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QUICK GUIDE – PERFORMANCE CHECK WITH LOSS EVALUATION FOCUS 

 

Purpose: 

To evaluate production losses by calculating expected 

production in each time step based on individual 

turbines’ nacelle wind speed. 

To use the new error code based loss evaluation 

features. 

This guide assumes the user is familiar with running 

time-step based energy calculations with windPRO. 

It is worth noting is that this guide only creates a very 

simple calculation, based on each turbines’ nacelle 

wind. No model (flow or wake model) is involved.  

Outline of Guide: 

1. Workflow 

2. Initial data import and check 

3. Calculation data in Meteo object(s) 

4. PARK calculation based on nacelle data 

5. Performance check based on nacelle wind 

6. Error code analysis 

1.  WORKFLOW 

The process explained in this quick guide requires 

windPRO 3.2 with licensed modules METEO, MODEL, 

PARK & PERFORMANCE CHECK.  

Start Performance Check from the Tools menu, or use the 

shortcut in the toolbar. 

  

 

 

The workflow is as follows: 

• Import measurement data with production, 

wind data and error codes into Existing WTG 

objects. Export the wind data to Meteo objects 

to use as input for PARK calculation. 

• Create a time-varying PARK calculation (no 

model, direct use of each WTG wind speed), 

which will be used for comparing the measured 

production with calculated production. 

• If needed, calibrate your time-varying park 

calculation to match the measured data for 

normal operation periods. 

• Evaluate losses caused by error codes based on 

the calculated-measured production for the 

time stamps with error codes. 

 

2.  INITIAL DATA IMPORT AND CHECK 

To run this Performance Check, you need to import Scada 

data, through the following process: 

• Prepare the Scada data as text files 

• Create Existing WTG objects (including ID) 

• Add the Scada data files to Performance Check  

• Setup the import filter (Auto detect) 

• Pair and load 

• Data screen 

Prepare the Scada data as text files 

Scada data must be in a text file, typically as 10-minute 

values. If your data is in e.g. Excel, the file(s) must be 

saved as .TXT (TAB separated preferable). Currently, all 

data in one column must belong to one turbine. 

Therefore, some pre-processing of data may be needed. 

Once done, the Performance Check data importer is 

quite flexible, and can handle data in single or multiple 

files, e.g. one turbine per file; all turbines in one file; one 

turbine per day, per month etc. in one file. 
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It is important to have an identifier(ID) of the turbine in 

the file headers or in the file names (if one file per 

turbine). Later this ID will be used to automatically pair 

the Scada data with an Existing WTG object. This is 

convenient when working with many turbines. 

In the import setup, you can extract a part of a text string 

from file names or column headers. 

Create Existing WTG objects (including ID) 

Either manually insert an Existing WTG object or 

download turbine positions directly from the Data menu. 

Alternatively, convert New WTGs into Existing WTGs by 

using the paste option “Edit object(s) before pasting”. 

Remember to assign an ID to the WTG object as either 

description or user label. 

Import from data files: 

Open Performance Check and choose “Import from data 

files”. This opens an importer which is similar to the 

importer in the Meteo object. 

 

Example above, 3 files each with one turbine are added 

to the import set up with following data fields: 

1. Date/Time (mandatory) 

2. Production (mandatory) 

3. Wind speed (mandatory, for this guide) 

4. Wind direction (Only necessary for the PARK 

calculation, but could be from other data 

source, such as meso-scale data) 

5. Temperature (optional) 

6. Error code (optional) 

More signals can be added for more detailed analyses, 

such as Pitch angle, RPM etc. 

Next step is “Pair and load”: 

Now that the data are imported, they must be paired to 

the correct Existing WTGs: 

 

In the image above, the turbines as “Existing WTGs” are 

selected and automatically matched to the turbines in 

the import filter, using the “Auto Pair” function. In case 

the automatic pairing does not work properly, use the 

drop down in upper right corner to match the ID in the 

import filter to the objects.  

Once correctly paired, click  and 

the data will be imported into the WTG objects. 

An alternative to using the importer is to paste the data 

directly into the WTG objects, which can be a more 

convinient solution if having just a few turbines. Then the 

data can be pasted directly from Excel as no text file is 

needed. 

Initial data screening: 

In the “Time series” tab, check if the import seems ok. 
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Sort, for example, by power and check the maximum 

power (kW) is as expected. If it is a factor of 6 wrong, the 

reason could be the choice of units in the import filter: 

kWh or kW, or if a factor 1000, Wh or kWh. Simply 

change the unit in the import filter and reload the data. 

Spikes in the data can come from a reset of the turbine 

computer resulting in an offset in the production 

counter. Such data should be deleted. 

Now check the data on the statistic page: 

 

Here a good overview of data period and recovery is 

given. This will tell if parts of data are missing, which 

might be due to some data which were not included, or 

some data not loaded correctly, for example, if there has 

been a change in date format over time. 

On the “Analysis | Time series” tab further checks of data 

can be performed: 

 

It may be necessary to clean the data. Currently, there 

are no general guides to what to look for and what to 

disable, other than to disable erroneous data.  

The first step should be to filter out all data having error 

codes, if available in the data. This is done by opening the 

filter: 

 

Filtering out data with error codes, makes the time-series 

graphs look much better (especially production): 

 

After filtering out production with error codes, you can 

now disable any obvious spikes and erroneous data 

(Right click and drag on graph to activate disabling). 

IMPORTANT: Filtering and disabling is NOT the same! 

Only disable obvious spikes and erroneous data, as the 

filters will be used for taking out poor performance. Poor 

performance should not be disabled, as disabled values 

will not be part of the analysis results, and not appear in 

the loss report. Filtered data is, on the other hand, 

included in the analysis report. 

Later it will be demonstrated how, for example, power 

curtailment can be handled by filters even without error 

codes. 

Next, the Power Curve view: 
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The power curve view is an efficient way to show spikes 

as well as to show if poor performance events have an 

error code (with those filtered). Here individual points, 

like the “spike point” above the graph, can be disabled by 

right clicking. 

In the XY graph, further data screening can be done: 

 

Here especially wind speed and direction signals can be 

cleaned for obvious errors. As seen above, plotting wind 

speed for WTG02 vs WTG01, there are samples along the 

Y-axis showing that WTG01 has zero wind speed while 

values at WTG02 are within 4-8 m/s. It is obvious that the 

zero values of WTG01 are the result of a “lost signal” and 

should be disabled.  

3.  CALCULATION DATA IN METEO OBJECT(S) 

After initial screening, the data are to be used in a PARK 

calculation. To accomplish this, all data in the WTG object 

have to be exported to Meteo objects from the “Data | 

Pair and Load” tab: 

 

Further analyses/data-cleaning/substitution/etc. can 

then be performed in the Meteo analyzer tool, which has 

more features for this purpose. 

The next issue to be checked is the wind speed 

calibration. It is often seen that nacelle anemometers are 

not correctly calibrated, and that the calibrations change 

in time, for example, due to a software update in the 

controller. The best way to check the calibration is to set 

up a time-varying PARK calculation based on the nacelle 

windspeed and the power curve selected in WindCat and 

then compare the measured and the calculated power 

curves. You will have to judge whether a difference is due 

to a bias in the selected power curve OR due to a wind 

speed calibration problem. To get the full picture will 

require an independent measuring device at the site. 

In this quick guide the direction data are only used for 

some evaluations, so correct calibration is not essential. 

In other cases, the direction data can be crucial. 

4.  PARK CALCUALATION BASED ON NACELLE 

DATA 

Now that the measured production data have been 

cleaned, these data can be used as input for a calculated 

production. This way, you can identify the losses in the 

time steps with error codes. 

The simplest calculation setup is using the nacelle wind 

for each turbine – no models are required except for 

optional power curve corrections. 

This calculation type will identify losses but might also be 

used to judge if a wind speed calibration is needed. 

Direction data are not used for any very important 

matters in this guide but must be present. 

A PARK time-series calculation with measured data must 

first be set up. Select the “Time varying based on 

measured data” in PARK: 

mailto:pn@emd.dk


Quick Guide – Performance Check with loss evaluation focus 

Author: Per Nielsen (pn@emd.dk)       5 | P a g e  

 

 

 

The important setting here is Aggregation, which should 

be set to “None”. If there are turbines in the wind farm 

not operating during the entire period, the highlighted 

setting above should be used along with the specification 

of operational period in all WTG objects. It is even 

possible to use different power curves at different times 

of day (Day – Evening – Night), which must be specified 

on turbine objects (den settings). Periods can be 

specified at “Edit periods” button. 

 

Wake must be set to “No model” here. 

 

In Scaler, all turbine Meteo objects must be selected and 

the “Take nearest” makes sure each WTG is calculated 

solely with its own data. 

 

For the power curve correction, Air density correction 

should be included, turbulence will be looked at later. 

Finally, run the PARK calculation. 

When done, open the Performance Check module and 

load this PARK calculation. Measured and calculated will 

automatically be paired by turbine and time stamp. 

The result in Performance Check can be seen below: 
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The blue curve is the calculated production based on 

nacelle wind and selected power curve (the one used in 

the WTG object taken from the turbine catalogue, here 

called the “contract” power curve). The reason for the 

spread in the contract power curve is the air density 

correction by time step. 

In this example, the measured power curve produces 

more energy than the contracted power curve. The AEP 

evaluation shows 6.2% higher AEP based on measured 

than contracted power curve, based on 6.5 m/s mean 

wind and Weibull k=2 distribution. In the shoulder part 

of the power curve, there is some spreading, due to 

turbulence. Similar trends are seen for the other 

turbines. So, either the power curve is better in reality 

compared to the contract power curve or the wind speed 

is incorrectly calibrated. 

 

A good way to check is looking at the Cp curve. (This will 

be included in the Performance Check module at a later 

stage, so until then, Excel is your friend). The Betz limit is 

0.593, and there are aerodynamic, mechanical and 

electric losses, so values above 0.5 are not realistic. 

Tuning the wind speed scaling gives a realistic 

modification. Multiplying wind speed with 1.04 as shown 

in grey seems like a good compromise. The offset at the 

high wind speed end (>10 m/s) has no influence as the 

power is limited to rated power at these wind speeds. 

There are now two possible choices: 

A. Replace the contract power curve in WTG object 

with the measured power curve. Then an 

incorrect wind speed calibration will be 

compensated with an incorrect power curve, 

and losses will still be correctly identified. 

B. Calibrate the measured wind speeds. Assuming 

it is possible to get the measured power curve 

in closer agreement with the contracted, this 

should be considered the more appropriate 

choice. 

Currently, Performance check cannot perform individual 

WTG wind speed calibration, nor changed calibration in 

time. Until this is established in a later version, there 

might be a need for separating analyses in more periods 

and to manipulate power curves and/or wind speed 

calibrations individually. 

What is done for now is to include a calibration factor on 

the nacelle wind speed import of 1.04. This must be done 

in Performance Check importer, and the WTG based 

Meteo objects will have to be re-exported.  

 

With this scaling and including Turbulence power curve 

correction, a very fine match is seen. The AEP check 

shows a difference of just 0.2%. The turbulence 

correction only marginally changes the AEP, while it 
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improves the power curve from 5-8 m/s and reduces 

from 9-13 m/s, which almost equalises out for this site. 

5.  PERFORMANCE CHECK BASED ON 

NACELLE WIND 

With this PARK calculation selected in Performance 

Check, all evaluation features are available. Now there is 

a calculated production for ALL non-disabled time steps, 

where those with normal operation match measured 

production. The losses are then the difference between 

calculated and measured power curves for each time 

step with sub-optimal performance or turbine stop. 

Below is an example of the ratio measured/calculated 

production: 

 

An asymmetric performance in wake direction (at around 

185 degrees) can be seen. The reason is probably that the 

nacelle anemometer responds differently if the wake hits 

more on the left or the right part of the turbine, which 

can be related to the non-centered mounting of the 

anemometer: 

 

Other reasons, such as how the wake rotates, can also 

lead to asymmetric performance.  

 

Another evaluation shows the monthly ratios of 

measured/calculated. Performance is better in winter 

months, indicating that the air density correction may be 

too “weak”, with insufficient corrections in winter (up) or 

summer (down). This could be related to better cooling 

in winter allowing better performance. But it is also seen 

that the three different turbines do not respond 

identically, so there might also be data issues. Another 

explanation could be found in the turbulence correction 

causing summer/winter deviations. 

This skewness could be reduced by Scaler calibration if 

judged important enough to get loss evaluation very 

precise. 

 

A central part in the Performance Check module is the 

measured vs calculated production, and the table with 

the main figures. When a proper filtering is made, 
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including only normal operation, the Goodness 

(measured/calculated) must be close to 100%. For the 

filtered data, a loss is seen, in this case a 3.6% production 

loss, and the filtered samples represent 3.3%, which is an 

indicator of the time-based availability loss (here not sub-

divided into categories). The disabled table row should 

only include data errors, with just one sample in this 

example. 

A problematic part is the “Missing/out of range” row. 

This represent 1.3% of all samples, and in this case, it is 

missing measured wind data while the calculated 

production is zero. This could also be missing production 

data. Thus, we have 1.3% data we don’t know about. The 

only way to improve this is to run substitutions on the 

wind speed data in Meteo analyzer, either taking wind 

from other turbine objects or from meso-scale wind 

data, and then re-run the PARK calculation. There are 

several other analysis features, but most of those are 

more suited for checking a PARK calculation WITH 

models (flow model + wake models). Using Performance 

Check can teach you a lot about setting up a calculation 

model that works correctly, giving valuable experience 

for calculating new projects. 

Next, we focus on the loss evaluation. 

6.  ERROR CODE ANALYSIS 

First enter the “Setup error codes”. Then following 

options for “Load error codes”, where description and 

categories will be assigned to each error code. 

1. From loaded time series 

2. From file 

3. From clipboard 

Option 1: All error codes in any WTG object in the 

Performance check session are loaded into the list: 

 

The only information is the error code number. These can 

manually be given a description and category etc.  

Option 2: Load from file. Normally a turbine owner gets 

a list from the manufacturer with all error codes, a 

description and which category they belong to. This can 

be used for calculating availability compensation. The list 

must be in a text format, and there is an import setup. 

Option 3: From clipboard, as for option 2, just read from 

clipboard instead of file.  

The info columns, where some are optional are as 

follows: 

• Error code: A number that corresponds to the Error 

code number loaded to WTG objects with the Scada 

importer. Mandatory. 

• Description: Typically, the manufacturer naming. 

• User description: Can be additional text. 

• Category: This is mandatory, while the Loss matrix 

groups losses by categories, which can be “Turbine 

error”, “Environment”, “Grid error” etc. Categories 

can be user defined. 

• Sub-category: Could for turbine error be like 

“Hydraulics”, “Electric” etc. 

• Type: Alarm, Warning, Event, State  

Frequency is auto-filled and shows how many events of 

the specific error code are found in all data as a 

percentage. This helps identifying the important ones, 

that might require more information than others. 

Curtailment: This is a special added value to the analysis. 

If a turbine is curtailed, for example for Flicker stop or Bat 

stop, this is an upfront known loss included in the AEP 

expectations. Therefore, this would often be given a 

special treatment, which is possible by marking this. 

Compensated curtailment is typically when the turbine 

owner is paid during stop due to the electricity market or 

if the utility cannot take the power due to grid constraint 

problems. This is treated as a special event, as this is not 

a “real” loss. It should be added to measured production 

for a fair evaluation of the project performance. 

Reading from a file/clipboard: 
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Point out the text file with error codes (which might need 

some adjustment in Excel before it is ready). 

Then assign the types by the drop-downs to the right. 

 

The loaded error codes, now including description and 

category. In this case the “Pause over RCS” is also 

checked with “Compensated curtailment”. This is the 

code used by turbine stop due to market regulation in 

this example. 

With OK to setup, the loss statistic appears: 

 

Now loss is calculated as the difference between 

calculated and measured production in each time step. 

This mean that if an error is only active 2 minutes of 10, 

the loss it causes is still correctly calculated, while the 

measured production during the other 8 minutes in the 

time step is included. 

By default, the list is sorted by highest loss. There are 

different filter options, by time, turbines, categories, etc. 

Loss without error code 

An often-seen problem in data is turbine stop without 

error code or power curtailment/sub-optimal 

performance, not having an error code. 

Therefore, a special tool is developed to handle this, the 

“Automatic error codes” in the Setup error code part. 

 

This tool creates error codes as follow: 

Type 1: Turbine is stopped above specified wind speed, 

but below cut out wind speed. 

 

In the preview the samples that will get an error code are 

shown, here only two. Note that samples already having 

an error code are not touched. 

Type 2: Turbine performs sub-optimally, often due to 

power curtailment. 
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In this case there is no power curtailment, but some sub-

optimal performance events. The points that will be 

given an error code are seen in pink. It can be decided to 

revise the shift of power curve (default 1 m/s and below 

90% of rated power). Especially if the power curve has a 

large spread, the limits should be changed to avoid 

filtering data that represent “normal operation”. 

Type 3: Above cut-out windspeed 

This is typically less important as there often are very few 

data above cut-out windspeed, and these do not 

represent a loss.  

However, there will typically both be points above cut-

out windspeed with rated power and some below and 

some zero, where the zero values typically will have an 

error code already (Stop due to high wind). Generating 

an error code for data above cut-out windspeed will give 

a negative loss, whilst calculated is zero. So, the purpose 

here will be to quantify the production above cut out, 

and to take out the data points from the analyses of 

“normal operation” and thereby be able to calibrate the 

calculation more precisely. 

After applying auto error codes, a revised calibration may 

be needed. The goodness will typically increase after 

filtering more data, and thereby the basic assumption 

that calculated must be equal measured for normal 

operation data is not any longer valid.  

Without auto error codes, the loss evaluation can be 

quite incomplete, while only loss in samples with error 

codes are included. 

When auto error codes are established, the next view is 

the “overview”, the Error loss matrix, which is a flexible 

data viewer: 

The layout of table a graph can be decided by month, 

turbine and category. Any combination view can be 

made by dragging around the filter buttons. Units can be 

kWh or %. Below, a typical graph with loss percentage by 

turbine and category for a specific period: 

 

In this example the “remote shut down” is a 

compensated curtailment and thus not a real loss. This 

can be unchecked, and the real losses shown: 

Together with the performance evaluation, it is seen that 

WTGs 2 & 3 perform ~1.5% below calculated in “normal 

operation” based on the contract power curve and 

nacelle wind with the same calibration factor for all WTs: 

Is this a loss, or does it just represent individual bias in 

anemometer calibrations? One way to get closer to the 

answer would be to set up a PARK model calculation, 
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based on “free” wind speed (optionally merged data 

from more objects) where an individual WTG bias in 

anemometer calibrations is eliminated. However, 

potential model bias may be introduced.  

Analyzing the data with the many aggregation options in 

the Performance Check module is a way of identifying 

any bias as well as losses by cause and performance 

problems by cause. Some problems might be solved 

knowing what causes them and the project owner can 

benefit – otherwise such issues must just be accepted as 

lessons learnt that can be used to produce more precise 

estimates of future projects. 

Also, it is worth mentioning that a longer data period will 

help achieve more accurate results. Performing regular 

analyses, perhaps once a year, will identify issues that 

can be addressed to remove any underperformance that 

would otherwise last the lifetime of the project. 
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