotland (West of Barra) is
at a long distance from installation and O&M ports with sufficient infrastructure. This cause longer
transit times and lower weather windows availability, with consequent increased costs. However,
if the West of Barra project is assumed to happen, it is necessary to assume also that a closer
O&M base will be built, or an existing small harbour will be improved with sufficient infrastructure,
to accommodate at least the requirements for inspections and minor interventions. This
assumption is needed to mitigate both the economic and environmental impacts caused by a
distant port. In this case, it is reasonable to assume that the port will be located at the shortest
possible distance from the wind farm location, i.e. approximately 20km. This issue is mitigated in
the case of the Spanish site, in Gran Canaria, where the relatively short distance (also ~20km)
from a port with suitable infrastructure reduces the constraints for offshore operations. Thus, in
case a close O&M port is assumed for the West of Barra site, the only difference between the two
sites will be dictated by the different climate. Anyway, suitable alternatives in terms of sheltered
locations, upgraded infrastructure and improved assets are suggested and deemed worth of
investment in both cases.
The computational aided simulation of typical marine operations permitted to identify the main
features and limiting factors of FLOTANT selected locations. An important limitation of this
modelling work is that the limitations are applied only to the maintenance assets (e.g. vessels),
but the motions of the FLOW turbines are not taken into account. For this reason, further
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constraints on nacelle tilt angles and accelerations should be added according to values currently
provided in literature. In this regard, a distinction between farm accessibility with respect to
vessels transit and device accessibility with respect to technicians transfer has to be made.
A sensitivity analysis could be performed by varying one or more of the parameters (e/g/ number
of devices, metocean limits, task durations) during the simulations in Mermaid, in order to
compare different options and refine the assets management and operational strategy choices.
A last observation about the above interventions schedules is that these represent typical
procedures for floating devices, but only in part specific to FLOTANT. This means that despite
the operations have been simulated according to the distances and climates reflecting FLOTANT
chosen locations (Gran Canaria and West of Barra) limited aspects of FLOTANT innovative
components are currently reflected in the proposed tables. As such, these operations can be resimulated including more FLOTANT-specific aspects in order to assess the comparison against
a traditional set of O&M interventions. These specific aspects may include:
-

-

Refined estimations for disconnection/reconnection activities according to FLOTANT
hang-off system;
Refined estimations for mobilisation and demobilisation phases according to FLOTANT
components (and spare parts) weight and size, including vessel equipment (e.g.
LARS/cranes);
Refined estimations for tasks duration according to FLOTANT repair/replacement
strategies.

In this regard, it is expected that more marked differences (between a generic and FLOTANT
device) will be seen with the installation and removal procedures, due to the unique features of
FLOTANT components.
In addition, the simulation of individual marine interventions will be integrated with that of strategic
lifecycle characterisation, as documented in the deliverable D6.4 - Proactive maintenance
strategies based on failure prognostics, constituting a major step forward in the development of
holistic O&M strategies for FLOW farms. This approach has a significant impact on the path
towards cost reduction of offshore renewable energy, and an even bigger one on novel
technologies like floating wind turbines.
A last aspect to mention is that only existing methods and procedures have been taken into
account for the marine management strategy of FLOTANT projects. However, the analysis of
future trends in deploying and maintaining floating wind devices clearly indicates an increased
use of digital assets, automated servicing and autonomous systems. Thus a revised strategy for
the offshore operations should be produced once these innovative assets reach commercial
stage.
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