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Subject wind farms: Walney 3 and Walney 4

40 MHI-Vestas 8.25 MW & 47 SGRE 7 MW
“*°"" 1.year LIDAR data on site £
20-years NEWA data
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. Education and training
Team size Company type
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% g g e Continued education I 67%
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Methodology for wind climate assessment

Vertical extrapolation Alternative methods
Power law Alternative LT ref. data I
Log law  m———
WASP m— Wake correction I
| -
Other Data gab filling I EEEEG—
Unknown S —
No extrapolation DEVCR{lIGGIe N |
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No. of teams No. of teams

Horizontal extrapolation

WASP or WindPro
WRF + microscale

Other wind atlases
Other or unknown

|
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DTU Wind Energy

Methodology for turbine interaction

Wake model Blockage model
WASP - Park I Windfarmer BEET I
WindPro - Park Modeller's own estimate G
Windfarmer - Eddy Viscosity N Meyer Forsting (2017) I
Openwind - Eddy Viscosity 1 IR Other or unknown IS
Ensemble of models IIEEEEGEGEGE Part of wake model
Other or unknown I No model NG
o 1 2 3 4 5 6 7 8 9 10 o 1 2 3 4 5 6 7 8 9 10
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DTU Wind Energy
Wind farm energy yield assessment procedure
Reference
Vertical extrapnlaticm/ yield \Tjriznntal extrapolation
Site wind Site wind > Gross
observation climate yield
Flow modelling
Long-term extrapolation
l Wake modelling

Al Potential https://orbit.dtu.dk/files/11
planning yield 0765218/Offshore CREYAP

/ Part 2 final results 1.pdf

~

Uncertainty modelling Net yield Loss estimation

Mortensen et al., 2015
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The development of variation across submissions

>>> Steps in the prediction process >>>

Coefficient of variation
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Lidar data and long-term extrapolation
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1-year observed mean wind speed at 108 m a.m.s.l. » 20-year mean wind speed at 108 m a.m.s.l.
mean = 9.97 mean = 10.04
20.0 7 std = 0.04 5 - std = 0.09
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3 .
10.0
7.5 217
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2.5 A
D.O I T T T T I I U T T T T T T I
9.85 9.90 9.95 10.00 10.05 10.10 10.15 9.8 9.9 10.0 10.1 10.2 10.3 10.4
One-year observed mean wind speed Long-term extrapolated (20 years) mean wind speed
at measurement height 108 m above mean sea level at measurement height 108 m above mean sea level
[m/s] [m/s]

Wednesday, 15

September 2021 DTU Wind Energy [Division / Section]



oy Lidar data and long-term extrapolation

1-year observed mean wind speed at 108 m a.m.s.|. 20-year mean wind speed at 108 m a.m.s.|.

Number of hours per year in different wind speed bins Number of hours per year in different wind speed bins
and 270 direction bin, One-year observed distribution and 270 direction bin, Long-term extrapolated (20 years) distribution
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Velocity [m/s]

Velocity [m/s]

20-y free-stream mean wind speed (per turbine):

no wakes
103 Wind Conditions, Long-term, free-stream mean wind speed at hub height - Walney 3
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Turbine ID -1
Wind Conditions, Long-term, free-stream mean wind speed at hub height - Walney 4
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Gross Yield (per turbine):

o
o
- based on climate at each turbine location and power curve
Per turbine - Energy Yields, Gross Yield - Walney 3
a4 '
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20-y mean wind speed (per turbine):

includes reduction due to turbines

W

Wind Conditions, Long-term, turbine interaction-reduced mean wind speed at hub height - Walney 3
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Potential Yield (per turbine)

oD
oD
hang estimate includes losses due to turbine interactions
" Per turbine - Energy Yields, Potential Yield - Walney 3
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Accounting for losses due to turbine interactions

<=
<=
o
Gross Yield Potential Yield
no wakes estimate includes losses due to turbine interactions
0.006 - mean = 3342.88 mean = 2997.21
std = 69.32 0.006 4 std = 85.25
0.005 -
0.005 -
0.004 -
0.004 -
0.003 -
0.003 -
0.002 -
0.002 -
0.001 - 0.001 -
OOOD 1 T T T T T D 000 r : - r | r '
3100 32G0Win 4 fgfﬁﬁrossﬁg? g 3500 3600 2700 2800 2900 3000 3100 3200 3300
Wind farm Potential Yield
[GWh/y]

[GWh/y]
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A closer look at turbine interaction losses

Internal Wake Losses

mean = 0.92
30 - std = 0.01

25 1

20 A

15

10

0 T T T T T
0.88 0.90 0.92 0.94 0.96 0.98

Turbine interaction, Internal wake losses
coefficient [-]
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External Wake Losses

mean = 0.98
std = 0.03

0.80 0.85 0.90 0.95 1.00 1.05
Turbine interaction, External wake losses
coefficient [-]
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Blockage

A closer look at turbine interaction losses

40 1

30 A

20 A

10

mean = 0.99
std = 0.01

Turbine interaction, Blockage
coefficient [-]

Wednesday, 15
September 2021

DTU Wind Energy

1.01

Internal, External and Blockage

Combined

mean = 0.89
17.5 + std = 0.03
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Estimates of losses as function of method

W
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Some of the variation within a single method may be down to specific users settings of model parameters.
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Net Yield (per turbine)

o
o
- estimate includes losses due to technical losses
“ Per turbine - Energy Yields, Net Yield - Walney 3
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Net Yield (per turbine)

estimate includes losses due to technical losses

W

Per turbine - Energy Yields, Net Yield - Walney 3
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Net Yield (per turbine)

estimate includes losses due to technical losses

W

Per turbine - Energy Yields, Net Yield - Walney 4
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A closer look at turbine performance losses

Combined coefficients from:
. . mean = 0.98
» Sub-optimal wind farm performance 35 - std = 0.01
» Site-specific power curve adjustment 20
* High wind hysteresis
25 -
» Participant specified
20 -
15 -
10
5 .
U T T T T T T T T
095 096 097 098 099 100 101  1.02
Turbine performance
coefficient [-]
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Accounting for technical losses

>
>
>
Potential yield Net yield (P50)
estimate includes losses due to turbine interactions estimate includes losses due to technical losses
mean = 2997.21 mean = 2754.04
0.006 - std = 85.25 0.0040 - std = 111.70
0.0035
0.005 1
0.0030 - \
0.004 1 0.0025 -
0.003 - 0.0020
0.0015 -
0.002 -
0.0010 -
0.001 -
0.0005
G.ODD 1 T T T T T L G.ODDG T T T T T T T T T
2700 2800 2900 3000 3100 3200 3300 230 2400 2500 2600 2700 2800 2900 3000 3100
Wind farm Potential Yield Wind farm Net Yield
[GWh/y] [GWh/y]

Wednesday, 15
September 2021

DTU Wind Energy [Division / Section] 23



=
—]
—

Net production by wind direction

e
-— estimate includes losses due to technical losses
Energy Yields and Losses, Net Yield
600
— 500 - T
=
J?E 400 .
G}
T 300 - ¢ ’ o ¢ s + & B o
.:_:' ‘ L ¢ % ¢ 1 —— |
% 200 - é é ' ——
i : ; L === .
===
0 4
0 30 60 90 120 150 180 210 240 270 300 330
Angle [deg]

Most effected sector for external wakes 120 deg

No indication that this sector has larger spread in estimates
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Net production by wind direction

e
-— estimate includes losses due to technical losses
Energy Yields and Losses, Net Yield
4 Legend
600 ® adj. prod.
— 500 1 T
o
=
% 400 ®
% 300 - ¢ ¢ ¢ ' ¢ ¢
g 1
L e e @ == ==
¢
== Q:—
0_
0 30 60 90 120 150 180 210 240 270 300 330

Angle [deg]

DTU’s estimate of actual production adjusted to 20-y, based on Qrsted data and a long term adjustment

Good agreement of the directional dependency of the production.
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A closer look at uncertainty estimate

Uncertainty on energy yield total

mean = 8.73
0.200 4 std = 2.34

0.175

0.150 1

0.125

0.100 -

0.075

0.050

0.025

G-OGU I T T T T T
0.0 2.5 2.0 1.5 10.0 12.5 15.0 17.5

RMS of above factors 20-years period
uncertainty [%]
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= A closer look at uncertainty estimate
Net yield (P50) » Net yield (P90)
estimate includes losses due to technical losses estimate with 90% exceedance
mean = 2754.04 mean = 2470.11
0.0040 - std = 111.70 0.0030 - std = 163.42
0.0035 -
0.0025 -
0.0030 - \
0.0020 -
0.0025 -
0.0020 1 0.0015 -
0.0015 ~
0.0010 -
0.0010 -
0.0005 -
0.0005 -
0.0000 ; . . ; ; ; . ; 0.0000 . . : . . : ;
230 2400 2500 2600 2700 2800 2900 3000 3100 2000 2200 2400 2600 2800 3000 3200
Wind farm Net Yield P90 Net Yield 20-years period
[GWh/y] [GWh/y]
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DTU DTU Wind Energy

— Comparison with previous CREYAPs
o
20-y net yield (P50) 1-y net yield (P50)
CREYAP 2021 Walney 3 and 4 CREYAP 2015 Barrow
mean = 2754.04
0.0040 std = 111.70 SCADA :ﬂEId N
0.0035 -
0.0030 -
0.0025 -
0.0020 -
0.0015 -
0.0010 -
0.0005 -
00000 00 2400 2500 2600 2700 2800 2900 3000 3100 280 290 300 310 320 330 340 350 360
Wind farm Net Yield .
[GWh/y] Net yield, Py, [GWhy™']
Coefficient of variance =4.1 % Coefficient of variance = 3.0 %
Mean estimate has -2.5 % bias Mean estimate has + 4.5 % bias

28
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Comparison with previous offshore CREYAPs

o
o
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>>> Steps in the prediction process >>> 9 Offshore CREYAP exercises Part ||+ (od, OQ‘, n
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Walney 3 and 4 (659 MW, 28 teams) - marked loss estimation step
Barrow (90 MW, 22 teams) marked flow modelling step -
Gwynt y Mor (576 MW, 38 teams) marked flow modelling step -
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Summary

We see a quite even spread of several methods across the different steps
Flow modelling step did not increase the coefficient of variance
Mean combined turbine interaction losses are 10 % (range 5 % — 16 %)

— Internal wakes 8 % (range 5 % — 11 %)
— External wakes 2% (range 0 % — 11 %)
— Blockage 1% (range 0 % — 3 %)

Ensemble methods for turbine interaction losses had small range of estimates
Spread within a single modelling approach can be large

Wednesday, 15

DTU Wind Energy
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Summary

Mean of the requested turbine performance losses is 2 % (range 0 % — 4 %)
Good agreement of the mean of estimates for the directional dependency of the production
Mean 20-y net yield (P50) (2754 GWh / year) has coefficient of variance = 4.1 %
Mean estimated uncertainty is 8.7 %, coefficient of variance = 27 %
Spread of the 20-y net yield (P50) is less than estimated uncertainty
Actual production adjusted to 20-y is 2822 GWh / year
» 2.5% higher than the mean 20-y net yield (P50)

Next steps
« Distributions of individually annotated results to participants

» Difficult to discern a distinct pattern of behaviour across methods choices
— may required deeper different kind of analysis of the submitted data
— may require a further questions to the participants

Wednesday, 15
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CREYAP references 2011-15

Land-based wind farms

* Mortensen, N. G., & Ejsing Jargensen, H. (2011). Comparison of
resource and energy yield assessment procedures. EWEA Wind
Resource Assessment Technology Workshop, Brussels, Belgium, 10-
11 May.

Mortensen, N. G., Ejsing Jargensen, H., Anderson, M., & Hutton, K-A.
(2012). Comparison of resource and energy yield assessment
procedures. EWEA 2012, Copenhagen, Denmark, 16-19 April.

Mortensen, N. G., & Ejsing Jargensen, H. (2013). Comparative
Resource and Energy Yield Assessment Procedures (CREYAP) Pt.
II. EWEA Technology Workshop: Resource Assessment, Dublin,
Ireland, 26 June.

» Anderson, M., & Mortensen, N. G. (2013). Comparative Resource and
Energy Yield Assessment Procedures (CREYAP) Pt. I[I. AWEA Wind
Resource & Project Energy Assessment Seminar, Las Vegas, United
States, 10-12 December.

* Mortensen, N. G., Ejsing Jargensen, H. & Nielsen, M. (2014). How
well can the industry predict the wind resources? Overview of the
results from EWEA CREYAP exercises. Danish Wind Industry Annual
Event 2014, Herning, Denmark, 26-27 March.

DTU Wind Energy

Offshore wind farms

Mortensen, N. G., Nielsen, M., & Ejsing Jargensen, H. (2013). First
Offshore Comparative Resource and Energy Yield Assessment
Procedures (CREYAP). EWEA Offshore 2013, Frankfurt,
Germany, 19-21 November.

Mortensen, N. G., & Nielsen, M. (2015). Offshore CREYAP Part 2 —
preliminary results. EWEA Offshore Conference 2015, Copenhagen,
Denmark, 10-12 March.

Mortensen, N. G., & Nielsen, M. (2015). Offshore CREYAP Part 2 —
final results. EWEA Technology Workshop, Helsinki, Finland, 2-3
June.

Mortensen, N. G., Nielsen, M., & Ejsing Jargensen, H. (2015). EWEA
CREYAP benchmark exercises: summary for offshore wind farm
cases. Wind Energy Denmark 2015, Herning, Denmark, 22-23
September.

Summary

Mortensen, N. G., Nielsen, M., & Ejsing Jargensen, H. (2015).
Comparison of Resource and Energy Yield Assessment Procedures
2011-2015: What have we learned and what needs to be done?
EWEA 2015, Paris, France, 17-20 November. Presentation
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http://orbit.dtu.dk/en/publications/comparison-of-resource-and-energy-yield-assessment-procedures(3b6cf015-4cf1-4f5d-b500-08c504b6f0fe).html
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