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Day-ahead output forecasting OWEZ
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This report has been presented at the IEA Wind Task 23 Back-to-back Workshop
“Offshore wind farms - Wake effects and power fluctuations”
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Summary

o OWEZ is better of with imbalance payments
o Optimized day-ahead forecasts are the more economic

o At a day-ahead notice:
* Predictability of exceedances is low
* Predictability of extremes is poor
* Some evidence for the ability to serve as an early warning

Motivation & Outline - Methodology - Experience - Summary

www.ecn.nl

3

\

Outline

o Methodology
* Forecasting method
*  Offshore Windfarm Egmond aan Zee
* Imbalance system

o Experience
* Forecast optimization
* Economic value of forecasting
* Predictability of exceedances and extremes
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Methodology

Forecasting method AVDE

| Atmospheric model data | .
n State of the atmosphere in the near future I

N

Physical modeling
Site data > 4/ﬂ Descriptions of relevant physical processes

Environment
Turbines

Correlations /

Wind (power) forecast

8

n Wind (power) expected in the near future
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Methodology

Forecasting method AVDE
M AEMESPHEHE model data

Two vertical fevels, Horizontal grid covering site

Time step 1 or 3 hour up to +48 hour

Geographic coordinates Surface roughness:

Turbine hub height O Fetch <10 km open water: fixed surface roughness length

Physicalriodéling

Obstacles:

Height above mean sea level

Global roughness lengths 4
Site datacnotrs
Displacement heights Displacement height

Slope and offset on wind speed

Turbine power curve Atmospheric stability via Obukhov length:

QO Very stable conditions: Holtslag speed and temperature profiles

Slope and offset on wind power

O Otherwise: Businger-Dyer profiles

Wird'(BoWeH Torecast

nd bower confidénce interval

Time step 10 or 15 minutes up to +48 hour

Motivation & Outline - Methodology - Experience - Summary

www.ecn.nl

6



\

#location Lat
# wNl 52.606362
#

# date period
#[dy/mn/yr) [hr:mn

#

mis 13/02/2009
13/02/2009
35
30 4 ooo
254 14/02/2009
14/02/2009
20
14/02/2009
15 14/02/2009
10 L W, /02/2009
51“ 14/02/2009
0
13/02/2009 13/02/2009 13/02/2009 13/02/200¢
01:00 07:00 13:00 19:00 14/02/2009

14/02/2009
14/02/2009

14/02/2009

14/02/2009

14/02/2009

15/02/2009

Lon

4.3896

]

22:30-22:

23:

5-23
23:30-23

23:45-00:

:00-23:1

:30

:45

He
39

temp

[degC

w oW ow ow e s
b b b b o o

o o
o o b

@

I

gt
70

press

[hPa]

1011.7

1011.5

1013.9
1014.

1014.1
1014.1
1014.
1014.

ISR

1017.
1017.
1017.6
1017

o

1017.4
1017.3

Methodology

<
[T

® © o -

[de

312.
310.

A3
26.
26.
27.
27.
28.

240.
240.
239.
239.
239.
238.

Wind speed forecasting mode of AVDE

g

E oo w

<}

.39
.36

34
31

.29

.27

29
32
35
39

turbint

-]

.028
.021

019
018
017
017
016
.016

015
015
016
016
017

.017

\

N

kw

108000
86400

01:00

e

@
2009/02/13 2009/02/13 2009/0:

07:00

«

13:0

#location
# OEa

#

# Date
#(yr/mn/dy
¥
2009/02/13
2009/02/13

2009/02/14
2009/02/14
2009/02/14
2009/02/14
2009/02/14
2009/02/14

2009/02/14
2009/02/14
2009/02/14
2009/02/14
2009/02/14
2009/02/14

2009/02/15

Lat
52.608120

Period

[hr:mn

01:00-01:
130

01:15-01

00:15-00:

22:30-22
22:45-23

23:00-23:
130
145
:00

23:15-23
23:30-23
23:45-00

00:45-00:

4.

15

:45
:00

15

Lon Hgt
428997 70

PTU PowN

- [ks

5 4877.

6 4766.

1 33040.

2 31381.

3 29355.

4 27791.

5 25968.

6 24769.

91 24731.

92 26933.

93 29833

94 32203

95 35253.

96 38067

4 53126.

Bws

0.9781

o}
W,

PSS

RN

B RN b b

Bus

1

Bus.

-0.2340

POUE:

xp

[xw

3478.
3399.

28058.

21064.
22758.
25054.
27366.
30331.

32761

46431,

PowL

Methodology

2

cI

(kW

2800.

Aup

2.6000

Wind power forecasting mode of AVDE

1.0

Bup
000

POWHCL PowVarInt

(kW]

47515.
46435,

101652.
100428.
98864.
97277.
95221,

93674.

93253,

95937
98729

100640.
103084.
105086.

110339.

S b

[

o o

o o o o o o

o o o o o o

=1

194
194

055
058
053
053
048
.049

.043
041
046
043
048
046

.051

0.0000
WsExp Wd
[m/s] [deg]

4.4 312.6

4.3 310.2

7.7 25.3

7.6 25.7

7.4 26.2

7.3 26.6

7.1 27.1
7.0 27.4

7.1 240.3

7.3 239.9
7.5 239.5
7.7 239.1
8.0 238.6
8.2 238.2

9.2 236.3

www.ecn.nl

Rho

[kg/m3

272
272

274
274
274

274
.275

.275

274
274

.274

273
273
273




\

Methodology

Hierarchy of forecasts

date 1, run00 —_

date 1, run06
date 1, run12
date 1, run18
date 2, run00
date 2, run06
date 2, run12
date 2, run18
etc.

date 1 date 2 date 3 date 4
00:00 h 00:00 h 00:00 h 00:00 h
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Methodology

Offshore Wind Farm Egmond aan Zee

Source: www.offshorewindenergy.org
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Methodology

Offshore Wind Farifi Egmond aan Zee

1111111171008
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Methodology

Imbalance system

a Programme imbalance

o Imbalance energy: E,, =AE = E, -E,. = c (P, -P

mea fre mea fre

):CAP

a Surplus energy: E., = E,, if E

imb

>0 < AP>0

L S

o Shortage energy: E_, = E,, <0 & AP<0
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Experience
Forecast optimization
o Systematic forecasts errors

o Optimized wind speed forecast

a W +b if 4<W <20 m/s

frc,opt = w frc, AVDE w frc,AVDE —

= (aw + 0'25bw) Wfrc,AVDE if 0< Wfrc,AVDE <4 m/s
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Z Xperience
Forecast optimization
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Experience

Economic value of forecasting

o Imbalance fee = 0.11p,. E

mea

o Imbalance payment = p_ E..— P E..
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Experience

Economic value of forecasting

o Imbalance fee

o Imbalance payment
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Experience

Predictability of exceedances and extremes

o Exceedances
* 24.5 m/s < wind speed < 28.5 m/s
*  28.5 m/s < wind speed < 32.6 m/s
* wind speed > 32.6 m/s

o Extremes
* Smallest resp. largest value
* Largest downward resp. upward change
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Experience

Predictability of exceedances and extremes

o Predictability of exceedances: Low
o Predictability of extremes: Poor

a Early-warning ability: Some evidence
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AR g e e

Short-term output prediction OWEZ

Wind forecasting
Reporting period 2004-06-01 - 2006-05-31

Short-term output prediction OWEZ

Reporting period 2007-01-01 - 2007-06-30

4 Brang —

[ ] NogrdzeeWind N

NocrdzeeWind o]

Public reports available from NoordzeeWind
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