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Motivation

Monitoring and Evaluation Programme NSW-MEP
∗ Organised learning by measurement and evaluation
Task 1.7.2 “Short-term Output Prediction”
∗ Sub-contracted to ECN by NoordzeeWind
Objectives:
∗ To produce daily overviews of measured and forecasted 

power, as well as imbalance energy and imbalance cost
∗ To assess

(i)  The value of wind power forecasting on project basis, and 
(ii) The use of such forecasts at events like storms
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Summary

OWEZ is better of with imbalance payments

Optimized day-ahead forecasts are the more economic

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
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Outline

Methodology
∗ Forecasting method
∗ Offshore Windfarm Egmond aan Zee
∗ Imbalance system

Experience
∗ Forecast optimization
∗ Economic value of forecasting
∗ Predictability of exceedances and extremes
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Forecasting method AVDE

Methodology

Site data

Atmospheric model data

Wind (power) forecast

Physical modeling

State of the atmosphere in the near future

Wind (power) expected in the near future

Environment 
Turbines 

Correlations

Descriptions of relevant physical processes
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Forecasting method AVDE

Geographic coordinates

Turbine hub height 

Height above mean sea level

Global roughness lengths

Local roughness lengths

Displacement heights

Slope and offset on wind speed

Turbine power curve

Slope and offset on wind power

Two wind speed components + Temperature + Pressure

Two vertical levels, Horizontal grid covering site

Time step 1 or 3 hour up to +48 hour

Wind speed confidence interval

Wind power confidence interval

Time step 10 or 15 minutes up to +48 hour

Surface roughness:

Fetch <10 km open water: fixed surface roughness length

Otherwise: Charnock relation

Obstacles:

Displacement height

Atmospheric stability via Obukhov length:

Very stable conditions: Holtslag speed and temperature profiles

Otherwise: Businger-Dyer profiles

Site data
Physical modeling

Atmospheric model data

Wind (power) forecast

Methodology
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Wind speed forecasting mode of AVDE

turbulence intensity 
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wind speed 
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#location     Lat       Lon     Hgt

# wN1      52.606362  4.389639   70

#

#   date       period        temp    press    ws     wd        mol    turbint

#[dy/mn/yr]    [hr:mn]      [degC]   [hPa]   [m/s]  [deg]     [hm]      [-] 

#

13/02/2009   01:00-01:15      3.6   1011.7    4.3   312.4      3.04    0.028

13/02/2009   01:15-01:30      3.6   1011.5    4.2   310.2      0.75    0.021

...

...

14/02/2009   00:00-00:15      4.0   1013.9    8.2    25.6      0.39    0.019

14/02/2009   00:15-00:30      4.0   1014.0    8.0    26.1      0.36    0.018

14/02/2009   00:30-00:45      3.9   1014.1    7.9    26.6      0.34    0.017

14/02/2009   00:45-01:00      3.9   1014.1    7.7    27.1      0.31    0.017

14/02/2009   01:00-01:15      3.9   1014.2    7.6    27.6      0.29    0.016

14/02/2009   01:15-01:30      3.9   1014.2    7.5    28.0      0.27    0.016

...

...

14/02/2009   22:30-22:45      4.9   1017.8    7.4   240.7      0.27    0.015

14/02/2009   22:45-23:00      5.0   1017.7    7.7   240.3      0.29    0.015

14/02/2009   23:00-23:15      5.0   1017.6    7.9   239.9      0.32    0.016

14/02/2009   23:15-23:30      5.1   1017.5    8.1   239.5      0.35    0.016

14/02/2009   23:30-23:45      5.1   1017.4    8.4   239.1      0.39    0.017

14/02/2009   23:45-00:00      5.2   1017.3    8.6   238.7      0.43    0.017

...

...

15/02/2009   01:00-01:15      5.5   1016.7    9.9   236.5      0.84    0.021

Methodology
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Wind power forecasting mode of AVDE

air density
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wind power variation intensity 
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#location     Lat       Lon     Hgt    Aws      Bws1     Bws2      Awp      Bwp

# OEa      52.608120  4.428997   70     0.9781    -0.2340     2.6000     1.0000     0.0000

#

#   Date       Period       PTU    PowNO       PowExp   PowLCL   PowHCL PowVarInt  WsExp  Wd    Rho    

#[yr/mn/dy]    [hr:mn]      [-]      [kW]        [kW]     [kW]     [kW]     [-]    [m/s] [deg]  [kg/m3]

#

2009/02/13   01:00-01:15     5     4877.2      3478.8      0.0  47515.3    0.194    4.4  312.6  1.272  

2009/02/13   01:15-01:30     6     4766.4      3399.7      0.0  46435.4    0.194    4.3  310.2  1.272  

...

...

2009/02/14   00:00-00:15     1    33040.6     28058.0     72.1 101652.3    0.055    7.7   25.3  1.274  

2009/02/14   00:15-00:30     2    31381.4     26434.5     14.6 100428.2    0.058    7.6   25.7  1.274  

2009/02/14   00:30-00:45     3    29355.3     24667.6      3.4  98864.7    0.053    7.4   26.2  1.274  

2009/02/14   00:45-01:00     4    27791.6     23497.8      2.9  97277.3    0.053    7.3   26.6  1.274  

2009/02/14   01:00-01:15     5    25968.9     22127.0      2.3  95221.7    0.048    7.1   27.1  1.275  

2009/02/14   01:15-01:30     6    24769.0     21096.1      1.8  93674.9    0.049    7.0   27.4  1.275  

...

...

2009/02/14   22:30-22:45    91    24731.9     21064.6      2.0  93253.9    0.043    7.1  240.3  1.274  

2009/02/14   22:45-23:00    92    26933.9     22758.2      2.7  95937.3    0.041    7.3  239.9  1.274  

2009/02/14   23:00-23:15    93    29833.2     25054.5     11.5  98729.7    0.046    7.5  239.5  1.274  

2009/02/14   23:15-23:30    94    32203.4     27366.4     77.6 100640.7    0.043    7.7  239.1  1.273  

2009/02/14   23:30-23:45    95    35253.1     30331.8    204.4 103084.4    0.048    8.0  238.6  1.273  

2009/02/14   23:45-00:00    96    38067.5     32761.4    308.3 105086.8    0.046    8.2  238.2  1.273  

...

...

2009/02/15   00:45-00:00     4    53126.6     46431.3   2800.7 110339.2    0.051    9.2  236.3  1.271  

Methodology
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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 
00:00 h

date 2 
00:00 h

date 3 
00:00 h

date 4 
00:00 h

Hierarchy of forecasts

Methodology
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Offshore Wind Farm Egmond aan Zee
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Methodology

Offshore Wind Farm Egmond aan Zee
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Imbalance system

Methodology

Programme imbalance

Imbalance energy:

Surplus energy:

Shortage energy: 0P0EifEE imbimbsho <Δ⇔<=

0P0EifEE imbimbsur >Δ⇔>=

( ) PcPPcEEEE frcmeafrcmeaimb Δ=−=−=Δ=
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Forecast optimization

Systematic forecasts errors

Optimized wind speed forecast

∗ if                                   m/s

∗ if                                   m/s

Experience

wAVDE,frcwopt,frc bWaW += 20W4 AVDE,frc ≤≤

( ) AVDE,frcwwopt,frc Wb25.0aW += 4W0 AVDE,frc ≤≤
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Forecast optimization

Experience
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Economic value of forecasting

Imbalance fee 

Imbalance payment

Experience

meaAPX Ep11.0=

surfinshoext EpEp −=
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Economic value of forecasting

Imbalance fee

Imbalance payment

Experience
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Predictability of exceedances and extremes

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

Extremes
∗ Smallest resp. largest value
∗ Largest downward resp. upward change

Experience
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Predictability of exceedances and extremes

Predictability of exceedances: Low

Predictability of extremes: Poor

Early-warning ability: Some evidence

Experience
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Public reports available from NoordzeeWind
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Summary

OWEZ is better of with imbalance payments

Optimized day-ahead forecasts are the more economic

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
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