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Objectives:
1. Optimize and qualify to TRL of 5, two (2) innovative substructures designs for 10MW turbines
2. Develop a streamlined and KPI based methodology for the evaluation and qualification 

process of floating substrucures

Focus:

• Floating wind turbines installed in water depths from 50m to 200m
• Offshore wind farms of large wind turbines (10MW) – identified to be the most 

effective way of reducing cost of energy in short term
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First stage: 
- Concepts design and upscaling
- Concept evaluation

Project approach
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First stage: 
- Concepts design and upscaling
- Concept evaluation

Project approach

Second stage:  
- Numerical modelling and experiments; 
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Project approach

First stage: 
- Concepts design and upscaling
- Concept evaluation

Second stage:  
- Numerical modelling and experiments; 
- Concept optimization
- Recommended practice and guidelines
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Project development and results: first stage
First stage of the project focused on concepts design & 
evaluation…
• Definition of the Design Basis for the concepts design:

• Wind Turbine reference model
• Identification of three sites 
• Design requirements and load cases – DLCs

 

DTU 10MW Reference Wind Turbine
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Project development and results: first stage
First stage of the project focused on concepts design & 
evaluation…
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Project development and results: first stage
First stage of the project focused on concepts design & 
evaluation…
• Definition of the Design Basis for the concepts design:

• Wind Turbine reference model
• Identification of three sites 
• Design requirements and load cases – DLCs

• Definition of the framework for the concept assessment:
• Scope and development of the tools for the LCOE, LCA and risk 

analysis evaluation
• Agreement on the evaluation procedure

• Concepts design
• Sizing and structural design, mooring design, aero-hydrodynamic 

simulations
• Adaptation of the WT controller
• Analysis of marine operations, including manufacturing strategy

Design
Basis

•Met-ocean condictions - DLCs
•Wind Turbine model, including WTG controller
• Standards
•Design restrictions and assumptions

SW 
becnhmark

•Definition of the benchmark: Load Cases
•Comparison of model results

Design
Briefs

•Review of the design procedures
•Qualitative assessment of the modelling approach 

Concepts
Design

• Design for the three sites
• Concept Developer provide figures: KPI, LCOE, LCA
• Evaluation Comittee review results and provide feedback
• Design summary collected in D1.3 to D1.5 deliverables
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Workshop hosted by IREC in Barcelona, 08-10 March 2017.
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Workshop hosted by IREC in Barcelona, 08-10 March 2017.



END OF STAGE 1 …
… START OF STAGE 2
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- Experimental and numerical investigation
- Concept optimization
- Recommended practice and guidelines

- Concept design
- Concept assessment



Public models
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Public definition of selected floater concepts for the 10MW 
DTU wind turbine

• Public deliverable with the description of NAUTILUS 
steel semisubmersible and Olav Olsen concrete 
semisubmersible models for a 10MW wind turbine.

• FAST numerical models available on the project web 
site and DTU’s repository. 
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Wave tank experiments

Load cases for the experiments.
• inclining tests,
• pullout tests,
• decay tests,
• pink noise (white noise) wave spectrum tests and 

regular wave,
• wind only tests,
• irregular wave tests, with/without wind, with/without 

current.

First step: scale models (1:36) preparation for Olav Olsen’s OOstar and NAUTILUS semisubmersible concepts.
Numerical model adaptation for the Real-Time Hybrid Model testing (ReaTHM® testing) to generate realistic and controlled 
aerodynamic loads.
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Experiments preparation
Wave Tank

Develop Real-Time Hybrid Model testing (Hardware in the Loop) 
for floating wind turbines:

• Controlled environment
• Flexibility
• Overcome Froude-Reynolds scaling issues

SINTEF Ocean

Physical model in ocean 
basin with physical waves 
coupled in real-time to 
aerodynamics simulations 
(FAST). 

The aero loads are applied on 
the model by use of 
actuators and the position of 
the model is measured in the 
basin and used as input to 
the numerical simulations. 



Ocean Basin Tests
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Ocean Basin Tests
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Experiments preparation

Wind Tunnel

Physical wind and wind turbine connected 
in real time to numerical hydrodynamic 
simulator. 

A 6DOF robot at the tower base imposes 
the simulated platform motions. The 
loads at base of tower measured in the 
wind tunnel are used as input to the 
numerical simulations. The output of the 
simulations is the floater position.



Wind tunnel tests
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Numerical modelling

Research on advanced numerical modelling. 



22

Numerical modelling

• Modelling of floater flexibility and second order forcing

• Hydrodynamic CFD analysis

• QuLAF accelerated frequency domain model
• Accelerated model is ~1500 times faster 

than mother model
Validation of numerical models with experimental results.
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Design Practices

The aim it to develop recommended practices for FOWT design based on the state of the art and the 
project achievements in the design, modelling and experimental validation of the concepts.
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Design Practices
Several activities focused on the development of design practices for FOWT

• Framework for LCOE, Uncertainty and risk 
consideration during design

• Identification of critical environmental condition and 
design loads cases

• Required numerical model fidelity and critical design 
load cases in various design

• Guidance on platform and mooring line selection, 
installation and marine operations

In preparation:
• Guidance and recommended methods for experimental 

testing
• Recommendation for platform design under 

consideration of O&M, logistics, manufacturing and 
decommissioning
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Next steps

• Industrialization, concepts design optimization and LCOE, LCA figures update

• Final project workshop to present the results during WindEurope 2019 conference 
(2-4 April 2019, Bilbao)

Workability study for FOWT O&M
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Summary of results and dissemination

68 deliverables, 39 of them being public, including numerical models 
of the two selected floaters and DTU’s 10 MW wind turbine. Public 
deliverables available on the project web site.
More than 80 dissemination activities carried out so far including:
• Posters and presentations in conferences
• Articles in different types of journals
• Project newsletter on the web site
• Workshop to present project results –wave tank-
• Press releases
• Youtube video
• … and much more coming soon!!

www.lifes50plus.eu



The research leading to these results has received funding from the European Union Horizon2020 programme
under the agreement H2020-LCE-2014-1-640741.
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THANK YOU!
www.lifes50plus.eu

http://www.lifes50plus.eu/
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