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Content

* Introduction

» Mitigation strategy using turbine control based on nowcasting of rain
* Long-term monitoring to estimate blade lifetime and repair need

« Conclusions
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Erosion safe mode operation

RPM

Rounds per minute
(blade tip speed) iy e .

Courtesy: Jakob listed Bech time
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Technologies for nowcasting rain

Source: NASA;_

Source: DMI-—

Time scale

v

Length scale
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Technologies for nowcasting rain

Source: NASA;_

Source: DMI-—

Time scale
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Technical implementation

Micro Rain Radar
at the nacelle

N /
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Technical implementation

Erosion
indicator
coating on
leading edges

Inspection
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A priori knowledge

VN-curve of the
indicator
coating.

Testing is done
in Rain Erosion

Tester (RET).
NI /
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Erosion-safe mode demonstration campaign

Erosion safe operation Standard operation

Aim is to compare:

e Erosion rate

 Cost model (profit)

Bech et al. 2018 Wind Energy Science
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Aberdeen Bay Wind Farm

Aber ieen+Bay Wind Fai m
CAberdeen
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2019-12-13 17:00-18.00 UTC
|

Micro Rain Radar from METEK
¢ - \l Raindrop detected
Altitude 4 ‘l/
®
O
O
O Raindrop i
.|/ b
1. i
t 1 . Time ',;é |

Time span to react

Tilg et al. 2021

17:00

Tilg et al. (2020) | 17:34 17:36
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Challenges

To install Micro Rain Radar

To paint the blades

To monitor regularly

To make the control settings without knowing the rain and winds well

The exciting part is to overcome all the challenges and demonstrate erosion safe mode

13
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Long-term rain monitoring for leading edge erosion

“ .

Numerical Weather Prediction
(model)

Time scale

oto: Anna-Ma ';QjT._'f'Jg

Source: DMI

v

Length scale
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Rain ‘magnified’

Annual rain amount at 0.7 m
- ) Tip speed of the blades at 90 m/s

JIQSIp A . v Y Assume the turbine is at rated speed.

Summary
Rain data are ‘magnified’ by turbines so
good accuracy is required!

Hasager et al. 2021, in Book chapter
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Disdrometer data from DTU

https://www.rain-erosion.dk/publication

Data from seven disdrometers, Open Access

* Risg - on the ground next to the tall met mast
* Risg - on the top of the tall met mast

* Ris@ - on the ground next to the V52 met mast
* Rgdsand - offshore wind farm

» Horns Rev 3 - offshore wind farm

» Hvide Sande - DMI station

* Thyborgn - DMI station

* Voulund - DMI station

Parsivel® disdrometer

 Tilg and Hasager, 2021, DOI links to raw and Quality Controlled data
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= Wind and rain data
5 o
ocation Nf“mbe“ 10-minute wind speed
Aalborg - ye::_Q 10-minute rain rate
Anholt 17.9 Quality control
Arkona 28.2
o =2 Alltime series are > 13 years
Bremen 28.2
Fehmarn 236 (except at two stations)
Grosser Arber 21.9 North Sea
Hammerodde 18.3
Helgoland 23.0
Hvide Sande 18.0
Karup 16.9 O e
List 241 «é]
Seehausen 28.2 ’f_
Skagen 18.0
Thyborgn 18.0 : sf:
Utsira 33
Vindebak 13.6
Weybourne 2.6

Hasager et al. 2021 Energies
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Erosion-safe mode -« | u:

W

/nnovation Fund Denmark
Precipitation and wind

conditions
Erosion rate including Erosion-safe turbine
damage modelling operation

<~ <~

Revenue optimisation
including repair

Hasager et al. 2020 Renewable Energy
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Profit for ideal blades and for erosio

Assume cost of electricity at Euro 0.05 per kWh, 20k Euro each repair and six days downtime for repair

3,5
3,0
2,5
=y
<20
=
S 15
on
1,0
0,0 | I
AT - T« S« S . e N 2 & Q EP N
OO & 0@ & W& \:i*{\ ®° F *er\ &J‘ ﬁ} ,2;‘9 @‘a’ & &
?ﬁ‘c;b%{-&oqg N 8 + @Q?\(@
RPN & & (S @ ¥ e g &£
N \33 o9
6}
Morth Sea ldeal W Baltic Sea Ideal Inland Ideal
B North Sea ESM W Baltic Sea ESM B Inland ESM
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= Profit for ideal blades and for erosio
Assume cost of electricity at Euro 0.05 per kWh, 20k Euro each repair and six days downtime for repair
3,5 g
-
Average 3,0 7
. . c
potential profit 2,5 O
using erosion- X505 5
safe mode is £ 15 5
70 % 5 O
1,0 —
@)
0,5 =
The last 30 % ‘ W || ‘ ‘ ‘ | ‘ ‘
can Only be o 2 S SR o SRS e & 2 & 0 ) S
. . . I ~ L
obtained with NS L & T & E ' F ) &%,\&‘ @@Q O & F
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Blade lifetime
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Lifetime (years)
O

g |
2
O I; 0 -
O
1 72 73 74 75 FJ6 77 78 79 80 81 82 83 84 B85 86
Ideal AEP (GWh)

References is 18 year’s data at Hvide Sande from 2002 to 2019

Hasager et al. 2021 Energies
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Global Precipitation Mission (GPM) satellite

» Global coverage
» Grid resolution 25 km
» Data every 30 minutes
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Global Precipitation Mission (GMP) and erosion
AB-HHR.MS.MRG.3IMERG.20 15041 5-S0400 ESA 51 u1-AFr'2n15 18:27:44
41°M ; = .:'E E
30.00° I ) E E
Rain intensity Ocean surface winds
Integrated Multi-satellitE Retrievals for GPM (IMERG) SAR winds from Sentinel-1 from DTU
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= Artificial Intelligence correlation: Blade erosion vs.
Numerical Weather Prediction
Representing weather in stratified format
Spearman's correlation coefficient
5750 l . — * Correlation between damage
0.8 progression and number of hours
above threshold
o * High correlation for high wind speeds
in combination with rain
* Mesoscale weather model does not
s e - consider wake effects, blockage, etc.
WESC 2021 Conference” o T hl o)

Madsen et al. 2021
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Conclusions

— Nowcasting for erosion safe mode operation demonstration is in progress
« Eventually wind farm control strategy is necessary

— Meteorological instrument technologies to be further developed and tested

— Long-term rain erosion risk mapping need further validation, e.g. using novel rain
erosion test results (Bech et al. 2022, submitted) and meteorological data analysis
including satellite data

— Repair recommendation based on meteorological data and blade erosion data using Al
Is established

Thursday, 20 January
2022
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