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# CASE 1: Assessment of obstacles and terrain adibal WESC 2023
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IEC 61400-12-1.Ed3: Wind energy generation systems — Part 12-1: Power performance measurements of
electricity producing wind turbines

IEC 61400-12-5, Wind energy generation systems — Part 12-5: Power performance — Assessment
of obstacles and terrain > Complex Terrain
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#CASE 1: Equipment and data filters

Equipment information

LIDAR

Measurement period  24-03-2022 to 08-06-2022

2 LIDAR ZX 300 11 height:
- 12m, 20m, 24m, 26m, 36m, 39m,
46m, 48m, 60m, 70m, 100m

D= 24m, L= 70m (2.9D), H=36 m

Wind Turbine X
(100 kW)
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Filters data
Wind direction 2 Low wind speed - Disaligment

g

Wind direction LD1283
]
(=1

T T T T T T T T
0 50 100 150 200 250 300 350
Wind direction LD1275

T T T T T T T T
o 50 100 150 200 250 300 350
Wind direction LD1275

Fog and rain-> Low quality data

—— Proportion Of Packets With Rain (%)_75 ~—— Propartion Of Packets with Fog (%)_75




# Case 1: REWS and Wind Shear
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Vrews Wind shear

InG2)
a=—yF-
In(7)

In case there are more levels, the shear
exponent is calculated by means of a
least squares adjustment.
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Diurnal cycle of atmospheric stability

At night, the atmosphere forms thermal layers (stable
atmosphere). These layers suppress turbulence and
result in variably high wind shear. During the day, the sun
heats up the ground, introducing turbulent mixing which
results in a more uniform wind speed profile (low wind
shear) and higher turbulence.




I

l

#Case 1: Significant wind shear and Method 1 :}_WESC
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Check % of wind shear: a > 0.25 and 25% data Method 1: Bins of wind direction and wind shear

Flow corrections at site calibration (wind speed ratio)
Wind Direction Bin (2)

Significant
Wind Shear

10 20 30 40 210 270 280
(-0.025, 0.25] 3507 64.04 Wind WS N2 WS N2 WS N2 WS Ne WS N2 WS Ne WS Ne
(0.25, 1.0] 1969 35.96 zhear ratio data ratio data ratio data ratio data ratio data ratio data ratio data
Xponent
0 0980 4 09697 0981 10 0980 7 1.022 1 1.000 9 0.996 6
Verify correlation of wind shear at wind turbine and 0.05 0992 20 0991 25 1.008 24 0.967 42 0978 15 0.995 26 0.995 28

. 0.10 0.998 45 0.986 52 0.988 57 0988 61 0986 38 0.995 73 0.993 83
reference LIDAR locations 0.15 0.998 37 0.986 70 0.994 57 0991 73 0.992 39 0.992 77 0.995 92

Regresin nesl exponenes de cortadurs 0.20 1.015 26 0992 43 1.001 53 0.995 43 0.994 70 0.994 40 0.998 68
. Jeusiasanasteon et 0.25 1.000 23 0.987 31 1.000 36 1.022 24 1.005 37 0.995 30 0.999 55

030 1004 6 098117 1002 28 0996 13 0.990 16 0.999 23 0.998 44
035 0982 9 098 10 0999 23 1.009 8 1017 12 1.001 19 1.002 48
040 0992 4 09968 0994 14 1011 9 1.001 10 1.000 15 1.002 42
045 0983 5 09905 0987 7 099 5 1010 7 1.007 14 0.999 35
0.50 1 09623 0983 5 1011 8 1018 4 1008 12 1.003 9
; 0.55 0 2 1001 3 098 10 1.004 4 1009 9 0.995 17

0.60 2 2 1 1 0 1 0977 4

Exponente cortadura mastil de referencia
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#Case 1: Method 1 — Quality checks &WESC
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Assess significance of shear Convergence check

a) self-consistency parameter = VTurbmedicwd/VTuTb_measured [098y1.02] The cumulative averages should be seen to converge to within 0,5 %
of the final average within the larger of 16 h of data or 25 % of the

b) linear regression of Vtur_predicted vs. Vtur_measured R2 >0.95 T e S A S Pt Y

Convergence280.0¢

Linear regression of wind turbine location vs. reference LIDAR for 280° bin, [
post-filtering N T I R _
VTurb_pr edicted = i ...#t;k:‘.,?ire,-- g S : = wm—-—" ~— -%
F(WD, a) * Vief measured : .;.:.-i-::‘«:_:':»‘i-". iR .
{ f Self-consistency = 1.0036
it R2 = 0.9975 o ~ Er—

Change in correction between adjacent wind direction bins

Completlon criteria for Wlnd dlrECtlon Bin centre Magnitude of change Magnitude of change  Additional standard
between bins (left) between bins (right) uncertainty (%)
- At least 144 data per bin (24 hours of data) 10 Boen fge 275 e el Tl
20 1.011 1.014 0%
- At least 6 hours > 8m/s and 6 hours < 8 m/s ( 36 data) — 1.002 0.993 0%
- At least3 data point per bin Wind Direction/Wind Shear exp. 20 1.002 1.007 0%
210 1.006 1.014 0%

270 1.001 1.002 0%

Cremal 280 1.005 1.001 0%
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# Case 1: Statistical Uncertainty

Uncertainty = k-fold cross validation

The total category A uncertainty is the square root of the
sum of the squares of the uncertainty calculated for each
fold divided by the square root of k

k.2
P Ssc,i

SC =
k

Category A uncertainty for REWS LIDAR

La Incertidumbred de la calibracidén es: 8.0006420333678088386

Category A uncertainty for Hub Height LIDAR

Lz Incertidumbre& de la calibracidn es: B.08@12293226793015513
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CUP ANEMOMETER

0.04,7% = 0.98Desviacion = 0.35 e . ¥ = 098X+ D07, F = 0.98Desviacion = 0.42

- Linear regression between LIDARs R2 = 0.98
- Linear regession between cup anemometers R2 = 0.98
- Bias cup anemometer> Bias LIDARs
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Power Performance Test with Test Site Calibration Correction

Wind turbina nED100 Power Curve

=8~ Mean Power Curve at REWS Without Correction ‘ 11000 005
=+ Mean Power Curve at REWS_With Wind shear Carrection 100 T10.05-0.10
100 | == Mean Power Curve at HH nED100 SCADA wind speed 2 o
%= Mean Power Curve at HH LIDAR wind speed (@) l 110.10.0.15
E 1 T10,15-0.20
© 0 110.20-0.25
a0 - | T10.25:0.30
.OU 60 T T10.30-0.35
g g | 110.35:0.40
V,=V . B S a0t TI0.40.045
n 10min(£Lomin z — 110.45.0.50
Do £ g | 110.50.0.55
s =0 110.55-0.60
g w | T10.60-0.65
N; 0T .
V=~ E v »
. T — c oo 2 e
l n.tj . ——
N; j=1 » Ly s — . o1 9
[ 10 T 0.2
Dfey12 >~ 0,
s e 04
7 06 99 ‘h
P. _iZNi P .. 0 : i ; = i 5 ) "
L Ni Jj =1nij Wind Speed (m/s)
Wind Turbulence vs REWS Scatter Plot
06 L4 e Data Points
-== Mean Turbulence Box plot
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# Case 2: SONIC ANEMOMETERS AND LIDAR

Equipment around LECA building (building Height 11.40 m)

LIDARS, e i

n i Rell =
LD 1275 LD 1283
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Sonic anemometer met mast on
theroof 5 m
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Sonic anemometer met mast on
the roof 10 m, with 2 Sonic
anemometers at 5 m and at 10 m
on the roof.




# Case 2: Verification of measurement
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Several comparisons have been made: Relationship between Sonic anemometer and LIDAR coordenates systems

N

- between LIDAR vs. LIDAR
- between sonic vs. sonic anemometers ’
Between LIDAR vs. sonic anemometers v___ ) ;

TOP Wi
N
A

Wind speed at 99 m 1275 vs. 1283 Wind speedat 79 m 1275 vs. 1283

s)
&

16 y=09992x ¥=0.9997x

X2 Setting
U Alignment to
Transducer |

= = =
T 4 R=0.9%1 Eu  R=09952
3 12 31
] o
S o 10
= 3 s
3 i
U : .
® 4
e ! H
§ 2 S
o o —
] 2 4 6 8 00 12 1 16 18 o 2 4 6 3 o 12 1 1 18 L]
Wind speed LD 1275 (m/s) Wind speed LD 1275 (m/s) E
E
o
Wind speedat 24 m 1275 vs. 1283 Wind speedat 10 m 1275 vs. 1283 E
14 12 R
T y =0.9987x - ¥ =0.9947x —_
E R?= 0,907 T RE=0.9874 ]
B ) -
2 2 s =
2 S ]
9 e =
T 6 3 =
2 g, -
24 & =z
E 2 =
s 2 H o
o . b
0 2 a 6 8 10 12 14 o 2 4 6 8 10 12 _
Wind speed LD 1275 (m/s) ‘Wind speed LD 1275 (m/s) §I
i L L L
1 2 3 -

3 a 7 g El

\Wind spe=d Sonic anemometer 51 21.40m (mis)
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Wind speed LIDAR LD 1275 at 16 m (m/s)

10 Horizontal wind speed Sonic anemometer vs. Lidar LD 1275

y(x)=ax+b
+|a=1.0202

b =0.18344 )
R =0.98729

1 2 3 4 5 6 7 8 9

Wind speed Sonic anemometer at 16.40 m(m/s)
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# Case 2: Test site locations
T N2

SECOND POSITION

Legend
. Sonic anemometer met mast

@® L1275

yfr 5
LECA Building
-
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# Case 2: Component of wind speed \’l\,jf-"‘"iscm3

- Behaviour of wind flow around building

OpenFOAM > Wind speed component behaviour

Wind speed Sonic LIDAR
Components anemometer
U (m/s) & |k B |
V (m/s)
W (m/s) - |
SN 1 |
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# Case 3: LIDARs WORKING WITH AIRBORNES

Wind speed resource ERA5

100m fixed

500m ceiling

ol
’ A
-9 o ; > b
S«
- )
. & s
AJ q
0.0 3.0 6.0 9.0 12.0 15.0
v [m/s]

Source: Bechtle et. al., wind data: ERAS

0.0 3.0 6.0 9.0 12.0 15.0
v [m/s]
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Red color:
WS > 7.5 m/s = Excelent conditions

100m fixed 500m ceiling

0.0 3.0 6.0 9.0 120 15.0
v [m/s]

0.0 3.0 6.0 9.0 12.0 15.0
v [m/s]
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# Case 3: Wind Resource in CEDER @WESCZU?S

Wind speed resource “Mapa Ibérico”

200
¥ Mapa Ibérico de alta resolucion ¥ Mapa Ibérico de alta resolucion
R 5 > ol ¢ = - B o .
g z Lo ” : Roschvsendos K 1A i s A
. S : b - ; ; 150
duae 3 ,. 3 ,, 100 trace 0
F . 72 g 2 u I
. ; ARETE % e g % X 4 50
4 o i A= N 3 !

Velocidad del viento (m/s)

Altura (m)

10 15

200m o

100 m 200 m

Altura (m)
=
s

0 5 m 10 15
CO l Velocidad del viento (m/s)
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# Case 3: LIDAR location at CEDER-CIEMAT \J__WESC
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LIDAR location at CEDER-CIEMAT-> Flight Test Center

CEDER-CIEMAT < ), > Leyenda

LIDAR POSITION . 56
! 9 CEDER Centro de Desarrollo de?

LIDAR

afroliolde i IS
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# Case 3: AWE Site requeriments

Flight Test Center requeriments

Total operating area

R=150m
R Ground station
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Flat topography

Main operating
area

Ground station with
fenced area: 700 m?
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# Case 3: LIDARs measurement resources at CEDER

Total Wind Speed distribution at 100 m Wind Speed distribution by month at 100 m

3500

Month and Year
?c"--ﬁ \ 1 2022-03

2000 - ?t 400 4 =3 202204

— 2022-05
2500

. \

1000

/202207
/202208
/3 202209
3 2022-10
—/ 2022-11
— 2022-12
= 2023-01
—/a 2023-02
3 2023-03

300 4

200 +

Count (Raw data (mean of 10 min)
Count (Raw data (mean of 10 min)

100 1

500 A

0 - T T 1 L =
o0 25 50 75 10.0 125 15.0 175 2000 0.0 25 5.0 15 10.0 125 15.0 175 200

Horizontal Wind Speed (m/s) at LO0 m Horizontal Wind Speed (mys) at 100 m
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# Case 3: LIDARs measurement resources at CEDER «J-l ke
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Wind rose at 100 m

A P
/ — i
' |‘ . \\3: 3;:3%
55
N\ /'/V.
N\ > /
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Horizontal wind speed in relationship with wind direction for all height

orizontal wind Speed (m/s)

Altitude (m)

| ) B méan_Direction (@)

Turbulence Intensity in relationship with hours of day for all height
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# Case 3: LIDARs measurement resources at CEDER
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Wind profile until 100 m Wind profile fit until 200m

‘Wind speed profile

200 | @ Data
i il —— Fit curve
Wind profile LIDAR T Heraht between 12 m snd 200 m
175 4
150 4
100
125 4
E
)
2 100
£
75
o 50
25
T T T T T T T T
ER 4.0 45 5.0 55 6.0 6.5 7.0
Wind speed (mfs)
-
Eu Von Karman coeficient: @.4
St Rugosity: @.7958893027492885
E Friction wind speed: ©.5891386318688714
o u2 [282 m] m/s: 7.834529863944766
'% Wind speed profile
50| @ Data
— Fitcurve
W' Q Q Q —— Height between 12 m and 500 m
« ING proriie 1iIt unti m
400 4
_ 04
£
m £
u
£
200
100
0 T T T T
n 15 0 45 50 55 0 65 ]
Wind Speed (m/s) 0l

T T T T T
4 5 6 7 8
Wind speed (m/s)

Von Karman coeficient: .4
Rugosity: @.7958893827492805
Friction wind speed: @.5091386318688714

C. . u2 [50@ m] m/s: B.200827387996103
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VERSATILITY OF LIDAR adigsm W

LIDAR wind measurement devices are highly versatile tools used in a wide range of ground-based
applications, providing accurate and detailed real-time wind measurements.

The three examples presented in this presentation illustrate the significance of introducing new technologies
in wind resource measurement.

The versatility of LIDAR in wind resource measurement is that these devices can be used in both open-field
and peri-urban applications. This can help optimize the design of many projects.
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THANKS FOR
YOUR ATTENTION

b.ramos@ciemat.es
luis.cano@ciemat.es
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