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Abstract

NoordzeeWind carries out an extensive monitoring and evaluation programme (NSW-MEP) as part of 
the project Offshore Wind Farm Egmond aan Zee (OWEZ). Task 1.7.2 of this programme is "short-
term output prediction".

This report describes for the period between 1st July 2007 and 31st March 2008:

 Day-ahead forecasts of the power output of the OWEZ, day-ahead energy prices from the 
APX, and settlement prices from TenneT; as stored in the NSW-MEP database maintained by 
ECN.

 Overviews of measured and forecasted energy, the corresponding programme imbalance plus 
the associated fictitious payments and fees, as well as information on exceedances and ex-
tremes; also stored in the database.

 An assessment of
(i) the value of wind power forecasting and 
(ii) the use of such forecasts at events like storms.

In addition this report evaluates the experience over the entire period between 1st January 2007 and 
31st March 2008 and for that reason is the final report on Task 1.7.2.

As to the value of the applied wind power forecasting for the OWEZ there is evidence that the best 
choice for OWEZ is to accept imbalance payments (OWEZ settles imbalance energy with TenneT) 
rather than with an imbalance fee (a third party takes care of imbalance energy), and that optimized 
forecasts are the more economic choice over not-optimized forecasts..

The main conclusion on the use of wind power forecasts at events like storms is that the predictability 
of exceedances is low and that the predictability of extremes is poor. There is some evidence for the 
ability to serve as an early warning to high wind-speed cut-out.
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1. Introduction

NoordzeeWind carries out an extensive monitoring and evaluation programme (NSW-MEP) as part of 
the project Offshore Wind farm Egmond aan Zee (OWEZ). The objective of Task 1.7.2 "short-term 
output prediction" of this programme is:

 To create day-ahead forecasts of the power output of the wind farm, and to store these in the 
NSW-MEP database maintained by ECN,

 To acquire imbalance prices (APX and TenneT), and store these in the database,
 To produce daily overviews of measured and forecasted power, as well as imbalance energy-

and imbalance cost with and without forecasting, and
 To assess

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

The measured data employed in this task comprise wind power and turbine state, plus wind speed and 
wind direction. These data were retrieved from the SCADA system of the turbines.

The offtake agreement or PPA between NoordzeeWind and Nuon is confidential. Electricity prices 
used in this task include prices on the day-ahead market and settlement prices for programme imbal-
ance which are available in the public domain. The day-ahead prices originate from APX under an end 
user licence agreement with ECN. The public prices for feed-into or extract-from the electricity sys-
tem originate from TenneT [TenneT].

The forecasted data were made by ECN. Wind power, wind speed, wind direction and air density for 
the day of delivery originate from the wind power forecasting method AVDE [Brand & Kok, 
2003][Brand, 2006b][Brand, 2008]. Turbine state for the day of delivery, on the other hand, is based 
on the turbine state on the day before delivery.

This report describes for the period between 1st July 2007 and 31st March 20081:

 Day-ahead forecasts of the power output of the OWEZ, day-ahead energy prices from the 
APX, and settlement prices from TenneT; as stored in the NSW-MEP database maintained by 
ECN.

 Overviews of measured and forecasted energy, the corresponding programme imbalance plus
the associated fictitious payments and fees, as well as exceedances and extremes; also stored 
in the database.

 An assessment of the value of wind power forecasting and the use of such forecasts at events 
like storms.

In addition this report evaluates the experience over the entire period and for that reason is the final 
report on Task 1.7.2 "short-term output prediction".

First, the forecasting and evaluation methodologies are described in chapter 2. Next, in chapter 3 the 
experience with and an evaluation of output prediction and in chapter 4 an evaluation over the entire 
period are presented. And finally, chapter 5 summarizes and concludes the outcome.

Acknowledgement
The Offshore wind Farm Egmond aan Zee has a subsidy of the Ministry of Economic Affairs under 
the CO2 Reduction Scheme of the Netherlands

                                               
1  It is complementary to the report on the period from 1st January to 30th June 2007 (Brand, 2008)



8                                              OWEZ_R_172_20070101-20080331                      ECN-E--08-054



ECN-E--08-054                       OWEZ_R_172_20070101-20080331                                             9

2. Methodology

2.1 Measurements
The measured data were obtained from the OWEZ database and comprise wind power and turbine 
state for each of the 36 wind turbines in the OWEZ, plus wind speed and wind direction from the met-
mast near WT#8 (1st January 2007 - 30th June 2007) or from turbine #8 (1st July 2007 - 31th March 
2008). The reason for this change was the opportunity to investigate any difference in forecasting error
between metmast and nacelle measured wind speed. Wind measurements at turbine #8 are closer to the 
wind farm and for that reason better represent the wind in the wind farm. Moreover, usually a wind 
farm does not have a high-quality metmast, so that conclusions based on in-situ wind measurements 
are more general. As described in section 3.3, as a consequence of the different wind measurements 
the correlation between measured and forecasted wind, and consequently also the compensation of 
systematic errors, is different in the two periods. The forecasting errors however are of the same order 
of magnitude. For the second period a nacelle transfer function was not used because this function was 
not available when the analysis was made2. Moreover, any deviation is a systematic error which is ac-
counted for by the error compensation.

If the power of an individual turbine is greater than zero and it has been in operation for at least 597.6 
seconds in a ten-minute period, individual power and state are accumulated into the power and the 
state of the wind farm; otherwise power and state of the wind farm are flagged with an error value.

The measured data were linearly interpolated from averages over 10-minute periods into averages over 
15-minute periods [Brand, 2006a]. The reason is that 15-minutes are the basic averaging period in the 
electricity sector (Programme Time Unit).

The 15-minute averaged wind power P (in MW) is transformed into the energy E (in MWh) which is 
produced during that 15-minute period:

PcE   with c = 0.25 h;

for example if the average wind power in the period between 0:00 and 0:15 h is 4 MW then in that pe-
riod 1 MWh of energy is produced.

2.2 Forecasts
Day-ahead forecasts3 were made with the ECN wind power forecasting method AVDE. These fore-
casts comprise the 15-minute averaged wind power of the OWEZ, plus the 15-minute averaged wind 
speed, wind direction and air density at 70 meter above mean sea level in the location of the OWEZ. 
Out of the 4 different day-ahead forecasts issued per day the +24 hour forecast (run00) was selected 
because it is the only forecast that is available before market closure. Here +hh hour indicates the lead-
time to the first 15-minute period of the next day in Universal Time.

The wind speed forecasts are compensated for systematic errors by using the slope and the offset of 
the linear correlation between measured and forecasted wind speed in the undisturbed sectors as de-
rived over the preceding six-month period [Brand, 2008]. (In an undisturbed sector the wind is not in-
fluenced by upstream wind turbines.) The optimized wind speed forecast Wfrc,opt is:

                                               
2  Later on, the nacelle transfer function was found to be close to one in sectors with a sufficient amount of data
3  Fourteen days lack forecasts because of undelivered or defect HiRLAM files (format moda): 0805, 0806, 0823, 0827, 0830, 
0901, 0918, 1018, 1019, 1020, 1026, 1029, 0129 and 0204
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14.0W924.0W AVDE,frcopt,frc    if  20W4 AVDE,frc   m/s

AVDE,frcopt,frc W889.0W    if  4W0 AVDE,frc   m/s,

where Wfrc,AVDE is the not yet optimized forecast. Note that for wind speeds beyond 20 m/s the first re-
lation is employed as well; the correlation in this range could not be established because of lack of 
high wind speed data.

The wind power forecasts from AVDE are compensated for the expected availability of the OWEZ. 
To this end the wind farm state at 6:00 UT of the day before delivery is employed as the expected 
wind farm state during the day of delivery.

The forecast of the 15-minute averaged wind power is transformed into the forecast of the energy pro-
duced in that 15-minute period.

2.3 Imbalance, surplus and shortage with respect to programme
In the context of the electricity market a wind energy forecast that is issued before market closure on 
the day before delivery is the programme for the energy to be produced in 15-minute intervals during 
the day of delivery. In this report it is assumed that all forecasted energy is put into the programme4.

In addition it is assumed that any deviation from the programme, the so-called programme imbalance, 
is settled on the day after delivery. Such a deviation comes in two types: surplus or shortage. In the 
case of surplus with respect to the programme (measured energy greater than forecasted energy) en-
ergy is fed into the electricity system so that energy is sold to the system operator TenneT. On the 
other hand, in the case of shortage with respect to the programme (measurement less than forecast) en-
ergy is extracted from the electricity system so that energy is bought from TenneT.

The production normalized imbalance, defined as the ratio of the imbalance energy (sum of surplus 
energy and shortage energy) and the measured energy, is the major indicator for the impact of imbal-
ance.

2.4 Wind power, wind speed and wind direction forecast errors
Evaluating forecasting errors has two functions in wind power forecasting:

 To give measures for the uncertainty of the forecasts, and
 To allow for an improvement of the forecasts in the case of systematic error sources.

Forecasting error is the difference between the measured and the forecasted value of a quantity (wind 
power, wind speed, wind direction or air density). Forecasting error indicators include [Madsen, 
2005]:

 The mean forecasting error
 The mean squared forecasting error, and
 The mean absolute forecasting error;

                                               
4  A more complicated bidding strategy is beyond the scope of this project
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where in this report the mean is valid for either a single day or the total period of in this case 6 months.
Usually the power related error indicators are normalized to the production.

The mean forecasting error, also known as the systematic forecasting error or the bias, expresses to 
what extent the average of a number of measurements corresponds to the average of the corresponding
forecasts. Mean forecasting error is caused by differences between reality and model which remain the 
same over time, such as processes not taken into account in the atmospheric model or errors in the 
employed power curve, and for that reason is a measure of the bias of a forecast. As will be explained 
in section 2.5, by correlating measured and forecasted values it is possible to minimize the systematic 
forecasting error, and by doing so to create optimized forecasts.

The mean squared forecasting error, also known as the standard deviation of the forecasting error, ex-
presses the width of the forecast error distribution and for that reason is a measure of the probability of 
a correct forecast. The mean absolute error does the same, but for the absolute value of the difference 
between measurement and forecast. These errors are caused by differences between reality and model 
from one moment to the other, such as unexpected changes in weather or unplanned turbine stops, and 
cannot be corrected for.

Note that, apart from the conversion from power to energy explained in section 2.1, there is a direct 
relation between wind power forecasting error ΔP and programme imbalance energy Eimb, and between 
positive/negative wind power forecasting error and surplus/shortage energy5:

Imbalance energy:   PcPPcEEEE frcmeafrcmeaimb  

Surplus energy: 0P0EifEE imbimbsur  

Shortage energy: 0P0EifEE imbimbsho  

Power forecasting error originates from different sources. In this study we consider the sources which 
can be identified on basis of the data6: availability, wind speed, and power curve, plus the category 
"other" which cannot be attributed to any of the preceding sources:

    otherfrcmeasmeasfrcmeasmeasotherc&s.availfrcmeas PPPAAAPPPPPP  ,

where Ameas-Afrc and Pmeas-Pfrc indicate the forecasting error in the availability and the farm power, re-
spectively, and ΔPother indicates the not-quantified forecasting error. Here availability A is the percent-
age of the total number of turbines that are in operation; for example A = 0.75 if 27 out of the 36 tur-
bines are producing power. The error Pmeas-Pfrc in the farm power originates from two sources: the er-
ror in the wind speed forecast and the error in the wind farm power curve. The error in the wind farm 
power curve is the difference between the real and the modelled wind farm power curve. The mod-
elled wind farm power curve is the sectorwise curve as provided by NoordzeeWind. The error in this
power curve is estimated to be less than 9%.

2.5 Forecast optimization
In forecast optimization errors that remain the same over time are removed from the forecasts. To this 
end first the systematic forecast error and next the optimized forecast is determined.

                                               
5  Measurement minus forecast. Note that in this way forecast error corresponds to the definition of programme imbalance 
(power forecast error): measured power minus forecasted power
6  To this end the total differential of ΔPfarm with Pfarm = A Pturb is employed
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First the systematic forecast error is considered. In this report the systematic error is determined in two 
ways:

 By employing regression parameters, and
 By determining bulk averages.

As in the preceding reports on wind (power) forecasting [Brand, 2006b][Brand, 2008], the regression 
parameters are the slope αW and the offset βW of the linear regression

wmeawfrc WW  

between measured wind speed Wmea and forecasted wind speed Wfrc, and these define the measure 
ΔWsys of the systematic wind speed forecast error:

  WmeaWsys βWα1W  .

Assuming that the uncertainty in the measured wind speed is 0.5 m/s or better, any combination of 
slope and offset giving ΔWsys ≤ 0.5 m/s for 0 m/s ≤ Wmea ≤ 25 m/s indicates that the forecasts were al-
most perfect, whereas combinations giving 0.5 m/s < ΔWsys ≤ 1.0 m/s indicate that the forecasts were 
good. On the other hand, combinations that give ΔWsys > 1.0 m/s indicate that the systematic wind 
speed forecasting error is significantly larger than the measurement error. In that case a compensation 
for the systematic forecasted error is needed.

The bulk average <Wmea> of the measured wind speed is an indication of the wind climate in the given 
period. The bulk averages <Wfrc> and <ΔW> of wind speed forecast resp. forecast error express to 
what extent the climate is reproduced by the forecasts. Again, error values less than 0.5 m/s indicate 
near perfect forecasts whereas error values between 0.5 m/s and 1.0 m/s indicate good forecasts and 
error values beyond 1.0 m/s indicate bad forecasts which must be compensated for.

Regressions and confidence intervals are determined on basis of the average of the forecasted wind 
speed in 0.5 m/s bins of measured wind speed that contain at least 0.5% of the total number of data 
points and that are larger than 4 m/s. Bulk averages, as the name suggests, are based on all data points.

Next, the optimized forecast is determined. To this end the measured and the forecasted wind speed 
are correlated to the linear relation:

wAVDE,frcwmea bWaW  .

Hence the optimized, that is compensated for systematic errors, wind speed forecast is:

wAVDE,frcwopt,frc bWaW    if  20W4 AVDE,frc   m/s

and

  AVDE,frcwwopt,frc Wb25.0aW    if  4W0 AVDE,frc   m/s,

where the latter takes care of a smooth transient to zero wind speed.
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2.6 Value of wind power forecasting
Since the offtake agreement or PPA between NoordzeeWind and Nuon is confidential, assumptions 
have been made in order to assess the value of wind power forecasting for the OWEZ. In this report 
two types of payment for imbalance energy are considered: one based on the assumption that the 
OWEZ settles imbalance energy with TenneT, and the other based on the assumption that imbalance 
energy is taken care of by a third party.

In the case that the OWEZ settles imbalance energy with TenneT it is assumed that shortage energy 
Esho is bought from TenneT at the price pext for energy extraction, and that surplus energy Esur is sold to 
TenneT at the price pfin for energy feed-in for that period. The net imbalance payment to TenneT then 
consists of the payment by the OWEZ to TenneT (for shortage), minus the payment by TenneT to the 
OWEZ (for surplus):

imbalance payment surfinshoext EpEp  .

Note that a negative value of the imbalance payment indicates a payment by TenneT to the OWEZ.

In the case that a third party takes care of imbalance energy, on basis of an assessment of the costs of 
imbalance [Van Tilburg, 2008, section 7.2], it is assumed that the OWEZ pays an imbalance fee which 
is based on the measured energy Emea and a price equal to 11% of the APX price pAPX that is valid for 
that particular period:

imbalance fee meaAPX Ep11.0 .

To this end the hourly price is applied to the four 15-minute periods in that hour.

The difference between the imbalance payment and the imbalance fee is the key indicator on the value 
of wind power forecasting for the OWEZ.

2.7 Exceedances and extremes
In this report exceedances are related to a high wind speed cut-out events, where one or more wind 
turbines in the wind farm shut down because the cut-out wind speed, assumed to be 25 m/s at hub 
height, is reached. In this context an exceedance is the period when the 15-minute value of the wind 
speed at 70 meter is greater than a preset threshold. Inspired by the Beaufort-scale based categories of
KNMI7, this report considers three categories:

 Hurricane - Wind speed larger than 32.6 m/s
 Severe storm - Wind speed larger than 28.5 m/s but not larger than 32.6 m/s.
 Heavy storm - Wind speed larger than 24.5 m/s but not larger than 28.5 m/s.

Measured as well as forecasted exceedances are distinguished.

In this report extremes are:

 The smallest and the largest 15-minute value of a quantity (wind power, wind speed, wind 
direction or air density) in a given period (one day or six months).

 The largest downward and upward change of a quantity between two consecutive 15-minute 
periods, again in the given period.

                                               
7  Note KNMI considers the hourly averaged rather than the 15-minute averaged wind speed, a height of 10 meter rather than 
70 meter, and the threshold to be exceeded in at least two rather than only one site
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Measured as well as forecasted extremes are distinguished.

Whether of not a forecasted exceedance/extreme was measured, or a measured one was forecasted, is 
the key indicator on the use of forecasts at events like storms.
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3. Experience 1st July 2007 to 31st March 2008

3.1 Daily base
Over a given day the experience with the prediction system is expressed in a summary of the perform-
ance plus a list with the data per 15-minute period.

The summary of the performance consists of four fields:

 Energy and payments.
 Statistics (minimum, maximum and average) of wind farm state, wind power, wind speed, 

wind direction and air density; and largest downward and upward change.
 Power forecasting error measures.
 Wind speed forecasting error measures.

Also indicated are the number of 15-minute periods on which a value is based, and the ptu8 when a 
given statistical value occurred. Table 3.1 shows an example that is valid for 1st July 2007.

The list consists of a table with:

 Date, period and ptu.
 Farm state, measured and forecasted.
 Energy, measured and forecasted.
 Energy prices for day-ahead (APX), and feed-in and extraction (TenneT).
 Surplus energy and shortage energy.
 Payment by TenneT to OWEZ, by OWEZ to TenneT, and net imbalance payment.
 Imbalance fee.
 Wind speed, measured and forecasted.
 Wind direction, measured and forecasted.
 Air density, forecasted.

As an example table 3.2 shows an excerpt from the data valid for 1st July 2007.

                                               
8  Each 15-minute periods in a day has an unique programme time unit (ptu)
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Table 3.1 Example of a daily summary of the performance of the prediction system; 1st July 2007. 
Here nqtr is the number of 15-minute periods on which a value is based, and iqtr indicates
when a minimum/maximum or largest downward/upward change occurred. Value -999 
indicates missing or erroneous data

20070701 opt /cpc /regu   

Energy and payments

 Sold to TenneT [nqtr][EUR][kWh] 96 7011.63 292354.2

 Bought from TenneT [nqtr][EUR][kWh] 96 1528.94 53243.1

 Net imbalance payment [nqtr][EUR] 96 -5482.70

 Imbalance fee [nqtr][EUR] 96 2605.93

 Energy produced [nqtr][kWh] 96 1106907.6

 Energy forecasted [nqtr][kWh] 96 867796.4

 Net imbalance payment vs production ratio [EUR/MWh] -4.95

 Imbalance fee vs production ratio [EUR/MWh] 2.35

 Production normalised imbalance [%] 31.22

Statistics

 Farm state observed (min/ave/max) [nqtr][%][%][%][iqtr][iqtr] 96 30.6 97.2 97.2 93 1

 Farm state forecasted (min/ave/max) [nqtr][%][%][%][iqtr][iqtr] 96 97.2 97.2 97.2 1 1

 Farm state largest changes observed (down/up) [nqtr][%][%][iqtr][iqtr] 95 -61.1 66.7 93 94

 Wind power observed (min/ave/max) [nqtr][kW][kW][kW][iqtr][iqtr] 96 5902.1 46121.1 90042.8 8 57

 Wind power forecasted (min/ave/max) [nqtr][kW][kW][kW][iqtr][iqtr] 96 11981.6 36158.2 73417.7 93 44

 Wind power largest change observed (down/up) [nqtr][kW][kW][iqtr][iqtr] 95 -34041.9 35891.3 93 94

 Wind power largest change forecasted (down/up) [nqtr][kW][kW][iqtr][iqtr] 95 -4557.8 6286.3 71 42

 Wind speed observed (min/ave/max) [nqtr][m/s][m/s][m/s][iqtr][iqtr] 96 5.9 9.5 13.8 7 57

 Wind speed forecasted (min/ave/max) [nqtr][m/s][m/s][m/s][iqtr][iqtr] 96 6.3 8.6 11.3 89 43

 Wind speed largest change observed (down/up) [nqtr][m/s][m/s][iqtr][iqtr] 95 -1.5 2.6 7 26

 Wind speed largest change forecasted (down/up) [nqtr][m/s][m/s][iqtr][iqtr] 95 -0.3 0.3 69 33

 Wind direction observed (min/ave/max) [nqtr][deg][deg][deg][iqtr][iqtr] 95 64.0 186.2 259.0 7 84

 Wind direction forecasted (min/ave/max) [nqtr][deg][deg][deg][iqtr][iqtr] 96 147.6 183.5 236.8 96 68

 Wind direction largest change observed (down/up) [nqtr][deg][deg][iqtr][iqtr] 93 -128.6 160.3 7 84

 Wind direction largest change forecasted (down/up) [nqtr][deg][deg][iqtr][iqtr] 95 -5.9 6.1 91 47

 Air density observed (min/ave/max) [nqtr][kg/m3][kg/m3][kg/m3][iqtr][iqtr] 0 -999 -999 -999 96 68

 Air density forecasted (min/ave/max) [nqtr][kg/m3][kg/m3][kg/m3][iqtr][iqtr] 96 1.183 1.191 1.202 60 1

 Air density largest change observed (down/up) [nqtr][kg/m3][kg/m3][iqtr][iqtr] 0 999 -999 91 47

 Air density largest change forecasted (down/up) [nqtr][kg/m3][kg/m3][iqtr][iqtr] 95 -0.002 0.001 59 49

Power forecasting

  mean error [kW] 9963.0

  mean absolute error [kW] 14399.9

  mean squared error [kW] 16651.0

  production normalised mean error [%] 21.6

  production normalised mean absolute error [%] 31.2

  production normalised mean squared error [%] 36.1

  capacity normalised mean error [%] 9.2

  capacity normalised mean absolute error [%] 13.3

  capacity normalised mean squared error [%] 15.4

Wind speed forecasting

 mean error [m/s] 0.877

 mean absolute error [m/s] 1.304

 mean squared error [m/s] 1.435
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Table 3.2 Excerpt from a daily list with the performance of the prediction system; 1st July 2007; calculated power curve

Date

[da/mo/year]

Period

[hr:mi]

PTE

[-]

Farm 
state
Obser-
ved

[%]

Farm 
state
Fore
casted

[%]

Energy
Obser-
ved

[kWh]

Energy
Fore-
casted

[kWh]

Energy 
price
day-ahead

[EUR/
MWh]

Energy 
price
sell-to

[EUR/
MWh]

Energy 
price
buy-from

[EUR/
MWh]

Surplus
Energy

[kWh]

Shortage
Energy

[kWh]

Paid 
by TenneT
to OWEZ

[EUR]

Paid 
to TenneT
by OWEZ

[EUR]

Net
imbalance
payment

[EUR]

Imbalance
fee

[EUR]

Wind 
speed
Obser-
ved

[m/s]

Wind 
speed
Fore-
casted

[m/s]

Wind 
direction
Obser-
ved

[deg]

Wind 
direction
Fore-
casted

[deg]

Air 
density
Obser-
ved

[kg/
m**3]

Air 
density
Fore-
casted

[kg/
m**3]

01/07/2007 00:00-00:15 1 97.2 97.2 4323.6 3412.2 24.52 -10.00 -10.00 911.4 0.0 -9.11 0.00 9.11 11.66 7.4 6.6 189.2 161.2 -999 1.202

01/07/2007 00:15-00:30 2 88.9 97.2 3738.1 3444.5 24.52 0.00 0.00 293.6 0.0 0.00 0.00 0.00 10.08 7.4 6.7 192.9 160.5 -999 1.202

01/07/2007 00:30-00:45 3 88.9 97.2 4167.5 3530.3 24.52 0.00 0.00 637.3 0.0 0.00 0.00 0.00 11.24 7.4 6.7 196.3 159.4 -999 1.201

01/07/2007 00:45-01:00 4 91.7 97.2 4922.4 3634.7 24.52 0.00 0.00 1287.7 0.0 0.00 0.00 0.00 13.28 7.2 6.8 198.9 158.6 -999 1.201

01/07/2007 01:00-01:15 5 94.4 97.2 6056.1 3755.4 21.29 37.00 37.00 2300.7 0.0 85.13 0.00 -85.13 14.18 7.8 6.9 198.9 157.5 -999 1.201

01/07/2007 01:15-01:30 6 94.4 97.2 4976.8 3845.0 21.29 9.86 33.90 1131.8 0.0 11.16 0.00 -11.16 11.66 7.4 6.9 192.6 156.6 -999 1.201

…

01/07/2007 22:30-22:45 91 97.2 97.2 13102.1 3330.4 29.53 49.39 49.39 9771.7 0.0 482.63 0.00 -482.63 42.56 9.7 6.3 186.7 166.4 -999 1.187

01/07/2007 22:45-23:00 92 91.7 97.2 12229.5 3104.4 29.53 47.80 47.80 9125.1 0.0 436.18 0.00 -436.18 39.73 9.7 6.4 189.1 162.0 -999 1.187

01/07/2007 23:00-23:15 93 30.6 97.2 3719.1 2995.4 25.99 42.90 42.90 723.7 0.0 31.04 0.00 -31.04 10.63 9.4 6.4 189.1 157.0 -999 1.187

01/07/2007 23:15-23:30 94 97.2 97.2 12691.9 3102.7 25.99 36.12 36.12 9589.2 0.0 346.36 0.00 -346.36 36.28 9.8 6.5 191.7 153.5 -999 1.188

01/07/2007 23:30-23:45 95 97.2 97.2 13644.0 3289.4 25.99 33.00 33.00 10354.6 0.0 341.70 0.00 -341.70 39.01 10.2 6.6 195.2 149.9 -999 1.188

01/07/2007 23:45-00:00 96 97.2 97.2 12158.9 3460.7 25.99 33.00 33.00 8698.2 0.0 287.04 0.00 -287.04 34.76 10.1 6.7 190.5 147.6 -999 1.188
Accumulated
over day

01/07/2007 00:00-24:00 1106907.6 867796.4 292354.2 53243.1 7011.63 1528.94 -5482.70 2605.93
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3.2 Total period
Figure 3.1 presents the time series of the measured wind power, forecasted wind power and wind 
power forecast error over the total period from 1st July 2007 to 31st March 20089.

Figure 3.2 presents the omni-directional scatter plot and the 84% confidence interval (m–s, m+s) of 
forecast versus measurement. This interval was determined from the bin average m and the standard 
deviation s of the forecasted wind power Pi in power bins of 2500 kW:





N

1i
iP

N
1m  and  

2N

1i
i

2 mP
N
1s 



 .

It indicates the probability of a correct forecast.

The experience with the system also is expressed in a summary of the data plus a list with the data per 
15-minute period. Table 3.3 presents the overview data. The contribution to the database consists of 
this list.

Figure 3.3 presents the time series of the measured wind speed, forecasted wind speed and wind speed 
forecast error. Note the long period without measured data in November and December 2007. Figure 
3.4 shows the omni-directional scatter plot and the 84% confidence intervals of forecasted versus 
measured wind speed for a bin width of 0.5 m/s.

And the figures 3.5 and 3.6 do the same for the wind direction (bin width of 7.5 deg). Note, apart from 
the long period without measured data, the period with erroneous data. The periods with missing 
and/or erroneous data were not taken into account in the analyses in the chapters 3 and 4.

                                               
9  Time series over the period from 1st January 2007 to 30th June 2007 have been reported separately (Brand, 2008)
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Figure 3.1 Time series of measured wind power, forecasted wind power and wind power forecast 
error between 1st July 2007 and 31st March 2008
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Figure 3.2 Scatter plot and 84% confidence interval of measured and forecasted wind power; 1st July 
2007 - 31st March 2008
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Table 3.3 Summary of the performance of the prediction system between 1st July 2007 and 31st 
March 2008. Here nqtr is the number of 15-minute periods on which a value is based, and 
iqtr indicates when a minimum/maximum or largest downward/upward change occurred. 
Value -999 indicates missing or erroneous data

20070701-20080331 opt /cpc /regu   

Energy and payments

 Sold to TenneT [nqtr][EUR][kWh] 25147 2914701.83 62697684.1

 Bought from TenneT [nqtr][EUR][kWh] 25147 1270628.05 21331803.1

 Net imbalance payment [nqtr][EUR] 25147 -
1644073.78

 Imbalance fee [nqtr][EUR] 26395 1406691.24

 Energy produced [nqtr][kWh] 26395 246564736.4

 Energy forecasted [nqtr][kWh] 25147 196588390.1

 Net imbalance payment vs production ratio [EUR/MWh] -6.67

 Imbalance fee vs production ratio [EUR/MWh] 5.71

 Production normalised imbalance [%] 34.08

Statistics

 Farm state observed (min/ave/max) [nqtr][%][%][%][iqtr][iqtr] 26395 0.0 0.0 100.0 2007/07/08=37 2007/07/22=96

 Farm state forecasted (min/ave/max) [nqtr][%][%][%][iqtr][iqtr] 26395 0.0 62.7 100.0 2007/07/11=01 2007/08/10=01

 Farm state largest changes observed (down/up) [nqtr][%][%][iqtr][iqtr] 26394 -94.4 97.2 2007/07/22=79 2007/08/24=10

 Wind power observed (min/ave/max) [nqtr][kW][kW][kW][iqtr][iqtr] 26395 0.0 37365.4 108010.3 2007/07/08=37 2007/08/21=89

 Wind power forecasted (min/ave/max) [nqtr][kW][kW][kW][iqtr][iqtr] 25147 0.0 31270.3 102318.2 2007/07/08=80 2007/07/07=04

 Wind power largest change observed (down/up) [nqtr][kW][kW][iqtr][iqtr] 26394 -69015.2 78291.5 2007/07/20=93 2007/09/24=48

 Wind power largest change forecasted (down/up) [nqtr][kW][kW][iqtr][iqtr] 25135 -62563.8 95266.2 2008/03/01=93 2007/07/21=01

 Wind speed observed (min/ave/max) [nqtr][m/s][m/s][m/s][iqtr][iqtr] 20097 0.7 9.9 25.4 2007/09/22=45 2008/01/31=51

 Wind speed forecasted (min/ave/max) [nqtr][m/s][m/s][m/s][iqtr][iqtr] 25051 0.2 9.5 28.4 2007/10/08=73 2008/01/31=61

 Wind speed largest change observed (down/up) [nqtr][m/s][m/s][iqtr][iqtr] 20093 -5.8 10.4 2008/03/20=85 2007/07/24=23

 Wind speed largest change forecasted (down/up) [nqtr][m/s][m/s][iqtr][iqtr] 25039 -9.0 6.6 2008/02/02=01 2007/07/24=01

 Wind direction observed (min/ave/max) [nqtr][deg][deg][deg][iqtr][iqtr] 19352 0.0 239.4 345.0 2007/08/09=29 2007/08/09=07

 Wind direction forecasted (min/ave/max) [nqtr][deg][deg][deg][iqtr][iqtr] 24140 0.0 246.5 344.9 2007/09/07=32 2007/07/16=93

 Wind direction largest change observed (down/up) [nqtr][deg][deg][iqtr][iqtr] 19212 -164.9 166.4 2007/09/15=77 2007/07/16=85

 Wind direction largest change forecasted (down/up) [nqtr][deg][deg][iqtr][iqtr] 24043 -163.1 179.1 2007/07/09=01 2008/03/31=88

 Air density observed (min/ave/max) [nqtr][kg/m3][kg/m3][kg/m3][iqtr][iqtr] 0 -999 -999 -999 2007/09/07=32 2007/07/16=93

 Air density forecasted (min/ave/max) [nqtr][kg/m3][kg/m3][kg/m3][iqtr][iqtr] 25051 1.149 1.228 1.317 2007/08/15=25 2008/02/16=40

 Air density largest change observed (down/up) [nqtr][kg/m3][kg/m3][iqtr][iqtr] 0 999 -999 2007/07/09=01 2008/03/31=88

 Air density largest change forecasted (down/up) [nqtr][kg/m3][kg/m3][iqtr][iqtr] 25039 -0.025 0.039 2007/12/02=01 2008/02/02=01

Power forecasting

  mean error [kW] 6579.9

  mean absolute error [kW] 13366.1

  mean squared error [kW] 19294.2

  production normalised mean error [%] 17.4

  production normalised mean absolute error [%] 35.3

  production normalised mean squared error [%] 51.0

  capacity normalised mean error [%] 6.1

  capacity normalised mean absolute error [%] 12.4

  capacity normalised mean squared error [%] 17.9

Wind speed forecasting

 mean error [m/s] 0.483

 mean absolute error [m/s] 1.854

 mean squared error [m/s] 2.371
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Figure 3.3 Time series of measured wind speed, forecasted wind speed and wind speed forecast error
between 1st July 2007 and 31st March 2008. Note the period without measured data
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Figure 3.4 Scatter plot and 84% confidence interval of measured and forecasted wind speed; 1st July 
2007 - 31st March 2008
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Figure 3.5 Time series of measured wind direction, forecasted wind direction and wind direction 
forecast error from 1st July 2007 to 31st March 2008. Note period without measured data

measurement and +24 h forecast, 
omni directional

-15

15

45

75

105

135

165

195

225

255

285

315

345

-15 15 45 75 105 135 165 195 225 255 285 315 345
measured wind direction [deg]

fo
re

ca
st

ed
 w

in
d 

di
re

ct
io

n 
[d

eg
]

84% confidence interval, 
omni directional, lead time +24 h

-15

15

45

75

105

135

165

195

225

255

285

315

345

-15 15 45 75 105 135 165 195 225 255 285 315 345
measured wind direction [deg]

fo
re

ca
st

ed
 w

in
d 

di
re

ct
io

n 
[d

eg
]

Figure 3.6 Scatter plot and 84% confidence interval of measured and forecasted wind direction; 1st 
July 2007 - 31st March 2008
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3.3 Impact of systematic forecasting errors
In this section, on basis of the methods outlined in section 2.5, the compensation of systematic errors 
is assessed. This includes an update of the optimized wind speed forecasts as determined in the pre-
ceding period. This update is required because, as explained in section 2.1, the wind measurement 
changed (different location and different sensor) and because the season is different (January - June 
versus July - March). In particular the change in the wind measurement causes a change in the correla-
tion between measured and forecasted wind speed. Note that extra parameters may improve the opti-
misation10, but in general such an analysis requires a much longer (~10 years) period. In general, fore-
casts for wind farms will be more reliable when the correlation is applied for longer periods and when 
the wind farm is longer in operation.

For the period from 1st July 2007 to 31st March 2008 table 3.4 presents the:

 Slope αW and offset βW of the linear regression between measured and forecasted wind speed, 
and

 Bulk averages <Wmea> of measured wind speed, <Wfrc> of forecasted wind speed, and <ΔW> 
of wind speed forecast error.

The data in table 3.4 show that:

 In the "undisturbed" sectors between 165 deg and 315 deg the wind speed forecasting error is 
smaller than in the other sectors.

 In all sectors the systematic forecasting error is smaller than calculated in the preceding pe-
riod [Brand, 2008]11, and

 In several sectors the systematic forecasting error is larger than 1 m/s.

The systematic forecasting error being larger than 1 m/s, the compensation of the systematic wind 
speed forecast error needs an update as indicated above. The update of the compensation of systematic 
wind speed forecast errors is achieved by correlating the measured and the not-optimized forecasted 
wind speed in the undisturbed sectors. It is found that, for measured wind speeds between 4 m/s and 
20 m/s, the slope aw and the offset bw of the linear correlation between the two wind speeds are +0.978
and –0.23 m/s, respectively. Hence the update of the optimized wind speed forecast is:

23.0W978.0W AVDE,frcopt,frc    if  20W4 AVDE,frc   m/s

AVDE,frcopt,frc W921.0W    if  4W0 AVDE,frc   m/s,

A check of the optimized wind speed forecasts consists of subsequently correlating the measured and 
the forecasted wind power (as based on the optimized wind speed) to the linear relation

PAVDE,frcPmea bPaP  .

It is found that the slope ap and the offset bp of the linear correlation are +1.291 and –160.5 kW, re-
spectively.

Table 3.5 summarizes the impact of systematic forecasting error compensation. It appears that the im-
balance payment decreases but that the production normalized mean power forecasting error increases 
if optimized forecast are used. The other indicators remain of the same order of magnitude.

                                               
10  For example season, turbulence intensity, or atmospheric stability
11  This illustrates the impact of compensation of systematic errors
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Table 3.4 Performance of AVDE on basis of +24 hour wind forecasts in the period between 1st July 
2007 and 31st March 2008. Presented are sectorwise slope and offset of the linear 
regression between measured and forecasted wind speed, and bulk averages of measured 
wind speed, forecasted wind speed, and wind speed forecast error

  2007/07 - 2008/03
  +24 hour forecast                                             Wind Direction Sector [deg]

–015 -
   015

015 -
   045

045 -
    075

075 -
    105

105 -
   135

135 -
    165

165 -
    195

195 -
    225

225 -
   255

255 -
    285

285 -
   315

315 -
    345

 omni

 Regression Slope [-] 0.870 0.889 0.845 0.847 0.836 0.908 0.865 0.952 0.936 1.058 0.768 0.719 0.950

Offset [m/s] 1.00 0.51 -0.13 -0.21 0.29 -0.29 0.55 0.11 0.40 -0.42 1.38 3.03 -0.10

 Bulk averageMeasured wind speed [m/s] 9.30 7.39 6.17 8.04 7.13 10.64 12.12 11.64 11.40 9.83 8,27 9.28 9.93

Forecasted wind speed[m/s] 8.58 7.04 5.34 6.72 6.36 9.52 11.17 11.27 11.16 10.07 7.70 9.53 9.45

Wind speed frc. error [m/s] 0.73 0.36 0.83 1.32 0.77 1.11 0.96 0.36 0.24 -0.24 0.57 -0.25 0.49

Table 3.5 Impact of systematic errors on the key indicators for economics, imbalance and 
forecasting errors in the period 1st July 2007 to 31st March 2008 (r) and the period 1st 
January 2007 to 30th June 2007 (p)

Type of forecast Imbalance
payment

Production 
normalized 
programme 
imbalance

Wind power Wind speed

Production
normalized

mean
error

Production
normalized

mean
absolute

error

Production
normalized

mean
squared

error

Mean 
error

Mean 
absolute 

error

Mean 
squared 

error

[EUR/MWh] [%] [%] [%] [%] [m/s] [m/s] [m/s]

Period r p r p r p r p r p r p r p r p

Optimized –6.67 1.45 34.4 35.5 17.9 –0.6 35.6 35.8 51.2 48.9 0.48 –0.13 1.85 1.74 2.37 2.39

Not-optimized –2.26 5.44 33.2 34.2 7.9 –10.5 34.4 34.6 52.2 46.6 –0.44 –1.06 1.95 2.08 2.54 2.54
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Table 3.6 shows the distribution of the power forecasting error over the quantified error sources 
(availability, wind speed, power curve) and the not-quantified ones. Most of the forecasting error is 
found to originate from the wind speed, but also the significant fraction of the order of 20% is found to 
originate from not-quantified sources. A negative value of an error indicates that the measured value is 
larger than the forecasted value.

Table 3.6 Distribution of the power forecasting error over the error sources availability, wind speed, 
power curve, and the not-quantified fraction in the period 1st July 2007 to 31st March 
2008 (r) and the period 1st January 2007 to 30th June 2007 (p)

Period Total
[%]

Availability
[%]

Wind speed
[%]

Power curve
[%]

Remainder
[%]

p 100 -2 71 - 80 < 9 22
r 100 9 65 - 74 < 9 17
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3.4 Economic value of forecasting
The average imbalance fee is found to be 5.71 EUR/MWh over the period from 1st July 2007 to 31st 
March 2008 (table 3.1, line 10). This value is to be compared to the imbalance payment to TenneT in 
the case of optimized and not-optimized forecasts. As is clear from table 3.5 in both cases the nett pay-
ment is from TenneT to the OWEZ so that anyway the best choice for OWEZ is to accept imbalance 
payments. Also it is clear that the actual value of the imbalance payment depends heavily on whether
optimized wind speed forecasts (–6.67 EUR/MWh) or not-optimized wind speed forecasts (–2.26
EUR/MWh) are used. Nevertheless after these nine months of experience there is evidence that the
best choice for OWEZ is to accept imbalance payments (OWEZ settles imbalance energy with Ten-
neT) rather than with an imbalance fee (a third party takes care of imbalance energy), and that opti-
mized forecasts are the more economic choice over not-optimized forecasts12.

3.5 Predictability of exceedances and extremes
Table 3.6 on page 31-32 presents for the period 1st July 2007 to 31st March 2008 the 15-minute peri-
ods when the measured or the forecasted wind speed is more than 24.5 m/s indicating heavy storm, se-
vere storm or hurricane13. From the columns with wind speed data it is concluded that the predictabil-
ity of exceedances is low: just 3 of the 38 forecasted exceedances did occur. Table 3.6 also presents 
the 15-minute periods when the measured or the forecasted energy reaches zero after a considerably 
higher value. The columns with energy show that four cut-outs occurred in the reporting period, but 
that only one of these was predicted (although at a different time):

 31st January 2008: The cut-out expected between 12:15 h and 13:45 h already has occurred
at 11:45 h.

 1st March 2008: A cut-out is not expected but occurs at 5:00 h.
 12th March 2008: A cut-out is not expected but occurs at 9:45 h, and another one at 11:30 h.

The success rate 1:4 means that 1 out of 4 cut-outs were correctly predicted. Note that the ability to 
predict exceedances depends on the look-ahead time. For example, the +18 hour forecast predicts all 
exceedances but with an uncertainty in time of two or more hours, whereas the +12 hour and the +6 
hour forecasts predict the same with a uncertainty in time of the order of one hour. It therefore is ad-
vantageous to use the +12 hour and +6 hour forecasts for operational reasons, although these can not 
be used for the day-ahead prediction.

From an inspection of the statistics in the daily overviews it is concluded that the predictability of ex-
treme values (minima and maxima) or extreme events (largest downward and upward changes) is 
poor: the extremes that were predicted did not occur, and the extremes that occurred were not pre-
dicted. For example on 1st July 2007 (table 3.1) the maximum power of the day is expected to be 
73417.7 kW at 10:45 h. The measured maximum power however is found to be different (90042.8 
kW) and found to have occurred at a different moment (14:00 h). As another example the expected 
largest upward change of the day is 6286.3 kW at 10:15 h, whereas the measured largest upward-
change is different both in magnitude (35891.3 kW) and moment (23:15 h).

                                               
12  The system for "programmaverantwoordelijkheid" was set up to provide a financial incentive to PRP's with the sole objec-
tive to minimize programme imbalance. This experience now shows that optimization for minimal programme imbalance 
generally does not result in minimal imbalance payments, and vice versa. So a PRP who minimizes his programme imbalance 
usually does not minimize his imbalance payments. For this reason for a PRP it is not logical to choose for optimized fore-
casts when he knows that not-optimized forecasts would cost him less
13  Exceedances and extremes in the period from 1st January 2007 to 30th June 2007 have been reported separately (Brand,
2008)
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4. Evaluation of experience over the entire period

4.1 Impact of systematic forecasting errors
Most of the forecasting error is found to originate from the wind speed, but also the significant fraction 
of the order of 20% is found to originate from non-quantified sources. See table 3.6 which shows the 
distribution of the power forecasting error over the error sources (availability, wind speed, power 
curve).

The values of the optimization parameters have found to differ between the two periods; see section 
3.3 in this report and section 3.3 in Brand, 2008. This implies that in the period 1st July 2007 to 31st 
March 2008 the sources of systematic error have changed with respect to the preceding period. Since a 
significant fraction of the forecasting error has been found to originate from not-quantified sources 
(see table 3.6) it is concluded that it is unlikely that a "final optimization" exists. In addition it is con-
cluded that updating the forecast based on realisations must be done when more data has become 
available when the wind farm is longer in operation.

4.2 Economic value of forecasting
The best choice for OWEZ is to accept imbalance payments (OWEZ settles imbalance energy with 
TenneT) rather than pay an imbalance fee (a third party takes care of imbalance energy), and opti-
mized forecasts are found to be the more economic choice over not-optimized forecasts. Optimized 
forecasts understandably require a preceding initialization period.

4.3 Predictability of exceedances and extremes
The predictability of exceedances is found to be low but high wind-speed cut-out events have been 
forecasted at the day-ahead level with a success rate of 1:4 but with a delay or lead of three hours. The 
predictability of these events improves when look-ahead time is shorter; the +6 hour forecasts predict 
all events with a delay/lead of the order of 1 hour.
The predictability of extreme values (minima and maxima) or extreme events (largest downward and 
upward changes) is found to be poor: the extremes that were predicted did not occur, and the extremes 
that occurred were not predicted.
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5. Summary and conclusion

For the periods between 1st January 2007 and 30th June 2007 and between 1st July 2007 and 31st 
March 2008 overviews of measured and forecasted power, the corresponding programme imbalance, 
imbalance payments and fees, as well as information on exceedances (wind speed beyond 24.5 m/s) 
and extremes are stored in the NSW-MEP database maintained by ECN.

As to the value of the applied wind power forecasting for the OWEZ there is evidence that the best 
choice for OWEZ is to accept imbalance payments (OWEZ settles imbalance energy with TenneT) 
rather than with an imbalance fee (a third party takes care of imbalance energy), and that optimized 
forecasts are the more economic choice over not-optimized forecasts.

Regarding the use of wind power forecasting to predict events like storms at the day-ahead level it is 
concluded that the predictability of exceedances is low and that the predictability of extremes is poor. 
High wind-speed cut-out was predicted with a success rate of 1:4, but this predictability improves con-
siderably when look-ahead time is shorter than day-ahead.
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Table 3.6 List with wind speed exceedances in the period between 1st July 2007 and 31st March 2008; calculated power curve

Date

[da/mo/year]

Period

[hr:mi]

PTE

[-]

Farm 
state
Obser-
ved

[%]

Farm 
state
Fore
casted

[%]

Energy
Obser-
ved

[kWh]

Energy
Fore-
casted

[kWh]

Energy 
price
day-ahead

[EUR/
MWh]

Energy 
price
sell-to

[EUR/
MWh]

Energy 
price
buy-from

[EUR/
MWh]

Surplus
Energy

[kWh]

Shortage
Energy

[kWh]

Paid 
by TenneT
to OWEZ

[EUR]

Paid 
to TenneT
by OWEZ

[EUR]

Net 
imbalance
payment

[EUR]

Imbalance
fee

[EUR]

Wind 
speed
Obser-
ved

[m/s]

Wind 
speed
Fore-
casted

[m/s]

Wind 
direction
Obser-
ved

[deg]

Wind 
direction
Fore-
casted

[deg]

Air 
density
Obser-
ved

[kg/
m**3]

Air 
density
Fore-
casted

[kg/
m**3]

31/01/2008 11:45-12:00 48 0.0 58.3 0.0 15677.2 89.98 89.52 89.52 0.0 15677.2 0.00 1403.43 1403.43 0.00 23.9 23.7 190.8 202.7 -999 1.221

31/01/2008 12:00-12:15 49 0.0 58.3 0.0 15611.1 82.08 78.25 78.25 0.0 15611.1 0.00 1221.57 1221.57 0.00 24.5 24.1 190.8 203.0 -999 1.220

31/01/2008 12:15-12:30 50 0.0 58.3 0.0 15448.9 82.08 76.00 76.00 0.0 15448.9 0.00 1174.11 1174.11 0.00 24.4 24.4 190.8 203.2 -999 1.218

31/01/2008 12:30-12:45 51 0.0 58.3 0.0 10023.9 82.08 40.52 40.52 0.0 10023.9 0.00 406.17 406.17 0.00 25.4 24.9 191.0 203.6 -999 1.216

31/01/2008 12:45-13:00 52 0.0 58.3 0.0 4368.9 82.08 65.96 65.96 0.0 4368.9 0.00 288.17 288.17 0.00 25.1 25.2 194.1 203.9 -999 1.214

31/01/2008 13:00-13:15 53 0.0 58.3 0.0 98.9 79.98 83.16 83.16 0.0 98.9 0.00 8.23 8.23 0.00 24.4 25.7 195.4 204.3 -999 1.211

31/01/2008 13:15-13:30 54 0.0 58.3 0.0 46.8 79.98 82.53 82.53 0.0 46.8 0.00 3.86 3.86 0.00 25.3 26.1 195.4 204.7 -999 1.207

31/01/2008 13:30-13:45 55 0.0 58.3 0.0 0.0 79.98 75.19 75.19 0.0 0.0 0.00 0.00 0.00 0.00 24.3 26.6 195.4 205.3 -999 1.203

31/01/2008 13:45-14:00 56 0.0 58.3 0.0 0.0 79.98 114.66 114.66 0.0 0.0 0.00 0.00 0.00 0.00 24.0 27.1 197.3 205.8 -999 1.199

31/01/2008 14:00-14:15 57 0.0 58.3 0.0 0.0 79.94 118.50 118.50 0.0 0.0 0.00 0.00 0.00 0.00 23.1 27.5 201.6 206.5 -999 1.194

31/01/2008 14:15-14:30 58 0.0 58.3 0.0 0.0 79.94 84.70 84.70 0.0 0.0 0.00 0.00 0.00 0.00 19.0 27.8 227.4 207.0 -999 1.190

31/01/2008 14:30-14:45 59 47.2 58.3 12685.8 0.0 79.94 67.00 67.00 12685.8 0.0 849.95 0.00 -849.95 111.55 16.1 28.1 229.0 207.7 -999 1.187

31/01/2008 14:45-15:00 60 58.3 58.3 15752.1 0.0 79.94 77.00 77.00 15752.1 0.0 1212.91 0.00 -1212.91 138.51 15.9 28.3 228.5 208.2 -999 1.185

31/01/2008 15:00-15:15 61 58.3 58.3 15749.1 0.0 71.95 77.00 77.00 15749.1 0.0 1212.68 0.00 -1212.68 124.65 15.0 28.4 214.8 208.5 -999 1.185

31/01/2008 15:15-15:30 62 58.3 58.3 15752.3 0.0 71.95 80.94 80.94 15752.3 0.0 1275.00 0.00 -1275.00 124.67 15.4 28.3 205.3 208.6 -999 1.186

31/01/2008 15:30-15:45 63 58.3 58.3 15752.5 0.0 71.95 99.19 99.19 15752.5 0.0 1562.49 0.00 -1562.49 124.67 16.1 28.1 199.8 208.7 -999 1.190

31/01/2008 15:45-16:00 64 58.3 58.3 15752.7 0.0 71.95 96.74 96.74 15752.7 0.0 1523.91 0.00 -1523.91 124.67 16.6 27.8 204.0 208.8 -999 1.194

31/01/2008 16:00-16:15 65 58.3 58.3 15752.3 0.0 73.91 143.19 143.19 15752.3 0.0 2255.57 0.00 -2255.57 128.07 15.8 27.1 205.5 209.1 -999 1.200

31/01/2008 16:15-16:30 66 58.3 58.3 15752.1 20.1 73.91 137.19 137.19 15732 0.0 2158.27 0.00 -2158.27 128.07 15.7 26.4 208.3 209.7 -999 1.205

31/01/2008 16:30-16:45 67 58.3 58.3 15665.5 1689.1 73.91 102.46 102.46 13976.4 0.0 1432.02 0.00 -1432.02 127.36 14.5 25.5 214.3 210.9 -999 1.211

31/01/2008 16:45-17:00 68 58.3 58.3 15668.1 9747.4 73.91 80.19 80.19 5920.7 0.0 474.78 0.00 -474.78 127.38 15.6 24.9 219.9 212.2 -999 1.214

31/01/2008 17:00-17:15 69 58.3 58.3 15752.0 15583.6 75.94 19.57 19.57 168.3 0.0 3.29 0.00 -3.29 131.58 16.3 23.8 226.2 214.5 -999 1.216
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Date

[da/mo/year]

Period

[hr:mi]

PTE

[-]

Farm 
state
Obser-
ved

[%]

Farm 
state
Fore
casted

[%]

Energy
Obser-
ved

[kWh]

Energy
Fore-
casted

[kWh]

Energy 
price
day-ahead

[EUR/
MWh]

Energy 
price
sell-to

[EUR/
MWh]

Energy 
price
buy-from

[EUR/
MWh]

Surplus
Energy

[kWh]

Shortage
Energy

[kWh]

Paid 
by TenneT
to OWEZ

[EUR]

Paid 
to TenneT
by OWEZ

[EUR]

Net 
imbalance
payment

[EUR]

Imbalance
fee

[EUR]

Wind 
speed
Obser-
ved

[m/s]

Wind 
speed
Fore-
casted

[m/s]

Wind 
direction
Obser-
ved

[deg]

Wind 
direction
Fore-
casted

[deg]

Air 
density
Obser-
ved

[kg/
m**3]

Air 
density
Fore-
casted

[kg/
m**3]

01/03/2008 05:00-05:15 21 0.0 58.3 0.0 15045.2 17.93 59.19 59.19 0.0 15045.2 0.00 890.52 890.52 0.00 23.9 24.4 270.2 277.7 -999 1.178

01/03/2008 05:15-05:30 22 0.0 58.3 0.0 14809.7 17.93 54.06 54.06 0.0 14809.7 0.00 800.61 800.61 0.00 23.5 24.5 270.2 278.8 -999 1.179

01/03/2008 05:30-05:45 23 0.0 58.3 0.0 13384.9 17.93 53.43 53.43 0.0 13384.9 0.00 715.16 715.16 0.00 23.7 24.6 268.0 280.1 -999 1.180

01/03/2008 05:45-06:00 24 0.0 58.3 0.0 12099.3 17.93 57.19 57.19 0.0 12099.3 0.00 691.96 691.96 0.00 23.4 24.7 270.2 281.1 -999 1.181

01/03/2008 06:00-06:15 25 0.0 58.3 0.0 10543.5 17.95 62.69 62.69 0.0 10543.5 0.00 660.97 660.97 0.00 22.7 24.8 270.2 282.3 -999 1.183

01/03/2008 06:15-06:30 26 0.0 58.3 0.0 9404.1 17.95 56.90 56.90 0.0 9404.1 0.00 535.09 535.09 0.00 22.6 24.9 270.2 283.3 -999 1.184

01/03/2008 06:30-06:45 27 0.0 58.3 0.0 8225.0 17.95 64.41 64.41 0.0 8225.0 0.00 529.77 529.77 0.00 22.7 25.0 271.5 284.4 -999 1.187

01/03/2008 06:45-07:00 28 0.0 58.3 0.0 7559.9 17.95 67.06 67.06 0.0 7559.9 0.00 506.97 506.97 0.00 23.0 25.0 274.9 285.2 -999 1.188

01/03/2008 07:00-07:15 29 0.0 58.3 0.0 7194.1 33.99 74.56 74.56 0.0 7194.1 0.00 536.39 536.39 0.00 22.3 25.0 275.4 286.0 -999 1.190

01/03/2008 07:15-07:30 30 0.0 58.3 0.0 7320.3 33.99 68.58 68.58 0.0 7320.3 0.00 502.03 502.03 0.00 21.8 25.0 275.4 286.7 -999 1.191

01/03/2008 07:30-07:45 31 11.1 58.3 3000.6 7987.8 33.99 67.00 67.00 0.0 4987.2 0.00 334.14 334.14 11.22 22.3 25.0 275.4 287.4 -999 1.192

01/03/2008 07:45-08:00 32 33.3 58.3 8995.4 8890.8 33.99 72.19 72.19 104.6 0.0 7.55 0.00 -7.55 33.63 21.7 24.9 275.4 287.9 -999 1.193

01/03/2008 08:00-08:15 33 19.4 58.3 5250.9 10421.9 49.00 77.00 77.00 0.0 5171.0 0.00 398.17 398.17 28.30 21.2 24.8 275.4 288.5 -999 1.193

01/03/2008 08:15-08:30 34 19.4 58.3 5250.9 11933.4 49.00 126.73 126.73 0.0 6682.4 0.00 846.87 846.87 28.30 22.3 24.7 275.4 289.0 -999 1.193

01/03/2008 08:30-08:45 35 8.3 58.3 2250.3 14143.6 49.00 128.24 128.24 0.0 11893.3 0.00 1525.19 1525.19 12.13 22.0 24.6 279.2 289.7 -999 1.194

01/03/2008 08:45-09:00 36 11.1 58.3 3000.6 15200.9 49.00 128.24 128.24 0.0 12200.3 0.00 1564.57 1564.57 16.17 20.7 24.4 281.1 290.3 -999 1.194

12/03/2008 09:45-10:00 40 0.0 69.4 0.0 18226.0 93.00 536.00 536.00 0.0 18226.0 0.00 9769.15 9769.15 0.00 23.4 24.4 249.9 254.9 -999 1.199

12/03/2008 10:00-10:15 41 0.0 69.4 0.0 17882.5 99.96 110.19 110.19 0.0 17882.5 0.00 1970.47 1970.47 0.00 22.7 24.5 251.1 256.0 -999 1.198

12/03/2008 10:15-10:30 42 0.0 69.4 0.0 16937.3 99.96 167.69 167.69 0.0 16937.3 0.00 2840.21 2840.21 0.00 22.8 24.6 251.3 257.0 -999 1.198

12/03/2008 10:30-10:45 43 0.0 69.4 0.0 16461.1 99.96 147.96 147.96 0.0 16461.1 0.00 2435.58 2435.58 0.00 22.2 24.6 252.8 258.3 -999 1.198

12/03/2008 10:45-11:00 44 0.0 69.4 0.0 16566.5 99.96 153.19 153.19 0.0 16566.5 0.00 2537.82 2537.82 0.00 22.1 24.6 256.5 259.5 -999 1.198

12/03/2008 11:00-11:15 45 11.1 69.4 3000.5 17221.0 80.00 125.74 125.74 0.0 14220.5 0.00 1788.09 1788.09 26.40 21.8 24.6 258.3 261.0 -999 1.198

12/03/2008 11:15-11:30 46 11.1 69.4 3000.5 18005.6 80.00 205.19 205.19 0.0 15005.1 0.00 3078.89 3078.89 26.40 22.7 24.5 259.4 262.2 -999 1.198

12/03/2008 11:30-11:45 47 0.0 69.4 0.0 18208.2 80.00 205.19 205.19 0.0 18208.2 0.00 3736.13 3736.13 0.00 21.8 24.4 261.1 263.7 -999 1.198

12/03/2008 11:45-12:00 48 0.0 69.4 0.0 18215.8 80.00 160.19 160.19 0.0 18215.8 0.00 2918.00 2918.00 0.00 20.8 24.4 264.8 264.8 -999 1.198
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