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ProfEC Ventus Group

e Founded in 2011

« |SO 17025-accredited for IEC and MEASNET conform wind sensor calibrations (Calibration
Laboratory) and consultancy (Testing Laboratory)

v’ Accredited wind consulting services since 2014

v’ Anemometer and Wind Vane Calibration since 2015

v MEASNET member since 2016
* Mission: supply of bankable wind energy services

» Staff professional expertise in > 30 countries
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Deutsche
Akkreditierungsstelle

Deutsche Akkreditierungsstelle GmbH

Entrusted according to Section 8 subsection1 AkkStelleG in cont
subsection 1 AkkStelleGBV

Signatory to the Multilateral Agreements of

EA, ILAC and IAF for Mutual Recognition

Accreditation

The Deutsche Akkreditierungsstelle GmbH attests that the testin;

ProfEC Ventus GmbH
Im Ofenerfeld 23, 26127 Oldenburg

at the location:

Marie-Curie-Strafe 1, 26129 Oldenburg

is competent under the terms of DIN EN ISO/IEC 17025:2005 to ¢
following fields:

Measurement of Wind Turbine Power Performance; Wind Reso
Assessment of Wind Turbines and Wind Farms; Installation and
with A s; Site Classification of Wind 1

The accreditation certificate shall only apply in connection with the notice
with the accreditation number D-PL-19142-01 and is valid until 21.01.2020
the reverse side of the cover sheet and the following annex with a total of

Registration number of the certificate: D-PL-19142-01-00 ]

—~

Berlin, 30.01.2015 Or. Helife Manke
Head of Division
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Deutsche
Akkreditierungsstelle

Deutsche Akkreditierungsstelle GmbH

Entrusted according to Section 8 subsection 1 AkkStelleG in con
subsection 1 AkkStelleGBV

Signatory to the Multilateral Agreements of

EA, ILAC and IAF for Mutual Recognition

Accreditation

The Deutsche Akkreditierungsstelle GmbH attests

ProfEC Ventus GmbH
Im Ofenerfeld 23, 26127 Oldenburg, Germany

that their calibration laboratory

ProfEC Ventus GmbH
Marie-Curie-StraRe 1, 26129 Oldenburg, Germany

is competent under the terms of DIN EN ISO/IEC 17025:2005 to ¢
following fields:

Fluid quantities
- Velocity of gases
- Direction of flow

The accreditation certificate shall only apply in connection with the notice ¢
with the accreditation number D-K-19142-01 and is valid until 2021-01-17.
the reverse side of the cover sheet and the following annex with a total of {

Registration number of the certificate: D-K-19142-01-00
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Braunschweig, 2016-01-18 Dr. Michael Wolf
Head of Division

See notes overieat.
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Membership Document

The Council of Members confirms that the below listed measurements
performed by

<

ProfEC Ventus GmbH

Im Ofenerfeld 23
26127-Oldenburg
Germany

fulfil the measurement quality criteria of MEASNET, stated in the respective
and actually valid MEASNET Measurement and Quality Evaluation Procedures for

Anemometer Calibration

This document consists of 1 page and is valid until 27.06.2021 and only in
combination with a valid accreditation to ISO/IEC 17025

Madrid, 27.16.2016
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Monika Kramer Alejandro Martinez
Executive Chairwoman Vice Chairman

EL

Measuring-Network for Wind Energy
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Services

Calibration services

Installation and maintenance of measurement
masts

Micrositing
Site Assessment

PPM
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Tl dependency of measured WT Power Curves
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Tl dependency of measured WT Power Curves

Most likely the effects seen on the previous plots
are artifacts:

« Measurements per [EC standard compute the 10 min
mean of the Wind Speed and Power output

« Turbine control happens on time scales of a few
seconds (depending on the event and the manufacturer)

« Dependency between Wind Speed and Power Output is
highly non-linear, leading to ‘“side-effects” while
calculating the mean in each Wind Speed Bin



IEC 61400-12-1: 2017 Tl corrected PPM

Newly proposed procedure [EC 61400-12-1 standard

Procedure:

o Establish a Zero Turbulence Power Curve via an iterative process
from the measured PPM data

o Zero Turbulence Power Curve used to determine Power Curves for
different T/ levels
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Determination and application of Zero-Turbulence Power Curve

Initial zero-turbulence power curve

parameters:

*  Rated power: Pri.4 = max(F;)

*  Cut-in speed vpyy_jn: lowest v where
Py = 0.001Pp0q

= Air density p = reference air density
*  Rated wind speed:
1
_ [ *Prated /s
Vrated = max(c,)A
*  Power coefficient: ¢y ; (constant)

*  Cut-out wind speed veyt—gut =
100 ms*

A A

Initial zero-turbulence power curve:

0 V< Vet in, th O ¥ = Veut—out

1
PO e Veut—inth = ¥ < Vrated, th
Prated,th Vrated,th < ¥ = Veut—out

A 4
Simulated power for all bin-averaged data:

By = f‘pw,th("l) +flv 1) de

'

Simulated power coefficient: 2P pated, th
épy = 2P/ (pvia) pep thA

l :

Bin-average
measured
data: v; and I;

Rotor
area A

1

-
Convergence tests:
. . 0.1
|max(P) - Praledl < 2o Prated
Peut—in,th ~ Veut—in | <0.5ms*
*  |max(ép) — max(cp)|<0.01
. vy

Update power curve parameters
Pratedth = Prated.th = max(F) + Prated
Veut—in,th = Peut—in th ~ Peut—in + Yeur—in

" Cpth= Cpth — max(@) + max(ce)

Pass all tests?

Initial zero-turbulence
power curve, adjusted Pu.th

Figure
M6 IEC

}

Zero-turbulence
power curve Py
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dats Simulate power time-series data with measured | Simulate power time-series data at [ oference: Measured v
minu i r (10-minute
e P [ Poanter:res e B = [ Poth) 15 hetrence Y vyl
vand! Ireference

: }

Measured
turbine power
P(v)

For each observation:
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IEC 61400-12-1: 2017 TI corrected PP

Advantage:

« Works qguite well in most of the situations
« Method without too much physics in it (advantage?)

« Only informative part of the standard

Disadvantage:

« Complicated procedure
« Questionable procedure

« Only informative part of the standard



Alternatives

“Langevin Power Curve”
« Glves accurate results in most situations
- Needs high frequency data

« Fasy to understand, difficult to implement

Statistical method

« Uses the 10 min data recorded as per IEC standard



closer, committed, competitive

Langevin Power Curve - Basics

« Assumption: Markov process

« Dynamics described by Langevin equation:

du 1 2
= = DD(u) +\/DO(w) - T(1

- Drift and Diffusion coefficients (Kramer-Moyal Coefficients) determine
the dynamics of the system

« KM coefficients can be determined out of the n-order Moments

« Disadvantage: Continuous high Frequency data needed
(faster than THz)
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Langevin Power Curve - Results

« Might or might not give good results:
o Langevin power curve (1Hz data)
© 7 — 1Hzdata , ' | |
- 2h Sqmple 4
§ o | — IEC-like ‘ 2000 )
:CD
E/O | 1500+
> © =
2 <
g o % 1000 }
— <t o
)
5
Q 8 . 500 |
4 é é 1|0 1|4 | Oc; = 5 1|0 1|5 zlo 25
wind speed u(t) [m/s]

Wind speed (m/s)
Source: The conversion dynamics of wind energy systems treated as a

Source: Wind Turbine Performance Measurements by Means of Dyna
complex stochastic process, Milan (2014)

mic Data Analysis, Friis Pedersen (2016)

- Has the potential to be an alternative, but needs further investigation.
Not in the IEC standard, thus not yet (?) accepted in the industry.



Simplified statistical approach (1)

 For IEC measurements we are sticked to the 10 min
averaging period

« We do not know what is happening inside the standard
IEC 61400-12-1 Wind Speed and Power Signal BIN:

o /s the distribution Gaussian? .

- Is the distribution Uniform? -

---------

What about the skewness?




Simplified statistical approach (2)

Assumptions:

Turbulence describes the wind speed change in a given time
interval (here: 10 min)

« Data within the 10 min averaging interval follows Gaussian
Distribution

« The turbine follows the same Power Curve for 0% T as for higher
turbulences up to the limit set by controller and WT dynamics.
Effects seen on the Power Curve are only artifacts due to the BIN
averaging

« Shift in Power Curve due to ,contamination” of bins with data from
neighboring bin
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Simplified statistical approach (3)
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Simplified statistical approach (4)
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Method Comparison

IEC Method Langevin Power Curve Simplified statistical

approach

+ Standard method + Potentially very accurate + Easy to use
+  Well documented Method +  Works with 10 min data
+ Works with 10 min data + Very fast method
- Difficult to use - Difficult to use - Cannot correct all errors due
- Sensitive to assumptions and to 10 min averaging
settings

- Non-standard method
- High-frequency data needed



Thank you very much
for your attention

ProfEC Ventus GmbH

www.profec-ventus.com
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