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Aim

Cost optimization of the offshore wind turbine mooring
and cable systems
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Configuration Design and Cost Drivers

Configuration Drivers |Mooring System Cabling System

Floater Type
Connection points
Metocean conditions
Excursion limitations
Water depth

Marine Growth
Fatigue

Bend / Torsion Limits
Peak Loading
Clashing Avoidance
Seabed Movement
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Cost of Installation
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Optimizing Systems — Mooring Configuration

Mooring configuration a complex trade-off, considering:

* Platform dynamics / associated turbine cost

* Complexity and costs of the anchoring system
* Environmental loading, marine growth, water depth

 Standard compliance and integrity of design

Catenary Mooring Taut Mooring
* Long Steel Chains or Wires e Synthetic Fibres or Wire s — R
* Impact to marine life * Lower impact to marine life i J
chain near / resting on seabed (lower footprint / seabed disruption) JL
e Lower Anchor Costs. * Large Anchor Costs as Higher Loads. P L&
e Larger Horizontal Movement e Limited Horizontal Movement
COST DRIVER TO DESIGN IS PRIMARILY MATERIAL COST OF MOORING COMPONENTS
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Mooring Design Process

STATION KEEPING DESIGN

Design Basis
Design Brief

Soil Geotechnical
data Global Performance and Mooring design methodology

Environmental
Conditions Sizing functional requirements

Dynamic
Transport, and

Redundancy

Philosophy /

Consequence
class

Dynamic Cable

Marine Growth constraints

Corrosion
protection

Fatigue analysis Philosoph
Philosophy
Ultimate load

Installation
Philosophy

Water Depth

Iterations
Compliance with requirements

DLC
Definition

GLOBAL PERFORMANCE — STATION KEEPING

Loads iteration Loop

Floating wind turbine model preparation and calibration

Staticanalyses / Configuration screening

CAPEX ESTIMATION

Quasi dynamic Analyses / Frequency domain analyses (ULS / ALS)

Time domain analyses (ULS / ALS)

Fatigue analyses (FLS)
OPB and IPB to be accounted for where appliable

Iterations _ : ]
Compliance with requirements

STATION KEEPING DESIGN FINALIZATION

Material Ancillaries / Risk
Selection Connection elements Assessment

Manufacturing, Transport, and Installation

Specifications

Reporting - drawings
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Cable Design Process

* Electrical parameters
* Current loading
* \oltage

* Losses and ratings optimisation

* Mechanical parameters
* Torque balance
* Tensile capacity
* Bending resilience

e Material selection

* Design life qualification
* Dynamic performance
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Optimizing Systems — Cable Configuration

Cable configuration a complex trade-off considering:
 System complexity and variation

* Platform excursions

 Water depth

 Environmental loading, marine growth
 Standard compliance and integrity of design

COST DRIVER TO CABLE CONFIGURATION IS PRIMARILY ANCILLARY HARDWARE COSTS
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Cable Configuration Design Process

e Static configuration

Wave Turbme Device

* Dynamic length —

* Positioning of buoyancy '
* Tether requirements

« ULS / ALS analysis & —
Cable J-Tube Fixity Insufficient System Pliability /
* [nterference analysis Sl

* Fatigue assessment = e
e Confirm ' <wwm
* Cable design / G
* Dynamic configuration cas =
* Ancillary hardware costs &mémdsmﬁ
28
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Mooring Desigh Optimization

corewind

e Environmental conditions

FAST model offclio e | © Mooring configuration
definition definition (Number of Lines, Materials,

Isight “

Optimization

e Objective: minimize costs

e Constraints: criteria satisfied
& limited
motions/acceleration

e Design parameters
(diameters, line length, steel
grade, etc.)

Python
interface

Number of Sections, etc.)

sigh del e Parameters configuration
>15 ,t Mo .e n (Boundaries, Initial Values,
configuration s

Orcaflex
simulation

Model set up

Design criteria verification
Motions (excursions &
angles) & accelerations
calculations

Costs estimation

|

FAST simulation
A
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Mooring & Cable Design Optimization

e Environmental conditions

FAST model Orcaflex model * Mooring configuration
definition definition (Number of Lines, Materials,

Number of Sections, etc.)
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Optimization for Commercial Scale FOWF

* Optimisation of mooring and cable to reduce system cost
* Larger mooring offset will increase cable ancillaries cost
* Will be influenced by site and project requirements

* Considerations for commercial scale:
* Economies of scale / standardisation
* Shared systems e.g. anchoring, connection points
* |nnovations in materials and design philosophies

* And beyond...

* Larger turbines; deeper waters; bigger challenges
* Higher voltage dynamic cables
* |nnovative mooring and hardware solutions
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Thanks for your attention
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