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28 years In offshore wind

« Working in offshore T e
wind since 1991 ¢

Supporting wind farms
in Europe, America and
around the World

R&D led approach to
improve wind farm
projects
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28 years In offshore wind
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Offshore Wind Project Lifecycle
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decommissioning
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Source: The Crown Estate
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Typical Wind Farm
Service Requirements

maALQ ance
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Meteorological and Oceanograpic Data - Metocean Data

 Wind

« Waves
 Water levels
« Currents

 Seaice, marine growth, other oceanographic
parameters
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Meteorological and Oceanographic Data - Metocean Data

* Metocean data available as:
Measurements
Numerical model data
* Hindcast
* Forecast
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Why Is it important?

Wind Turbine
Standards

[

IEC61400-1
IEC61400-3
IEC61400-22

Substructure
and
Foundation
Standards

API Series 2

| 1SO Series 19900
| BSH 2007

Guidelines by ABS,
BV, DNV, GL




Innovation No.1
On Demand Access to Metocean data




Metocean Data Portal

&9

Instant access to
worldwide Metocean
data
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Data from high-
resolution local or
regional models, to

global coverage

datasets

&

On-demand
calculations of
commonly requested
analytics

@,

Continuously-
improving Metocean
data
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DHI pioneered metocean down-scale modelling

Global scale

Local scale I
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Data on-demand or via an API

Y Metocean Data Portal
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On-demand data and analytics globally
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http://www.metocean-on-demand.com/

25

Metherlands Enterprise Agency
http://offshorewind.rvo.nl/
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“We challenged DHI to provide a world-class
metocean database to allow developers to optimise
their designs in the tender stage.

DHI exceeded our expectations.”

Ben de Sonneville, Senior Consultant, BLIX Consultancy BV, On behalf of the
client RvVO.nl
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pH" Metocean Data Portal ABOUT QUICKTOUR PRICING 49 W LOGIN/REGISTER
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On-demand data and analytics globally
UPLOAD SHAPEFILE
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reaking News: Japan & South Korea Coverage Extended
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Innovation No.2
Moving away from “Parameters”




Typical list of parameters for waves

Item Description Parameter Unit Notes

1 Sign. Wave Height Significant wave height meter

2 Peak Wave Period Wave period second

3 Wave Period, TO1 Wave period second

4 Wave Period, T02 Wave period second TO2 ~ Tz, where Tz is the mean crossing period

5 Mean Wave Direction Mean Wave Direction degree defined with respect to true North (coming from)

6 Dir. Stand. Deviation Directional Std. Dev  degree

7 Sign. Wave Height, w Significant wave heightmeter wind-sea partition of sea state

8 Peak Wave Period, w Wave period second wind-sea partition of sea state

9 Wave Period, TO1, w Wave period second wind-sea partition of sea state

10 Wave Period, T02, w Wave period second TO2 ~ Tz, where Tz is the mean crossing period, wind-sea partition of sea state

11 Mean Wave Direction, w Mean Wave Direction degree defined with respect to true North (coming from), wind-sea partition of sea state
12 Dir. Stand. Deviation, w Directional Std. Deviation degree wind-sea partition of sea state

13 Sign. Wave Height, s  Significant wave heightmeter swell partition of sea state

14 Peak Wave Period, s Wave period second swell partition of sea state

15 Wave Period, T01,s Wave period second swell partition of sea state

16 Wave Period, T02, s Wave period second TO2 ~ Tz, where Tz is the mean crossing period, swell partition of sea state

17 Mean Wave Direction, s Mean Wave Direction degree defined with respect to true North (coming from), swell partition of sea state
18 Dir. Stand. Deviation, sDirectional Std Dev  degree swell partition of sea state

19 Surface elevation Surface Elevation meter relative to mean-sea-level

20 Wind speed Wind speed m/s CFSR modelled wind speed at 10m above mean-sea-level

21 Wind direction Wind Direction degree CFSR modelled wind speed at 10m above mean-sea-level, defined with respect to true North (coming
from)
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Typical list of parameters m
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Spectrum from spectral wave model
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Process tree for interaction between specialisms

S peCtraI « Lots of detail on air/sea interaction and growth of waves at
Wave Model short timescales (15mins)

Derivation of « Loss of full resolution of the sea state
Parameters « Subject to assumptions on seperation
Production of
Parameters « Total sea state, Wind Sea and Swell
__: as text files
. * Re- tituti
Ingestion to | of separate
1 aspects into a
Design Codes | aspects |
1. Extremes |. Application
2. Normal to structural
conditions design

Designers Dﬁ

Metocean Specialists
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IEC 61400-3-1

6.4.4.2 Assessment of normal wave conditions

There is no requirement for assessment of site-specific wave spectra and directional
spreading and the standard formulations provided in ISO 19901-1 may be assumed. Where
appropriate and reliable measurements exist, site-specific wave spectra and the directional

spreading function may, however, be assessed as the basis of design and/or design
verification of an offshore wind turbine.
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Modelled Spectra Measured Spectra
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Innovation No. 3

Advanced Extremes
J-EVA
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Advanced Extremes Analysis
DHI J-EVA
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Directional-seasonal extreme value analysis of North Sea storm conditions

© DHI Hans Fabricius Hansen, David Randell, Allan Rod Zeeberg, Philip Jonathan DHI )




Advanced Extremes Analysis
DHI J-EVA
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« Dealing with the tail of a 5 S e
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Advanced Extremes Analysis
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Innovation No. 4
Making more of data




Typical Wind Farm
Service Requirements

&

Agreement
for Lease

Decom /

repowering Development

WIND FARM
INFRASTRUCTURE

Operation &

. Installation
maintenance stallatio
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The art of staying still....
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Forecasting for Installation and Operation

Metocean prediction (wind, currents, waves)
« Vessel characteristics

« Requirements and thresholds for operations

* Informed decision on
— Location
- Timing
- Equipment and vessel requirements
- Man-time




London Array

TRIAXYS wave buoy
UHF & satellite transmitter

Smarter data.

Navigation light
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onsidered solutions
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onsidered solutions

oA

StormGeo

Home Primary Forecasts v Daily Lightning Assesment

Primary1_Knock Deep North ~ Ensemble Waves ~

Primary1_Knock Deep North : Ensemble Probability Forecast
0400 forecast issued at 0317 UTC
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Sunrise
056:44 UTC

WED 02110
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Waterforecast by DHI

onsidered solutions =~ -

DHID

London Array Ltd. APl Documentation

The HTTP API is read-only and have these methods.

* Stations - /1al/stations
« Variables - /lal/variables/{station}
« Timeseries data - All vaniables /Lal/values/{staticn}

« Timeseries data - Selected variable /Lal/values/{station}/{variable}

Stations

A10

Variables

Sign. Wave Height (Hm0/Hs) - Total

Timeseries data
Datetime is formatted according to the SO 2601 standard e.g. 2019-09-25T10:08:30.099Z

Chart

0.5

JSON

24 Sep
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12:00

25 Sep

12:00

26.5ep

12:00

Al10

27 Sep

12:00

28 Sep

12:00

29.Sep

12:00

30. Sep

“station™: {

1.45765,

“latitude": 51.578557

3

“forecastrd”

'Sign. Wave Height (Hme/Hs) - Total",
m",
"forecastids™: [

"2019-89-25T88:6@: 882",
“start": "2019-89-

24T@0:30:082",

"end": "2819-89-28T12:80:00I"

“forecastId": "2@19-29-24T12:88:881",
“start": "2019-83-

28712

:@81",

"end": "2019-89-3@T12:e@:087"

"2019-89-24T80: 28
a.97

"2019-89-24T01:08
8.94

"20819-83-24T@1:38
@.91

"2019-89-24T82: 08
a.89

"2019-89-24T82:2@
8.83

"2819-89-24T83:00
a.94

"20819-83-24T03:280
1

"2019-89-24T84: 08
l.e4

H:-

H: : rig

:eez",

H:-

188",

188",

:eez",

H:lra
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Considered solutions
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Thank you for your attention ...
nje@dhigroup.com

DA

© DHI #42



