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11 OPERATION -  PERFORMANCE CHECK  

11.1 Introduction, definitions and step-by-step guide 

Operating turbines should frequently be checked if they perform as expected. There can be many reasons for 
poorer performance than expected when the project was designed. A major reason is that the model calculation 
had poor or wrong assumptions or the model did not handle the terrain well. But also operational issues like yaw 
errors, pitching problems, and unforeseen curtailments (e.g. grid), icing loss etc. could be the reason.  
 
With the WindPRO PERFORMANCE CHECK module it is possible in an efficient way to analyze the performance 
and find reasons for under (or over) performance. Typically there will be a huge data amount, like 10 min values 
of numerous parameters from the SCADA system or turbine controller to look at. But also ñjustò monthly 
production and eventually availability figures can be efficient analyzed with the tool. 
 
With the Performance Check module we have set up a flexible tool, which handles these typical situations: 
 

¶ Monthly data with wind energy index correction gives the expected long term (future) production. 

¶ Monthly data is analyzed against time varying PARK calculation aggregated monthly. 

¶ Detailed (10 min., hourly etc.) data is analyzed against detailed time varying PARK calculation. 

¶ Power curve validation based on detailed (10 min) wind speed, direction and power data. 

¶ General X-Y graphs for identifying turbine control problems or data quality. 
 
The first one requires a wind energy index, which can be downloaded from EMD Online data for some regions, 
established by the user by ñcopy pasteò, or generated by the comprehensive tool for wind energy index creation 
based on wind measurements, e.g. the free online available MERRA or CFSR data sources or the more detailed 
purchase able EMD-ConWx data or data from other data providers like Vortex or 3TIER.  
 
The last ones require time series of wind speed and direction, and preferable temperature and eventually 
pressure for air density correction. These data can come from a local measurement mast/Lidar/Sodar, from 
nacelle anemometer or from meso scale model data. In addition like RPM, pitch angle etc. can help identifying 
turbine operation problems. 
 
Of importance is to state: The Performance check module has two major purposes: 
 

¶ Helps to calibrate the model setup, so the expected long term production is calculated very accurate, 
which is very important if a project is going to be sold ï the expected production simply decides the sales 
price! 

¶ Analyze/identify turbine problems and/or model calculation problems ï first issue might be correctable, 
second issue gives benefits in knowhow for future projects in development. 

 
An important functionality in the performance check tool is the data filtering. No doubt that availability problems 
is the major reason for making it difficult to judge if like model calculations are right or wrong or if turbine 
performance is as it should be when in ñnormal operationò. Therefore, comprehensive filter options are a very 
important part of the tool. 
 
Besides filtering, data can be disabled. The disabling should only be used to take out erroneous data, but due 
to lack of filtering options (which will be expanded in future version) the disabling can also be used for 
identification of e.g. losses due to power curtailment. 
 

11.1.1 Basic concept 

 
The basic concept behind the module is: 
 
Time varying production_power data + availability (if any), wind direction, RPM, pitch angle etc. are imported 
into EXISTING WTG object data. More time series can be imported to an object, e.g. both monthly and 10 min. 
values. Data can be aggregated from e.g. 10-min. values to hourly values. A comprehensive importer tool (Meteo 
object like) is available for this. 
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A PAIR tool secures that the imported data are put into the right turbine object, so e.g. comparison of calculated 
vs measured are performed for the right turbine object. 
 
The data stored at the turbine object is chosen so data with a time resolution of one hour or higher (typically 10 
min) is stored as power values (kW), while data at lower time resolution (typically monthly) is stored as production 
(kWh). This is the typical way data are available and gives access to an easy check if data seems reasonable. 
 
There are two main ñentriesò to the tool: 
 

1. Monthly based Wind Index Corrected (WCP) production and/or analyses against monthly aggregated 
PARK calculated productions. 

2. Detailed time series data where PARK calculated vs measured and/or Power curve evaluation is 
performed. 

 
Both can be run for the same park, but in two separate ñsessionsò. When starting the tool, the session ñtypeò 
must be entered by giving it a name e.g. ñMonthlyò. More sessions of each type can be setup, meaning that like 
different data filtering is allocated to each session or different periods with different number of turbines operating. 
 
The wind energy index database must be mentioned as an important part of the basic concept. A comprehensive 
wind energy index database concept is developed. This handles as well ñofficialò wind energy indexôs as it has 
its own index calculator based on wind data. The wind data can be downloaded in METEO objects from the 
ONLINE data service, where like MERRA data or the EMD-ConWx data is some possible sources for creating 
own wind energy indexôs. 
 

11.1.2 Step-by-step guide ï wind index correction (long term AEP expectation) 

The most simple and very robust approach within Performance check module is to use this for wind index 
correction of measured monthly production data. It is although important to notice that a wind energy index can 
be biased and thereby lead to wrong results! 
 

Ç Get monthly production data into the existing WTG objects: 1) By importing online WTG data (only DK 
at present) 2) Paste from EXCEL into turbine objects or 3) Arrange the measured production data etc. 
in ascii text files ï then later set up import filter within Performance Check and load the data 

Ç Load PERFORMANCE CHECK module from menu bar.  
Ç Setup import filter for measured production data if data not already are loaded in existing WTG objects. 
Ç Decide which existing WTG objects to include in analysis (assumed created in project). 
Ç PAIR WTG IDôs from the import setup to existing turbine objects and load (import) the data. 
Ç Go to ñGraphicsò chose ñWindindex WCPò 
Ç Select a wind index (DK turbine index included, other might be added from previous sessions) or ñEdit 
databaseò and add a wind index by paste from Excel OR generate a new index from wind data, e.g. 
MERRA. 

Ç Check the correlation; utilize the filters, availability settings etc. to establish a trustworthy wind index 
Corrected Production (WCP) = long term production expectation for each turbine in analysis. 

Ç Use the different graph views to extract results to Excel or print the reports for documentation, prognoses 
etc. 

11.1.3 Step-by-step guide ï model calibration, loss estimate and long term expectation 

The more refined use of Performance Check is to use it in combination with a PARK calculation. The measured 
performance is compared to the calculated on time step basis, and thereby comparisons can be performed by 
different aggregations, like by direction, and problems in the calculation model or model setup or like needed 
scaling of meso scale wind data, can be identified and corrected. 
 

Ç Setup and run a time varying PARK calculation (Must be based on ñexisting WTG objectsò.). Note the 
aggregation level in the PARK setup, this should match the available production data (like month or hour 
or 10 min.). The wind data for the PARK calculation can be from one or more measurement masts in 
region or from nacelle measurements, BUT note the wind data must be ñwake freeò, which might require 
some preprocessing, like merging data from more sources by direction). An alternative is meso scale 
model data or other model data, like MERRA which always are wake free. 
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Ç Arrange the measured production data etc. in ascii text files ready for import. 

Ç Load PERFORMANCE CHECK module from menu bar.  
Ç Setup import filter for measured production data if data not already are loaded in existing WTG objects. 
Ç Decide which existing WTG objects to include in analysis. 
Ç PAIR WTG IDôs from the import setup to existing turbine objects and load (import) the data. 
Ç Utilize the analyzer and other tools to get ñthe ideaò what might be wrong ï leave Performance Check, 

modify the PARK calculation and run this again. Reopen the Performance Check session, load the new 
PARK calculation and see if modifications worked. Continue this process until results are satisfying. 

Ç Extract results from graphs, like loss, to Excel, to build up the documentation (no reporting available 
within this part of Performance Check) 

Ç If e.g. a meso data based calibration is performed, now run a new PARK calculation with found 
calibrations, based on like 20 year of meso scale data to calculate the expected long term AEP. 

11.2 Time varying PARK calculation (Optional) 

The time varying PARK calculation has to be introduced while this improves the use of the Performance check 
tool highly. Setting up a calculation model where in time variation is included offer the user the possibility to 
check if the model calculation performs well. The basic concept is to scale the wind data each time stamp to 
each turbine position. The transfer function (by direction) between the wind data source (measurement(s) or 
Meso scale data) and turbine position is calculated and used for each time stamp in the used wind data source. 
The transfer function is calculated by performing a WAsP of WAsP-CFD calculation on a generic wind distribution 
at as well measurement position as on each turbine position in hub height. The ratios between the calculated 
mean wind speeds (or Weibull A parameters), are the scaling factors. Refined options like RIX correction or 
displacement heights can be part of the calculation. Also turbulence are transferred by assuming constant st.dev. 
by height, the change in wind speed thereby leads to change in turbulence intensity at each WTG. The turbulence 
can be used for each time step to modify as well power curve as an input for advanced wake loss calculation. 
The air density can be calculated at each time stamp based on temperature and/or pressure data for correction 
of the power curve. Finally also shear and veer correction of power curves are optional. Using meso scale data 
gives access to a refined downscaling (taking out meso terrain, applying micro terrain), and a further advantage 
by use of meso scale data is that like the shear variations in time are respected in the calculation. See more 
details on calculation method in Chapter 3 ENERGY. 

11.2.1 Wind data etc. 

As input for the time varying PARK calculation wind speed and direction for one or more specific positions in 
METEO object(s) is used. This can be data from measurement masts, LIDAR/SODAR, Nacelle measurements 
or like meso scale model data. It must although be data that in time are concurrent to the turbine operation 
that shall be checked. Then often wake reductions are included, where the calculation model assumes the free 
wind speed. This can be handled by a quite comprehensive data cleaning where the wake reductions are ñtaken 
outò. An alternative is to combine data from more sources by direction, where only wake free measurements are 
used. Finally, the scaling by direction can be a simple way to compensate the wake influence, like this also could 
be used for removing like mast shadow. One problem here is although that the models do not work in smaller 
direction steps than 10 degrees. For like air density correction, it is often convenient to take temperature and 
turbulence from Meso scale data. Even though these are at hourly resolution, they can be used with 10 min. 
data, while an interpolation automatically is performed. Turbulence data are some more tricky. Having local 
measured data is of cause the best, but here are no simple way to correct for wake influence. Only by merging 
data from free measurements will give decent values. They can be taken from Meso scale data, but here a 
quality check should be performed, they could be much off, while the meso data for sure not will have the 
mechanical turbulence reasonable calculated due to the coarse resolution of the terrain data. Shear and veer 
the meso data can deliver. Using measured data shear and veer correction of power curves are not supported 
in ver. 3.0, where only one height is used. This will be changed for coming versions. 

11.2.2 Calculation setup 

The time varying calculation is selected in the PARK module by the following: 

http://www.emd.dk/
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The two right most icons estalish a time varying calculation. 
 

 
At the SETUP tab, the output for Performance check is defined. 
By default all turbines (existing) in calculation is included in the output, and the data are aggregated to monthly 
values. By monthly aggregation, the result file (and thereby the project file size) is heavily reduced. But if 10-

http://www.emd.dk/
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min. or hourly production data are available for doouing Performance check, the resolution shall be set to match 
the measurements. 

 
 
At the SCALING tab it is decided which wind data source(s) is to be used for time varying calculation.  
A very important component is the SCALER. 
The SCALER decides how the transfer function between wind data position and turbine positions are 
established. This can be based on as well the WAsP model as the WAsP-CFD model. It holds advanced features 
like meso scale data downscaling, RIX correction, displacement height calculation and the POST scaling option, 
which makes it possible to adjust the transfer function by direction, month, hour and wind speed. But most 
important the ñmain scalingò, which is the place where the general level of the wind speeds are adjusted to make 
calculation match measurements. The reason for this need is mainly when using meso scale data, which typically 
will be biased some relative to the real wind. For more information on the scaler, see Chapter 3 ENERGY. 
 

11.3 Data preparation and WTG object 

 The existing WTG object is the ñcenterò of the performance check module. The data structure of this object 
is expanded to hold data in time domain. This can be as well production as any other parameter like wind speed, 
direction, pitch angle, rpm etc.  

http://www.emd.dk/
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11.3.1 Structure of the data ï the existing WTG object 

 
The existing WTG object has a tab ñproduction dataò.  
 
Most important data are the production figures from the turbines. The basics are that with time resolution => 1 
hour (like 10 min.), it is power (kW) that is saved in the WTG objects. With time resolution < 1 hour (like monthly), 
it is production (kWh) that is saved at each time stamp. (If 1 hour resolution, the value for kW = kWh). If data are 
available in other units, e.g. accumulated production (meter readings), this can be converted by the importer 
tool, see later. 
 
In addition to power_production, any signal can be imported into the WTG objects. Most relevant is wind speed 
and direction, but also like RPM, pitch angle etc. can be relevant parameters for special analyses. 
 
Within the WTG object tab it is as well possible to paste data into as import data from the performance check 
module.  
 
Above is seen an overview of the data sets allocated to the object. The structure is that time series in different 
resolutions can be allocated, but only one series for a given time resolution. If there is a need for like two different 
sets of monthly data, there must be created a clone of the object. 
The form can be used to evaluate the ñroughò figures, like total MWh and simple 12 months MWh (average of all 
data scaled to a full year), to get a first impression of the production or to validate that the imported data is 
converted by the right unit and is plausible. 
 

http://www.emd.dk/
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Here a view of a specific time series. Data can be inserted from clipboard. This is the ñvery simpleò approach to 
get time varying data into the object. But having many turbines (or many data) it is handier to use the importer 
tool in the performance check module. The form can also be used for manual editing of the data if there e.g. in 
import files are erroneous data. 

11.3.2 Preparation of data for importer 

To use the Performance check importer to import the data to the existing WTG objects, some preparations of 
the data is needed. First of all, the data must be in ascii files. If they are in excel files, these must be saved as 
.txt or .csv or other text file formats. Tab file separated text data are recommended. 
 
Secondly, it is convenient to organize the files in an ñimport friendlyò way. Basically the import tool is very flexible, 
but it requires well (equally) structured files. If data from many turbines are to be imported, it will be convenient, 
if turbine identification in the import files are similar to an ID in the existing WTG object (description or user label). 
Basically the most important is that data files are organized so time stamp records appear row by row, with a 
ñplainò time stamp column, preferable like dd-mm-yyyy hh:mm. Avoid like Dec-12 in time stamp column. Months 
by names will not work due to language differences. 
 

http://www.emd.dk/
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11.4 PerfCheck; Start 

 
Activate the Performance Check module from the menu bar. 
 
Start with creating a new ñsessionò, or open a previous created. The naming is as indicated above typically 
related to the time resolution. Each time resolution is handled in its ñownò session. 
 

 
Starting a new session require to decide if new data are to be imported into the existing WTG objects, or already 
imported shall be used. 

http://www.emd.dk/
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11.4.1 Monthly data based 

A performance check session based on monthly data gives access to the wind index correction tool and the 
analyzer tool, where last mentioned needs that a time varying PARK calculation is performed with data 
aggregated on monthly level. PARK calculation with higher resolution can will although be aggregated on the 
run if selected. 

11.4.2 Detailed data based 

A performance check session based on detailed data gives access to the power curve tool and the analyzer tool, 
where last mentioned needs that a time varying PARK calculation is performed with non-aggregated data ï or 
aggregated to the level where measured data are available.  

11.5 Data  

At the data tab, import is handled, as well as pairing the import IDôd to turbine objects, and loading the data from 
files to the WTG objects. The time series can be reviewed, e.g. sorted etc. like in Meteo object. There is a special 
functionality for time shift, while turbine production might sometimes appear in local time and can even include 
daylight saving offset. This can be handled by the time shift functionality. 

11.5.1 Data ï Import setup 

 
First the data files might need some preparation ï e.g. if data are in Excel files. 
 
Open in Excel to evaluate the data structure ï copy header line + 2 first data lines and paste transposed to new 
sheet: 

 
This looks OK ï there is a unique WTG identifier in each column (shown as rows above), and the date format is 
dd-mm-yyyy hh:mm. Where hour:min is 00:00 Excel typical does not show the hour, but this is ok. What is NOT 
ok is if the date-time format not is ñstraight numbersò ï in such case convert to numbers in Excel before saving. 
(E.g. if month are by ñnameò like ñJanò, there will be problems identifying). 
 
Data must be converted to .txt files. Chose Save as: 

http://www.emd.dk/
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Use the Text Tab delimited, this is the most ñsafeò ï but if data already are in like .CSV files, no conversion is 
needed (if date-time format is ok). 
 
Doing this operation often or having really many files, there are tools for batch conversion of Excel to .txt for 
purchase. 

Start performance check session ï name it: 10min - import 

Add the files to the importer ï run Auto detect. This might identify some of the signals, but typically some manual 
selection will be needed. 
 

 
Remember to set the time zone ï some Scada data will be in UTC time, other in local time zone. You might later 
become aware of a time shift between calculations and measurements when viewing the time series, the wrong 
time zone in import might explain. 
 
Notice if ñTime stampò is converted: 

 
 
If not, you must enter the unit: 

 
 
Run the WTG-ID Guide (just answer a few questions), and you will get this guide: 

http://www.emd.dk/
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You simply point out the columns with first and second WT-ID (optionally the last). 
Then choose the delimiter, here ñ_ò (underscore) 
Decide which sub string (in case of more under scores, there will be more choices, but here with only one, there 
will be 1 or 2 (part of text before or after underscore). 
Thatôs it, and by OK the WTG IDôs are found. 
 

 
Itôs seen here if you were successful. 
 
Now find the signals to include in import. The ñmustò fields are: 
Time stamp 
Production 
The other predefined optional signals are: 

 
ñOtherò can always be used for user defined signals.  
 

 
Now select the 3 power columns, simply by mouse drag or ñShift ï clickò like in Windows Explorer. 
 

 
Apply the correct type-units (must be known ï or can easy be redone if it turn out to be wrong). 
Choose the Pitch angle and RPM in addition to wind speed and direction, which might be auto detected. 
Set all other signals to ñignoreò. (Multi select to do this in one operation). 
 

http://www.emd.dk/
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You are now ready for importing! 
 
Check the data in time series view. Here you will see if everything seems to be imported correct. 
Go to graphics: 
Check the data in the Time series view. Do everything look ok? 
 

11.5.2 Data - Pair and load 

 
ADD - First add the existing WTG objects that is part of your analysis. These can freely be selected based on 
layers. 
 
If the existing WTG objects is described so the WTG ID from import files are part of the description or user label, 
the ñauto pairò feature will work. This should always be arranged so if have many turbines to import. By few 
turbines, the manual pairing can be done, simply by selection in the drop down boxes in column ñWTG ID from 
importò. 
 

 
 
Load measured data - when paired, transfer the data from the import files to the WTG objects. 
If having a time varying park calculation based on same time resolution or higher, this can be selected and 
model calculations can be compared to measurements on time stamp level. 
 
Load PARK calc. ï load the results from the PARK calculation shown next to the ñauto pairò button into the 
Performance check session. Later doing analyses, an alternative PARK calculation can be selected and will be 
auto loaded and replace current loaded. 
 
Aggregate data ï is used if calculations e.g. are based on hourly wind data and import is 10 min. data. This will 
add an extra data series in the WTG objects.  
 
Update Online data ï is used for refreshing imported turbine data, especially for DK turbines, where monthly 
production data is part of the online data, it is convenient to expand the time series with latest months. 

http://www.emd.dk/
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Create Meteo objects ï will establish a Meteo object for each turbine in the Performance check session with 
the data that are imported (currently in use) in the turbine object.  
 
 
Setup ï see next screens 
 

 
The aggregate form.  
 

 
In the ñSetupò form it can be decided how many samples that must be present within a time step, to establish 
the value. 
 
Multi signal setup ï is used for deciding how more signals of the same type are handled. E.g. there can be 2 
wind speed sensors at a turbine nacelle. If both are loaded, it can be decided to use the e.g. mean or max of the 
two in the analyses. (Min, max, avg. and sum are the options).  
 

 
Example of two wind speeds imported, and it is decided to use the Combined, by averaging in the analysis (at 
like power curve presentation and by comparing measured to calculated wind speed in analyzer, or if like more 
wind directions, the one to be used in rose graphs). The ñshow in time series graphò allow showing all signals, 
or just selected. 

11.5.3 Data - Time series 

Here you can inspect your data and perform some ñbasic manipulationsò, please refer to Meteo object manual 
for details. The tools behind these are similar to the ones in Meteo object. 

http://www.emd.dk/
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Time series view. Data can e.g. be sorted by clicking in the top columns. 

11.5.4 Data - Time shift 

With the time shift tab, general or individual time shifts can be applied. This can help fix data errors or it can e.g. 
fix if the measured data are in daylight saving time and the calculations to compare to are not. 
 

 
Add as many lines as needed and thereby perform individual time shifts to specific turbines or periods. The 
status column keep track on if the time shift operation has been performed. First by ñLoad measured dataò the 
time shift is applied. 

11.6 Statistics 

At the statistics tab, data are presented at different aggregation levels and with some additional statistical 
information. 

http://www.emd.dk/
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The main statistics show the different signals with count, mean, st.dev. min and max.  

 
The monthly means can be shown for each turbine and each signal, as here wind speeds for WEA-4. 

 
Finally the data recovery, here shown for one turbines hourly production data (aggregated from 10 min. data).  
 

11.7 Graphics ï Monthly time resolution 

Very often the data basis for evaluation of the performance of operating wind farms is just on monthly basis. This 
is also quite good, while the data amount is reasonable in size and there are well established methods for 
performing performance check on monthly basis, like the wind energy index method. As well monthly as higher 
time resolution data can be loaded as described in previous chapters, either pasted into the existing WTG 
objects, or by using the import from file option within the Performance Check module. 
 
Monthly data can be with or without grid losses. This is important to know when the calculation model is fine-
tuned. 
   
With monthly data it is possible ñjustò to calculate expected long term production (wind energy index corrected), 
but it is also possible to compare with model calculations based on time varying PARK calculations, where results 
are aggregated on monthly level. 
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