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Validation approach

= Horns Rev and Nysted off-shore wind farms data

= Quantify the wind power variability in terms of ramp rates
and reserves requirements

= Compare duration curves
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Avalilable data
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- 1Hz sampling frequency

- wind speed, power, power set point and yaw position used
-1989 two-hour segments (165,75 days)

- wind speeds from 1 to 24 m/s
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Avalilable data
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- 1Hz sampling frequency

- wind speed, power, power set point and yaw position used
-1110 two-hour segments (92,5 days)
- wind speeds from 1 to 19 m/s
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Analysis and validation — ramp rates
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Ramping [pu./10min]

Analysis and validation — ramp rates
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Ramping [pu./10min]

Analysis and validation — ramp rates
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dation — 99% ramping

Analysis and val

30 min

10 min

Tommmmqmmmm o

|
0.8

0

0.7

0.6

ns
Power [p.u.]

measured Horns Rev
simulated Horns Rev

measured Mysted
===== simulated Nysted

03 04

0.2

0.1

015 -
0251

[uugeyn-d] duwiey

0.3 H

035

simulated Horns Rev
rmeasured Mysted
===== simulated Nysted

0.

03

0.

[uugyynod] duey

-0.2 H

025

o)
o
S
N
o
<
<
I\
a
9]
<
[7]
X
<
m
X
Q
o]
@
]
ot
X
Q
o]
)
<)
N
X
[%]
]
i
<
|

(I

Tommmmm e

07 0.8

0.6

0.5

measured Horms Rey [---

simulated Horns Rev
measured Mysted
===== simulated Mysted

T
0.4

0.3

0.z

0.1

Power [p.u.]

002 f---
0025 f--e -
003 -

[unw poned] dwey

-0.0358 H

004 H

0

-0.045

Risg DTU, Technical University of Denmark

Pawer [p.u.]



Analysis and validation — reserves
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Reserves[pu10min]
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Analysis and validation — reserves
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Reserves[pu10min]

Analysis and validation — reserves

-0.04

-0.06

-0.08
0

03 i i
0 20 40 G0 30 100

Duration [%]

5

E

E

&

o

[

=

&

o

[av]

04

11 Risg DTU, Technical University of Denmark

-0.02

Nysted — 0.8-0.9 p.u.

Reserves[pu f30min]

B i i
0 2O 20 40 60 30 100
Duration [%]

0.12|

01
0.08
0.06
0.04
0.02

Duration [%]
IEA Task 23 Back-to-Back Workshop 26.02.2009



%0 reserves

idation — 1

Analysis and val

30 min period

10 min period

measured Horns Rey

simulated Horns Rev

measured Mysted
===== simulated Nysted

| | |
02z 03 04 05 0B 07 0B 09
Power [p.u.]

'
T

0.1

0.5

0.45 H

0.4 H

03[
025

035 f------

[unuggyned] samasay

0.5 feeeeee

I —
0.05}--

measured Horns Rev
simulated Horns Rev
measured Mysted

=====simulated Mysted

LR

I I I I I
0s 06 07 08 09
Pawer [p.u.]

4

0.35

0.3 H

02

[unugynd] sanasay

0 feeees

1 min period

IEA Task 23 Back-to-Back Workshop 26.02.2009

measured Horns Rev
simulated Horns Rev

measured Mysted
=====simulated Mysted

0.07

0.06

[y ned] sauasay

0s 07 0§ 09

0s
Pawer [p.u.]

0.2 03 04

0.1

Risg DTU, Technical University of Denmark

12



Conclusions

= The model can simulate power fluctuations from off-shore
wind farms;

= The simulation length is limited to a couple of hours, when
constant mean wind speed and direction are considered;

= Duration curves for ramp rates and reserve requirements
are generally simulated to slightly higher values than
measured;
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Questions?
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