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1. Objectives of this Presentatiorr The version

The development of offshore wind farms requires detailed evaluations of wind, sea state, currents, and water level conditions, along with other
environmental variables. Despite their interdependence, wind resource and metocean studies are often treated as separate disciplines, carried
out by distinct specialists. Yield analysts focus on hub-height wind speeds, often disregarding surface wind and sea state, while metocean
experts prioritize surface winds, waves, and currents, with limited attention to the atmospheric boundary layer (ABL)and its influence on turbine
behaviourand designload effects.

Technically, wind across the ABL, sea state, and currents are deeply interlinked. Atmospheric stability affects wind-wave correlations and
turbulence, and the relative importance of wind-sea and swell waves. Everyoffshore site presents a unique combination of these phenomena.
Accurate characterization of these interactions through measurements and models is essential, yet there are currently no practical guidelines for
aligningwind resource and metocean studies. Thisdisconnect can lead to inefficiencies and uncertainties in yield predictions, fatigue load effect
assessments, support structure designrisk and project planning.

Toaddressthis, C2Wind will analyse, severalmethods in addressingthe metocean conditions for design:
U Total sea state assumingno variation of stability conditions
U Separation of wind sea and swell through 2D spectral Hindcast data assuming no variation of stability conditions

U Separation of wind sea and swell through 2D spectral combined with atmospheric stability and account for the coherent ambient
turbulence and wind shear.

Thethree levels of analysis complexity will be analysed and through integrated load analysis using a 15 MW generic turbine model the impact on
designwill be addressed. Theconclusions and impact on assessingand improving alignment between wind resource and metocean studies will
be outlined. C2Wind will provide a structured approach for integrating the mentioned disciplines across key phases of project development,
including measurement campaigns, modelling efforts and investment cost compared to the designrisk and added steel costs.

The above will be done using real-world examples from the North Sea C2Wind will illustrate how these different approaches by evaluating the
same metocean parameters will affect the Fatigueloads and support structure design.
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1. Objectives of this Presentatiornr the version

What will | learn from his
Presentation ?

&

Whatto tell my
colleagues?

%

What is the main
takeaway?

Impact of metocean conditions characterisation on support structure fatigue loads
and design

1 Wind sea / Swell separation + atmospheric stability (Southern North Sea)

Using Total Sea State is insufficient.
Separation of Wind sea and Swell is a more correct approach.

Southern North Sea example shows significant load and tonnage reduction.

Considering Wind sea and Swell + atmospheric stability reduces support
structure cost s.
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2. Setting the scene on
Metocean data and different
analysis approaches

In the following slides, a detailed overview of
each of the hindcast data and modelling
assumptions to be applied in Integrated Load
Analysiswill be outlined.




2. Setting the scene on Metocean data and different analysis approaches

Case from IJmuiden Ver (Dutch Offshore Wind Farm Zone).
A Metocean andgeotech. publicly available from RVO
A Stability assessment based on ERA5

:

Analysis point

U The problem:
A Obtaining a unique combination of {WS,,, H,.. T, }

U Solutions withincreasing complexity:

A Total seastate assuming no variation of stability
conditions.

A Separation of wind sea and swell through 2D spectral
Hindcast data assuming no variation of stability
conditions.

A Separation of wind sea and swell through 2D spectral
combined with atmospheric stability —and account for
the coherent ambient turbulence and wind shearr.

240° b : A 200
3 RS oy
210° : 5 150°
m .
C2Wind ApS| Vesterballevej5 | 7000 Fredericia| Denmark




2. Setting the scene on Metocean data and different analysis approaches

For every hourly timestamp, WindSea and Swell components

are constructed* from the directional spectra.
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*using a modified wave-age criterion
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2. Setting the scene on Metocean data and different analysis approaches

Total sea state Wind Sea and Swell Atmospheric stability classes
Total Sea State 35 1104 T \ T T
[ stable (12.4%)
neutral (43.7%)
25 N unstable (43.9%)

Occurence freq. [-]

270°

I 1 1
1 08 06 -04 -02 0 02 04 06 08 1
10m /L []

Unstable : small wind shear

180°

Stable: Largewind shear + veer

(using Obukhovlenght L)
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2. Setting the scene on Metocean data and different analysis approaches

Total sea state
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V Swellremains uncorrelated
with local wind conditions

C2WIND,
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wind
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Swell T 3 stability classes
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Examplesof NSScharacterisation on 2 (out of 12directional sectors
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2. Setting the scene on Metocean data and different analysis approaches

Total sea state Wind-Sea Wind Sea + 3 stability classes
Unrealistic mean wavedirections Mean WindSeawave No significant effect of
lead to verylarge scatter of components are well correlated atmospheric stability on

misalignment with local wind direction misalignment for this site.
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