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Outline
.. of this presentation

Introduction / Motivation

= Setup of NEMO measurement campaign

= Qverview of collected data

= Evaluation of Dual Scanning Lidar (DSL) performance
= |nstrument performance during storm FLORIS

=  Conclusions / Outlook
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Introduction / Motivation
Measuring and validating offshore wind conditions

= Floating (top) versus
scanning (bottom) lidar ...
considering distance to
shore, water depth, data
availability and accuracy (?)

T Wind Energy

OFFSHORE WIND RESOURCE MAP @ worwoemnkorove T ESMAP 22T, @ vorTEx

MEAN WIND SPEED

Global Wind Atlas
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© Fraunhofer s oldbaum  ZZ Fraunhofer

IWES


https://globalwindatlas.info/en/download/high-resolution-maps/OFFSHORE

Setup of NEMO* measurement campaign
Dual Scanning Lidar (DSL)

Blyth Test Site

Base map and

©

£

OpenStreetMap and
OpenStreetMap
Foundation (CC-BY-SA).

https://www.openstreetmap.org
land contributors.

data from

s = 3 Windcube Scan (400S) devices >
E Ee = North site: Galerne (#1071), Audra (#319)
0 Eaes = South site: Marin (#1072)
0 50 100m e o
.

> 48
""" / +WTC 7
~ S > D’/ -I_WTGs
Vit SN o U
Lfgﬂlld +WTG 10
North Site
O South Site . . . . . i
© DS Recon Point o . . Scanning lidar in pairs as Dual-Scanning Lidar (DSL) at C-Test
e N ——— (Centre for the Testing of Environmental Sciences Technology),
© FLS Test Location -1480 -1.440 -1.400 -1.860 pointing at NOAH
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Setup of NEMO measurement campaign
Dual Scanning Lidar (DSL)

Blyth Test Site

Base map and data from
OpenStreetMap and
OpenStreetMap
Foundation (CC-BY-SA).
©

https://www.openstreetmap.org
and contributors.

--g_ Y Ll‘
L R

LUNEERE
IIIHS'

CHUNRNE B L

|1

1

@ North Site

O South Site . . . . . )
© DSL Recon Point , Scanning lidar in pairs as Dual-Scanning Lidar (DSL) at C-Test

.?. ?frﬁ;/:RECOMM ’ (Centre for the Testing of Environmental Sciences Technology),

o FLS Test Location : fo : pointing at NOAH
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Setup of NEMO measurement campaign
Reference instrumentation at NOAH met mast incl. two Vertical Profiling Lidars (VPL)

Blyth Test Site

Base map and data from
OpenStreetMap and FLS 1
OpenStreetMap L4

Foundation (CC-BY-SA). ofLs2
©
https://www.openstreetmap.org S A
J Fl 2
land contributors.
= . LSS

s ® 4 Gty \
= 0 50 100m Ty

@ North Site N +
O South Site )
@ DSL Recon Point
A NOAH/OREC OMM

W p NOAH (National Offshore Anemometry Hub) met mast / test site
* FLS Test Location hso 10 koo 1360 with two fixed lidars on platform
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Overview of collected data

E'D | 1 1 1
ERAS (hourly data)
SREERLRERY NOAH met mast / top cup anemometer (10-min data)
25 DLS Audra-Marin Phase 1 (10-min data) -
n DLS Audra-Marin Phase 2 (10-min data)
£ DSL Audra-Galerne Phase 1 {10-min data)
g : ]
[ , &
= -
115 i
3 I
§o : BN -
ﬂE-JJ_ : [| :l : I ] i “ :
@ 10 T | R 1
o R T Y
= i B PR lETR R b R E
5 3t e it
i 'l i;!i' ! | -k
'D | i |
Aug Sep
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Evaluation of DSL performance ()
Pair #1, Phase 1

—
25 ' '
Galerne-Marin Phase 1
filtered 10-min data (# 2,966)
ok y; 0.882% +0.112
R*=0.991
y = 0.994%
)
£ 15t
i
=
S 10f
=
5 =
D i i
5 10
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wsp met mast [m/s]
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0.5
0.45}

04}
0.35}

Tl lidar [-]

01k

0.05 |

Galerne-Marin Phase 1

filtered 10-min data (# 2,297)

y=0.938"% 0.002
R* = 0.882
y=0.810%

0.3}
0.25F

0.2F

0.1 0.2

Tl met mast [-]

= Very good accuracy performance for both horizontal wind speed (wsp) and
turbulence intensity (TI)

metric cf. legend [-]

0.06

0.04

0.02F

-0.02 F

-0.04 F

N;
1
MBEL = FZ Tln,i —_ TIref,n,i
[n=1

1
RMSE; = JF (Thy; — Tlegp)?
L

Representative Tl; = Tlyyg; + 1.28 - Tlg g,

MBE .
RMSE

———— Representative TI Error

5 10 15 20

wsp [m/s]
e RN =
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Evaluation of DSL performance (ll)
Pair #2, Phase 1

|
25 T T 0.5 Y T
Audra-Marin Phase 1 Audra-Marin Phase 1
fltered 10-min data (# 2,760) 045 filtered 10-min data (# 1,911)
o0k y2= 0.951% +0.172 J 04k y=1.001" + 0.005
R? = 0.086 R® = 0.655
. y = 0.9098% 035k y=1.061"
23]
E 15 i & 03
__:é! __‘.5 0.25}
210} F 02F
= 4
015+
5| o~ ; 0.1+ :
0.05}
0 . . . | 0 . ; ; i
0 5 10 15 20 25 0 0.1 0.2 0.3 0.4
wsp met mast [m/s] Tl met mast [-]

= Very good accuracy performance for both horizontal wind speed (wsp) and
turbulence intensity (TI)

= Some dependency on technology generation (Audra versus Galerne/Marin)
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Evaluation of DSL performance (lil)
Pair #2, Phase 2

|
35 - i ; 0.5 v ; |
Audra-Marin Phase 2 Audra-Marin Phase 2
gk filtered 10-min data (# 3,198) ] 045H " fillered 10-min data (# 2,056)
y = 0.984" +0.077 nal y = 0.992% +0.010
R* = 0,990 ' R* = 0.433
26 y = 0.992"% 1 0.35 ¢ y=1.007."x%
'E‘ £
E ol T 03
_.‘-5 __‘-5 0.25¢F -
g 191 F oz}
= 015 : e L MBE
10 | o 0.06 | RMSE .
01t — ——=— Representative TI Error
5 | 5 . - =
_ 0.05  SE - - — 004}
0 : - - - . . 0 | | . : ] B
0 5 10 15 20 25 30 35 0 0.1 0.2 0.3 0.4 0.5 % 0.02 L
wsp met mast [m/s] Tl met mast [-] "
2 ok
= Very good accuracy performance for both horizontal wind speed (wsp) and o2l
turbulence intensity (TI)
. . -0.04 +
= Some dependency on technology generation (Audra versus Galerne/Marin) , , , , ,
. . 0 5 10 15 20 25 30
= Even high wind speeds reproduced very well. wsp [m/s]
N NN =
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Instrument performance during storm FLORIS
Early August 2025

—
—
30 ) . - == Met Office
ERAS (hourly data) S 4 P
---------- NOAH met mast / top cup anemometer (10-min data) o
256 DLS Audra-Marin Phase 1 (10-min data) .
E . DLS Audra-Marin Phase 2 (10-min data)
£ DSL Audra-Galerne Phase 1 (10-min data)
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Instrument performance during storm FLORIS
DSL (Pair #2, Phase 2) — Early August 2025

—
30 :
J
25| | f
[
w .
E
— 20} =l
= - i |
o T,
= ‘ HU.-"'_ ‘
- )
15 ' L
=1 = R |
: NN S
—L; 10+ M ‘e ’H'
= . ERAS {hourly data)
= | NOAH met mast / cup anemometer {10-min data)
5 *  DSL Audra-Marin Phase 2 (10-min data))
D '] L L L L
Aug 04, 04:00 Aug 04, 14:00 Aug 05, 00:00 Aug 05, 10:00 Aug 05, 20:00
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Measured maximum (extreme) wind speeds:

= ERA5  19.38 m/s
= NOAH 28.57 m/s
= DSL  28.21 m/s
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Instrument performance during storm FLORIS
DSL (Pair #2, Phase 2) — Early August 2025

30 :
25} A . : L
AT < Extreme wind speed is picked up by both LOS,
= 20T " showing direction alignment with South device (Marin)
E 3 'J‘I Iﬁl
— 15k : J T
E #ﬂfﬁ.’ﬂl ﬁ il F‘!'
! 'k - _;"_ .
1% 1D | T ' .JI.I.-'ﬂ]If- Wi,
!
3 s¢
g —— DSL Audra-Marin (10-min data)
Rl LOS Audra (10-min data)
2 LOS Marin (10-min data)
2
-5k
_"|D -
_15 L '] L L ']
Aug 04,04:00  Aug 04,14:00  Aug 05,00:00  Aug 05, 10:00  Aug 05, 20:00
N NN\ ==
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Instrument performance during storm FLORIS
Two VPL at NOAH

30 I I I I
— ERAS (hourly data)
NOAH met mast / top cup anemometer (10-min data)
el WLS7-449 VPL (10-min data) T
ZX300-2311 VPL (10-min data)
30 . - . : .
|
251 LA 1
— Il:j
@ .
E 20} i . Aug
E T
=
? sl /| ~ l J | Measured maximum (extreme) wind speeds:
3 = I A = ERA5  19.38 m/s
a = - -
3 ol RS 42 v = NOAH 28.57 m/s
2 ERAS (hourly data)
= | NOAH met mast | cup anemometer (10-min data) = DSL 28.21 m/s
._“, *  DSL Audra-Marin Phase 2 (10-min data)) = VPL #1 28.54 m/s
5§ — = —WLS57-499 VPL (10-min data) .
— — —2ZX300-2311 VPL (10-min data) = VPL #2 28.60 m/s
D L 1 L L L
Aug 04, 04:00  Aug 04, 14:00  Aug 05,00:00  Aug 05,10:00  Aug 05, 20:00
N\ N\ =
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Conclusions / Outlook
Verifying dual scanning lidar performance under representative offshore conditions

= Two dual scanning lidar (DSL) pairs tested / verified over range of 6-7 km
= \ery good performance for both horizontal wind speed and Tl = indication for no bias correction required

= Even storm situation is reproduced well in terms of measured extreme wind speed

N —
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Conclusions / Outlook
Verifying dual scanning lidar performance under representative offshore conditions

= Two dual scanning lidar (DSL) pairs tested / verified over range of 6-7 km
= \ery good performance for both horizontal wind speed and Tl = indication for no bias correction required

= Even storm situation is reproduced well in terms of measured extreme wind speed

= Further sensitivity analysis for test results (incl. differentiation between onshore / offshore winds)
= Extending evaluation to small-scale fluctuations / gusts

= Performance benchmark against floating lidar — cf. presentation by Warren Watson in Friday morning session
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Thank you

nml W" i for your attention!

L1

Contact:

julia.gottschall@iwes.fraunhofer.de
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