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windera 11.1 Introduction, definitions and step-by-step guide (2

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 modaule 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 al so fAjust
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.

=4 =4 -8 —a 9

The first one requires a wind energy index, which can be downloaded from EMD Online data for some regions,
established by the user by ficopy pastedo, or generated
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:

1 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 i the expected production simply decides the sales
price!

1 Analyze/identify turbine problems and/or model calculation problems i 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 shoul dThebetorewdmprehensive fillenoptomark avenyer a
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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11.1 Introduction, definitions and step-by-step guide C8

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.

Therearetwomainfient ri eso 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, butin t wo separate fAsessionso. When
mustbeent ered by gi vi ng i.Morasessiens@ eaeh.type canfhdsetng, heaning 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

st

wind energy index database concept is devel opedithasThi ¢

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 indexos.

11.1.2 Step-by-step guide T 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!

¢ 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 1 then later set up import filter within Performance Check and load the data

Load PERFORMANCE CHECK module from menu bar. W

Setup import filter for measured production data if data not already are loaded in existing WTG objects.
Decide which existing WTG objects to include in analysis (assumed created in project).

PAIRWT G | fiord the import setup to existing turbine objects and load (import) the data.

Go to AGraphicso chose fAWindindex WCPO

O O OO OO

dat abas e 0awinddnder loygaste from Excel OR generate a new index from wind data, e.g.
MERRA.

¢ 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.

¢ 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 1 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.

¢ Setup and run a time varying PARK calculation (Must bebase d on fAexi st i n.dNoté\feG
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
regionorfrom nacel |l e measurements, BUT note the wind
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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11.2 Time varying PARK calculation (Optional) &4

Arrange the measured production data etc. in ascii text files ready for import.

Load PERFORMANCE CHECK module from menu bar. »

Setup import filter for measured production data if data not already are loaded in existing WTG objects.

Decide which existing WTG objects to include in analysis.

PAIR WTG I Dés from the import setup to existin

Utilize the analyzer and ot her t oioléage PerformanectCheik

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.

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

¢ 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.

OO 000 O

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

windspeed. This can be handled by a quite comprehensive

0 u tAD 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:
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The two right most icons estalish a time varying calculation.

@ PARK (Wind farm AEP based on MODEL or METEO) - o

Calculate
(%) AEP assuming long term representative time series data with optional corrections:

O Include seasonal correction [EMD Default - Setup
O Include a long term correction factor (on energy):

O Time period energy (not adjusted to Annual Energy Production (AEP))
[ Include data recovery correction '

Select WTGs to include

B

Reit = 10

_‘

ok | Cancel

I

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-
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min. or hourly production data are available for doouing Performance check, the resolution shall be set to match
the measurements.

Scaling setup

Scaler: |Measurements— unscaled v|| Setup |

Select meteo objects to scale from. Selected scaler accepts only 1 height for each meteo object

Name Data type Usein | Sample | Duration
scaling rate |(enabled
[min] |} [years]

[+ | WTG4 wind with WTG1 merged in wake direct| Other/unknov
E| WTG4 wind with WTG1 merged in wake direct| Other/unknov
' 90,0m - 01-07-2013 01:/01-09-2014 00:
a94,0m - 01-07-2013 01:/01-09-2014 00:
' 94,0m - C Merge 1,2 99,8 01-07-2013 01: 01-09-2014 00:

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
import ant the fimain scalingo, which is the place where
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 fAcentero of the perf
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.
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11.3.1 Structure of the data i the existing WTG object

_Posiion Layers | WTG(s) | Stofistcs | Visual_ Distance circles [Production dofn [Descripbon | o

i . peri Simple 12
End Total Mwh ths (Mh) Source

10 minutes | |01-01-2010 | 10-12-2012 8514,01  |2010,26 Imported
1 hour = |01-01-2010  10-12-2012 8510,63  |2910,53 Aggregat
1month | |01-01-2010 | 01-09-2014 : 13028,08 |2740,88 Imported

The existing WTG object has a tab fAproduction datao.

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 firougho figur
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.

a4 EMD International 1 www.emd.dk § windPRO 3.2 T April 2018
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Mote: For hourly data and higher reselutions power/production values are expected to be kW, while lower resolutions values are expected to be
kwh. If your production data does not meet this demand, please use the advanced import setup in the Performance Check tool.

Data format for availability signal - please note that this is only applied when inserting from clipboard

{¥) Percentage

) Decimal value

Create signal: Mean wind speed = Create

Date Production LatestAw| Ambient WindSpeec) Ambient WindDir Ab
01-01-2010 05:00: 01,27 5,10 10,60
01-01-2010 05:10: 01,15 5,00 12,10
01-01-2010 05:20: 101,35 5,00 11,10
01-01-2010 05:30: 187,82 5,50 11,60
01-01-2010 05:40: 188,47 5,50 15,40
01-01-2010 05:50: 97,51 5,00 5,50
01-01-2010 06:00: 26,32 4,70 355,30
01-01-2010 06:10: 85,13 4,90 356,40
01-01-2010 06:20: 110,08 5,10 0,30
01-01-2010 06:30: 06,89 5,10

T T P T

+ -

Ok Insert from clipboard Copy to clipboard

Here a view of a specific time series. Data can be i
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
.Ixt or .csv or other text file formats. Tab file separated text data are recommended.

Secondly, itis convenient to organizethef i | es i n an fii mport friendlyo way.
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
Aiplaind time st amlkeddomm-yygyrhh:mnp Aveid li&e Ded12 i time stamp column. Months

by names will not work due to language differences.
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11.4 PerfCheck; Start (@

11.4 PerfCheck: Start

@ windPRO 3.0.605 (English) (#1000,
! Project Options View Tools Data Calcultion  Window  Help i Arrange ~ PN-favorite s

N EHER IS EYs000e - S W i @ET ) Sk FEE 00 KW
WMS Map 001 1 x|
: bmi @ &" # |Zoom 100 % ~ | Coordinate system UTM (north)-ED50 [Europe] Zone: 32 * Select

T \ ] \ W |
— \
Tig\ Skaber Mose b
R 1

Enupavzu{‘d Fq 4
: |ﬁrndrup Mark

% P

- @ Please select =

Hour based (1 hour)
Month-based (1 month)
new 10min based (10 minutes)

w
o
=
=

H ol % v-m?é?af@ﬂ REZDGEr4+EBEO S &

L
ﬁ

1

| ' "‘%th:u MNews Copy Rename Delete %
/g G # @;
Hornum- ﬁr ' ' ‘;i

?“é‘é_:_:d_"% ;v y{ﬁ \%0 asiTRrU KPI \ %msﬂ }T '”'“”""'”‘”\{

Actlvate the Performance Check module from the menu bar.

Start with creating a new fAsessiono, sdndicaegabove tgpicglyr e v i

related to the time resolution. Each time resol uti

) Performance Check - Profile; new 10min based (10 minutes)

Data | Statistics | Graphics

Source for WTG production data

i=) Import from data files

i) Use already imported data in existing WTG-objects

Select this option if you have production data in one or more text files. Selecting this option will give
you an import filter option similar to the meteo object, except the data will be imported into the
selected existing WTG-objects

Aggregation to lower time resolution can be performed at a later stage

%k

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.

12 Jieg | dnjas poduwy | aounos eyeq | (4]
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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 i or
aggregated to the level where measured data are available.

11.5 Data

At the data tab, i mport is handled, as well a s tadram r
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 Datai Import setup

First the data files might need some preparation i e.g. if data are in Excel files.

Open in Excel to evaluate the data structure i copy header line + 2 first data lines and paste transposed to new

sheet:
A B ©
1 PCTimeStamp 01-01-2011 01-01-2011 00:10
2 |WEAO4_Production LatestAverage Total Active Power Avg. (1) -545 4950[
3 WEAO5_Production LatestAverage Total Active Power Avg. (2) -557 3773
4 WEAD6_Production LatestAverage Total Active Power Avg. (3) -525 4186
5 WEAQ4_Ambient WindSpeed Avg. (4) 4 45
6 WEAOS5_Ambient WindSpeed Avg. (5) 4,1 4,5
7 WEA06_Ambient WindSpeed Avg. (6) 4,3 4,8
8 WEAO4_Ambient WindDir Absolute Avg. (7) 250 248,4
9 WEAO05_Ambient WindDir Absolute Avg. (8) 268,4 266,2
10 WEA06_Ambient WindDir Absolute Avg. (9) 293,3 290,9
11 WEAO04_Blades PitchAngle Avg. (10) 23,9 -0,6
12 WEAO5_Blades PitchAngle Avg. (11) 24 11,6
13 WEAOQ6_Blades PitchAngle Avg. (12) 24 51
14 WEAO04_Blades PitchAngle Max. (13) 19 -2,3
15 WEAOQ5_Blades PitchAngle Max. (14) 24 =24
16 WEAO6_Blades PitchAngle Max. (15) 24 -2,4
17 WEAOQ4_Blades PitchAngle Min. (16) 24,1 17,6
18 WEAOD5_Blades PitchAngle Min. (17) 24 24
19 WEAOQ6_Blades PitchAngle Min. (18) 24,1 25,6
20 WEAQ4_System Logs First Active Alarm No (19) 0 1]
21 WEAOS_System Logs First Active Alarm No (20) 0 0
22 WEAO06_System Logs First Active Alarm No (21) 0 1]
23 WEAO04_Nacelle Temp. Avg. (22) 13 12
24 WEAO05_Nacelle Temp. Avg. (23) 12 12
25 WEAO06_Nacelle Temp. Avg. (24) 13 13
26 WEAOQ4_Generator RPM Avg. (25) 295 1207
27 WEAOS5_Generator RPM Avg. (26) 278 635
28 WEAO06_Generator RPM Avg. (27) 284 847
29 WEAQ4_Rotor RPM Avg. (28) 2,6 10,6
30 WEAOS_Rotor RPM Avg. (29) 24 55
31 WEAO6_Rotor RPM Avg. (30) 2,5 74

This looks OK i 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
okisifthedate-t i me f or mat not iidnsutlsdaseadngrto numhenrs in Exced efore saving.
(E. g. if month are by fAnameod | ike AJanodo, there wildl

Data must be converted to .txt files. Chose Save as:
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Excel Workbook (*.xlsx)
Excel Macro-Enabled Workbook (*.xlsm)
Excel Binary Workbook (*xsb)
Excel 97-2003 Workbook (*.xls)
XML Data (*xml)
Single File Web Page (*.mht*.mhtml)
‘Web Page (*htm;*html)
Excel Template (*xltx)
Excel Macro-Enabled Template (*xltm)
Excel 97-2003 Template (*.xIt)
R Text (Tab delimited) C0) |
Unicode Text (*.txt)
XML Spreadsheet 2003 (*xml)
Microsoft Excel 5.0/95 Workbook (*.xls)
CSV (Comma delimited) (*.csv)
Formatted Text (Space delimited) (*.prn)
Text (Macintosh) (*.txt)
Text (MS-DOS) (*:bd)
CSV (Macintosh) (*.csv)
CSV (MS-DOS) (*.csv)
DIF (Data Interchange Format) (*.dif)
ISYLK (Symbalic Link) (*slk)
Excel Add-In (*xlam)
o Excel 97-2003 Add-In (*xla)
PDF (*.pdf)
XPS Document (*xps)
; OpenDocument Spreadsheet (*.ods)

3 [E)ccel 97-2003 Workbook (*.xls) -]

: Amend Tags: Add a tag Title: Add a title

[] Save Thumbnail

Tools ~ l Save ll Cancel l

UsetheText Tab del i mited, i bduhfidata aiready firé ia liken.GSVtfileshi ro adnwergion 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 i name it: 10min - import

Add the files to the importer 1 run Auto detect. This might identify some of the signals, but typically some manual
selection will be needed.

Time zone for measurements: (UTC) Coordinated Universal Time -
Remember to set the time zone i 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 fATime stampo0 is converted:

Co\urnaneader ‘F\rstdata |Type |Suhtype ‘Umt ‘Name |Conver13d‘_.-——‘k |
1 PCTimeStamp 01-01-2010 | Time stamp * Date&Time -

2 WEAO4 Production LatestAverage Total Active Power Avg. (17-1180 Power Production (= |Power Produc = Wh ¥ \WEAQ4 Production LatestAverage Total Active Pow|-1.180.0 © ,'/__

If not, you must enter the unit:
Co\umn‘Header ‘Flrstdata ‘Type |Suhty|:|e ‘Umt |Name ’lConverted |

1 PCTimeStamp 01-01-2010 | Time stamp * Date&Time ¥ d-m-y h'm 01-01-2010 00-00
= [\WEANA Dradistinn | atact Aunrama Tatal Aetivn Do n*

2 WVIEANA Dradvmtinn | stacthumennn Tatal Aetiun Dassar fus (4 4400 Deunr Drendintinn w Dasne Dendie e Wk

Run the WTG-ID Guide (just answer a few questions), and you will get this guide:
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windrro 11.5 Data QL2
% WTG-ID selection EE

WTG-identifiers (WTG-ID) are used to link the production data to WindPRO WTG-objects. Please select the first two and
possibly the last WTG-identifiers in the table below - the remaining WTG-identifiers will be located using the same pattern.

Select a WTG-ID by clicking the corresponding cell in the table below.

(" Select first WTG-ID: EA04]
(" Select second WTG-ID: EA05)
(@ Select last WTG-ID (Optional): |[=A0E Clear ] [ Ok l l Cancel

0 Use column name in the import setup as signal name instead of the default signal names (i.e. Wind speed, Wind
direction). Can be useful when adding e.g. multiple wind speeds.

Allow WTG-IDs to be a sub string of the column name

Delimiter: _ (Under: »
(® Use the Nth sub string: v
|| O Recurrent characters in sub string*:
*) If the column headers are named WTG01. WTG02.. WTGN enter WTG as - The first will be
used if there are multiple matches.
Number of lines to read from file 25
Number of columns to read from file 1000
# 1 |2 3 |4 |5 [ -
1 |PCTimeStamp WEAO06_Production LatestAver... |WEAQ4_Ambient WindSpeed ... || =
2 |01-01-2010 -1180 -956 -886 37
3 101-01-2010 00:10 -1162 -914 -814 3.6
4 101-01-2010 00:20 -1170 -908 -820 35
5 |01-01-2010 00:30 -1192 -905 -863 28
£ ln4 04 an4n nn.anl 1402 nac n4n a0 =
< 1 )

You simply point out the columns with first and second WT-ID (optionally the last).
Then choose the delimiter, here A_0 (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).

Thatodés it, and 6y aOk tfhopeunWT G | D

Select WTG-ID location: Decimal separator WTG-Ds based on current selection:

WTG-D Guide Column header | = WTG-D Options | |- w7 WEADL WEADS WEADB P
—_—

Itds seen here if you were successful

Nowf i nd the signals to include in import. The fAmusto f
Time stamp

Production

The other predefined optional signals are:

Tyee

Ignore Ed

lgnore

Time stamp
Wind speed
Wind direction
Production
Availability
Error code
Temperature
Pressure
Pitch angle
RFM

Other

fiOtherdcan always be used for user defined signals.

2 WEAD4 Production LatestAverage Total Active Power Awvg. (1/-1180 Other -
3 WEADS_Production LatestAverage Total Active Power Avg. (2 -956 Other -
4 WEADGE_Production LatestAverage Total Active Power Avg. (3-686 Other -

Now select the 3 power <col umnisclick®i mpkye by Womsewdr &g p

’ Select all columns ] Set all selected columns ta:  Power_Producti v | Sub type: Power_Pro » | Unit: Wh - Apply

Apply the correct type-units (must be known i 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 fi i g n @Viulg select to do this in one operation).
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windero 11.5 Data Q13
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 fAauto pairo f e auldaways be arfarigedso if Hhave mank turbines th ionport. By few
turbines, the manual pairing can be done, simply by s
importa

1 statistics | Graphics

Description |X(Ea5t) |Y(North) \System label |User label |W‘I’G ID from import |
VESTAS V90 2000 20.0 !0! hub: 105,0 m |3.560.931 5.540.142 4 WEAD4 WEAD4 hd
VESTAS Va0 2000 90.0 10! hub: 105,0 m |3.560.706 5.530.806 5 WEAQOS WEADS hd
VESTAS V20 2000 90.0 !0! hub: 105,0 m |3.559.987 5.539.859 6 WEADG WEADS hd

- Sample tir
View pairing graph Select PARK calculation: 3.0.605: Offset-Wake-+forest+month NEV = Auto pair ¥ series: 1t

o v

Add
Remove
Remove all
Load measured data

Load PARK calc.

Aggregate data

Update online data

Kortdata ©2015 GeoBasis-DE/BKG (22009), Google  Servicevilkdr  Rapporter en fejl pd kortet

g
al
g
S
L
5
B
=3
g
S
&5
g
=
a
8
3
=
2
E
3
=
2
g
&
o
#

Create meteo objects

Setup

Multi signal setup

Cancel

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.Tl oad the results from the PARK calcul ation
Performance check session. Later doing analyses, an alternative PARK calculation can be selected and will be
auto loaded and replace current loaded.

Aggregate data i 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 i 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.
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windrro

11.5 Data Q14

Create Meteo objects i 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 i see next screens

Aggregating data creates a new time series in the selected WTG objects with the selected
sample time. This applies to measured data only.

Mote that you can always revert to the original time series by clicking "Load measured data".

thour  [i3

The aggregate form.

Minimum percentage of enabled data within a time period when aggregating data:

e

The threshold specifies the minimum number of present and enabled samples required for the target
sample to become enabled. Example: I you aggregate a 10 minute time series to hourly values and specify
an 80% threshold, at least 5 out of 6 samples within an hour must be enabled to ensure that the target
sample is enabled.

I n the @Set up decided hommany saropesnthabneust be present within a time step, to establish
the value.

Multi signal setup i 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).

In this form you can determine how Performance Check should handle multiple signals of the same type. Check at least two signals in the "Combine"-column to enable
options for the "Combined"-signal. "Use in analysis" decides which signal is used when using e.g. a wind speed signal in the XY-power curve graph.
If you wish to remove the combined signal simply load the original data from file(s) again.

Signal type Signal name Combine option | Show in time series graph

E|| Mean wind speed

NC2LWSMEAN 16 - Lefthand Wind Speed (NC2)(avg )
NC2RWSMEAN 16 - Righthand Wind Speed (NC2)(avg )
Combined Mean wind speed (Average)

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 fishow in time series grap
or just selected.

11.5.3 Data - Time series

Here you can inspect your data and perform some fAbasi
for details. The tools behind these are similar to the ones in Meteo object.
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windrro 11.6 Statistics Q15

Data
Productio | all records e
i WEADS
Ambient = Full disabled —
Disabled Time stamp g WindSpee Comment =
Total d (@) Absolute
Active gl Avg. (7) Part disabled
Povier b =
Avg. (1) Out of range
O  01-01-2010 01:00 -7,0 332 2121 I:I =
O 01-01-2010 02:00 -4,0 2,58 2138 e
O  01-01-2010 03:00 -3,6 2,02 0,8 I:l =
O  01-01-2010 04:00 15,4 3,95 11,7 Eioee
O | 01-01-2010 05:00 126,3 5,18 11,1 _ =
= O  01-01-2010 06:00 107,5 505 353,7 Comments
5| O or01201007:00 97,8 4,90 50 b =
2 O  01-01-2010 08:00 101,6 5,07 19,5 Selected
a O  01-01-2010 09:00 182,0 547 26,9
O 01-01-2010 10:00 157,4 5,38 20,3 =T =
O 01-01-2010 11:00 102,5 5,23 28,3
O  01-01-2010 12:00 42,5 4,82 22,3 Cony
O  01-01-2010 13:00 92,2 5,05 6,9 .
O  01-01-2010 14:00 37,8 4,68 6,9 Dbl
O  01-01-2010 15:00 -6,3 4,22 3478 Enable
O  01-01-2010 16:00 13,7 4,62 3453 e
O  01-01-2010 17:00 11,8 4,53 3313
O  01-01-2010 18:00 1,1 4,33 3355 Advanced
O  01-01-2010 19:00 -6,3 3,88) 3415
O | 01-01-2010 20:00 -6,0 3,88 326,4 Previous Text
O  01-01-2010 21:00 1,9 4,320 3241
©
=

ok Cancel

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.

s):| Status
| | Awaiting Load Data to WTGs

Add as many lines as needed and thereby perform individual time shifts to specific turbines or periods. The
status columnkeept r ack on i f the time shift operation has bee
time shift is applied.

11.6 Statistics

At the statistics tab, data are presented at different aggregation levels and with some additional statistical
information.
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windern 11.7 Graphics i Monthly time resolution Q16

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 T 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 dat a daltulate sxpepteddong tdynh produttjomn (sibhddenetgpindex corrected),

but itis also possible to compare with model calculations based on time varying PARK calculations, where results
are aggregated on monthly level.
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