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The order from Siemens Wind Power A/S dated 2005-08-23 required WINDTEST Kaiser-
Wilhelm-Koog GmbH (WINDTEST) to carry out acoustic noise measurements on the Siemens
wind turbine generator system (WTGS or ‘turbine’) 2.3 MW Mk Il of hub height 80 m near
Hevsere, in the region of Ringkebing in Denmark. From this, the sound power level, relevant
for noise propagation calculations, of the noise emitted from the turbine at different wind
speeds, and frequency spectra of the same, was also to be determined.

1 Scope

The results given in this report relate only to this WTGS.

2 Method

2.1 Measurement procedures

All measurements and analysis described in this report were done in accordance with the
IEC 61400-11: Wind turbine generator systems — Part 11: Acoustic noise measurement
techniques, Ed. 2 [IEC 61400-11] using Method 1 as outlined in 7.3.1.1 “Method 1:
determination of the wind speed from the electric output and the power curve”. In this report the
sound power level and the tonality are given in the range of wind speeds from 6 to 10 ™/, at a
height of 10 m.

Note: A calculated power curve for the turbine was provided by the customer for purposes of
converting the measured turbine power output into the standardised wind speed. This power
curve is given in the Annex.

2.2 Measurement object

Table 1 shows the characteristics of the measured WTGS. The remaining characteristics can be
found in the manufacturer’s certificate included in the Annex.

Table 1: Characteristics of the measured WTGS

parameter Value

manufacturer Siemens Wind Power A/S
type 2.3 MW Mk Il

WTGS No. 2300439

site Havsere, Denmark
hub-height above ground 80m

rotor diameter 924 m

distance middle of tower to middie of blade flange [3,5m

power control (pitch/stall) pitch

2.3 Course of the measurements

The total measurement period lasted from 2005-08-12 15:00 h until 2005-08-13 20:00 h. During
this time the measured wind speed ranged from 5,5 to 12 m/s at a height of 10 m. The real
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electrical power output of the turbine ranged between 300 and 2300 kW. The turbine was
running continuously during the operating noise measurements.

The sound pressure level was recorded with a microphone on an acoustically hard board. The
real electrical power output and the wind speed at a height of 10 m, taken upwind of the turbine
in clear air, were also recorded. Time periods, where there were intermittent background noise
of a significant nature, e.g. passing cars, planes flying over, rain etc., were marked accordingly
during the measurements, and were omitted in the later evaluation. If there were random and
reoccurring disturbances, which could not be marked during the measurement, a later state
correction by means of a comparison with the DAT-recording was done.

The wind turbine generator system is sited in farmland. The surface roughness length for this
measurement is assumed to be 0.05 m. The microphone position was chosen to minimise the
effect of buildings, trees or bushes in the surrounding area of the wind turbine generator
system, which might have had an influence on the measurement results. The conditions comply
with free field behaviour over a reflecting plane.

During the noise measurements the meteorological conditions given in Table 2 were prevailing.

Table 2: Prevailing meteorological conditions during the measurements

barometric pressure at 2 m height above | 1001 - 1006
ground [hPa]

air temperature at 2 m height above 14-18
ground [°C]

prevailing wind direction wWNwW

range of wind direction 280 - 330
weather conditions cloudy and dry
Turbulence intensity at 10 m height above | 14,0

ground [%]

24 Measuring equipment

The measuring equipment used is listed in the Annex. This equipment is tested regulary
according to [IEC 61400-11] to ensure a high degree of measurement accuracy as well as
security of data. The complete acoustic measurement system was checked before and after the
measurements using an acoustic calibrator (B&K 4231).

2.5 Position of microphone
The microphone was placed according to [IEC 61400-11]. The distance from the turbine to the

reference measuring point, Ro = 112 m, was chosen taking local circumstances into account.
The height of the microphone with respect to the bottom of the turbine foundation was 0 m.

3 Measurement results

3.1 Determination of directivity

As no significant directivity was ascertained the reference measurement position was chosen to
be directly downwind of the turbine. This ensured worst case sound propagation conditions
were taken into account.

WT 4498/05: Report of acoustical emissions of a Siemens wind turbine generator system of the . "
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3.2 Sound pressure level

The microphone converts the sound pressure into a continuous analogue signal which is then
fed to a sound level meter. The resulting dB value, Laeq, together with the status, the wind speed
at a height of 10 m, WS, and the real power output of the turbine, P,, all recorded by the
measurement system, is plotted against time in a graph given in the Annex. Here it can be seen
at which points in time the turbine is switched on and off and provides an overview of the
background noise in relation to the operating noise recorded by the measurement system over
the whole period of the measurement. As can be seen, data was captured continuously
throughout the whole measurement period. Non-normal background noises occurring in the
measurement period, e.g. from aircraft or traffic, were marked during data acquisition to enable
their easy omission in the evaluation to follow. The state signal is used to differentiate between
periods when the turbine is running and when it is stopped. State = 3 depicts a running turbine,
state = 0.5 depicts a stopped turbine, and state = 0 marks the data to be omitted in the
evaluation.

The noise produced by the turbine alone Laeqc at wind speeds of 6, 7, 8, 9 and 10 m/s is then
determined by converting the dB levels of background and in-service noise to intensities,
performing a subtraction and converting back again to dB. In order to determine this, regression
curves of the measured sound pressure level with the turbine both running and stopped, plotted
with respect to the standardised wind speed at a height of 10 m are required. The wind speed
measured during the background noise measurement is multiplied by the factor k, which is
defined as the following:

»
I
TR

where,
V, is the standardised wind speed

V, is the measured wind speed.

For this measurement, « = 0,93.

The results of this regression analysis are given in the Annex. All relevant sound pressure level
values are given in the annex.

Remark: The data have been analysed using a fourth order regression because this is the best
fitting approximation through all the relevant data points. In accordance with [IEC 61400-11] the
data have also been analysed using a second order regression which is given in the annex only
for information purposes. The sound levels resulting from the higher order regression have
been applied in the third octave analysis.
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3.3 Sound power level of the turbine

In accordance with [IEC 61400-11] the sound power level L,, , of the turbine in dB is derived

from the corrected sound pressure level L, .,, at wind speeds between 6 and 10 m/s at a
height of 10 m, using the following formula:

4-ﬂ-R,2J

1]

LWA,I( = LAeq,c,k - 6 + 10 ’ lg[

where, 6 dB is the correction due to the doubled sound pressure sensed by the microphone
caused by coherent interference at the acoustically hard board.

2
10- lg(ig—&J =the ratio in dB of the surface area of a sphere having the radius R,
0

to the reference surface area of S,

where,
S, =1m?

R =+(R, +df+(H -h,}
R, = distance between tower centre and microphone position

d = distance between tower centre and rotor flange middle point
H = hub-height above ground level
h, = height of microphone

The following results are given in the Annex:

» A graph showing regressions through all the measured wind turbine sound data Laeq and
background noise data L.

e A plot of the background corrected normalised values of Lwa against the standardised
wind speed.

e A plot of Laeq and L,, against measured wind speed.
* A plot of Laeq against power.

e A plot of rotor speed against power.

e Atime plot of the measurement.

For the Siemens 2.3 MW Mk Il in the present configuration the real power output and the
apparent sound power levels are given in table 4.

3.4 Tonal and frequency analyses

In accordance with the technical guideline [IEC 61400-11] a tonal analysis has to be carried out.
The frequency spectrum of the noise, which is measured on the acoustically hard board, is
determined on the basis of a narrow band analysis by means of the FFT-analyser B&K 2144,
This analysis was performed after the measurements using the audio signal recorded on a DAT-
recorder.

WT 4498/05: Report of acoustical emissions of a Siemens wind turbine generator system of the
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The results of the tonal analysis of the Siemens 2.3 MW Mk il according to [IEC 61400-11] are
given in table 4.

3.5 3rd octave analysis

The A-weighted sound spectra at all the integer wind speeds are given in the Annex.

WT 4488/05: Report of acoustical emissions of a Siemens wind turbine generator system of the . .
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3.6.1 Sound power level

The result of the sound power level measurement is subject to uncertainties which are due to
the environment, meteorological conditons and the measurement system. For these
measurements all the type B measurement uncertainty components as specified in the technical
guideline [IEC 61400-11] are given in Table 3. For all of the type B uncertainties mentioned
here, a rectangular distribution of possible values is assumed for simplicity with a range
described as “ta”. The standard deviation for such a distribution is:

U="2

V3

Table 3: Type B measurement uncertainty components

Component Range Uncertainty

[dB] [dB]
Calibration, U, 10,2 0,12
Chain of acoustic measurement instruments, U, 0.4 0,23
Acoustically hard board, U, 10,5 0,29
Distance measurement, U, +0,1 0,06
Acoustic impedance of air, U, 0,2 0,12
Meteorological variation (including turbulence), U, +0,7 0,40
Wind speed derived from the power curve, U,, 0,3 0,17
Wind direction, U g, +0,5 0,29
iUB,-z 0,44
i=|

The error in the background correction U,, in dB has been calculated for each integer wind
speed as follows:

Uy = Lyeges = [10 . log(l Q> s _ 100’1(1'"+U“°))]

eq.c.k

where U, is the error in the background noise in dB defined as follows:

WT 4498/05: Report of acoustical emissions of a Siemens wind turbine generator system of the
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UHG - (yn —yn,erl)z

N, -2
where:
v, =measured sound pressure level of background noise in dB
Vnest = estimated sound pressure level of background noise from the regression analysis
in dB
N, =number of background noise measurement values in the wind speed bin

corresponding to the integer wind speed.

The combined measurement uncertainty U_relating to the sound power level L,,, is
calculated as follows:

8
Ug= JU,,2+ U + D .Uy’
i=l

where:

U = Z(y - ye:l) ?

PENE LA L L
N-2

where:
y =measured sound pressure level of total noise (operating plus background) in dB
Vest = estimated sound pressure level of total noise from the regression analysis in dB
N =number of total noise measurement values in the wind speed bin corresponding

to the integer wind speed.
Ali values for U, U,, and U are given in the annex.

3.6.2 One-third octave band spectra

The uncertainty in the one-third octave band spectra is given in the Annex for all the third octave
bands.

3.6.3 Tonality

The uncertainty in the tonality is given in the Annex for all the given tones.

4 Summary

As ordered by Siemens Wind Power A/S, 7330 Brande, Denmark, WINDTEST Kaiser-Wilhelm-
Koog GmbH took measurements of the acoustic noise emissions on the Siemens WTGS
2.3 MW Mk Il with a hub height of 80 m.

WT 4498/05: Report of acoustical emissions of a Siemens wind turbine generator system of the
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All measurements and analyses of the sound power level and tonality described in this report
were made on the basis of the technical guideline [IEC 61400-11]. The analysis of the sound
power level was carried out using the standardised wind speed which was calculated from the
power curve provided by the customer (see Annex).

The data on the Siemens WTGS 2.3 MW Mk Il have been evaluated by using a fourth order
regression because this is the best fitting approximation over all relevant points.

The results of this measurement are given in table 4.

Table 4: Summary of results

wind speed in 10 m height [m/s] 6 7 8 9 10

electrical power output calculated from the 1049 | 1651 | 2106 | 2260 | 2295

power curve [kW]

measured pitch angle [degrees] -0,8 -0,8 -0,8 0 >1

measured rotor speed [min’'] 15,1 15,3 15,4 15,8 16,0
sound power level [dB] 103,4 | 104,9 | 105,17 | 105,0 | 105,0

combined uncertainty in the sound power

level, U [dB] 1,2 1,1 1,2 1,3 1,3

tonality, AL, [dB] -5,58 | 4,68 | -6,36 | -543 | -5,91
tonal audibility, AL, [dB] -2,58 | -1,69 | -3,36 | -2,43 | -3,58
frequency of the most prevalent tone [Hz] 1200 | 1200 | 1200 | 1200 530

It is assured that this report has been drawn up impartially in accordance with state-of-
the-art science and technology and with best knowledge and conscience.

WT 4498/05: Report of acoustical emissions of a Siemens wind turbine generator system of the . .
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5 List of employed symbols and abbreviations

d - distance from rotor centre to tower axis m
D - rotor diameter m
Al jk - tonality of the ’j th' spectrum at 'k th’ wind speed, where j=1 o 12 and

k=6,7,8,9 10 dB
ALy - energetic average of the 12 ALk dB
Al - tonal audibility dB
f - frequency of the tone Hz
fe - centre frequency of critical band Hz
H - height of rotor centre (horizontal axis turbine) or height of rotor

equatorial plane (vertical axis turbine) above local ground near the

wind turbine m
ha - location point height (in measurement equal to microphone height) m
K - the ratio between standardised wind speed and measured wind speed -
LaorLc - A or C-weighted sound pressure level dB
Laeqx - equivalent continuous A-weighted sound pressure level, where k =

6,7,8,9,10 dB
Laeg.cx - equivalent continuous A-weighted sound pressure level corrected for

background noise at each integer wind speed and corrected to reference

conditions, where k=6, 7, 8,9, 10 dB
La - equivalent continuous sound pressure level level of the background

noise dB
Lo - sound pressure level dB
Lpniix - sound pressure level of masking noise within a critical band in the ‘j th’

spectrum at the ‘k th’ wind speed, wherej=1to12and k=6, 7, 8,9, 10dB
Lenawjxk - average of analysis bandwidth sound pressure levels of masking noise

in the ’j th’ spectrum at the 'k th’ wind speed, where j=1to 12 and k =

6,7,8,9,10 dB
Lptjk - sound pressure level of the tone or tones in the ‘j th’ spectrum at the

‘k th’ wind speed, wherej=1to12andk=6,7, 8,9, 10 dB
Ls - equivalent continuous sound pressure level of only wind turbine noise  dB
Ls+n - equivalent continuous sound pressure level of combined wind turbine

and background noise dB
Lwak - apparent sound power level, where k=6, 7, 8, 9, 10 dB
N - Number of measured values -
Pw - effective electrical power kW
Ro - reference distance m
R - slant distance from rotor centre to actual measurement position m
So - reference area, Sp = 1 m? m
Ua, Us - Uncertainty components dB
Uc - Total uncertainty dB
Une Error in the background noise dB
Vi - derived wind speed from power curve m/s
Vs - standardised wind speed m/s
WTGS - wind turbine generator system -
y - measured sound pressure level of operating plus background noise dB
Vest - estimated sound pressure level of operating plus background noise from the

regression analysis dB

WT 4498/05: Report of acoustical emissions of a Siemens wind turbine generator system of the
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6 References

[IEC 61400-11] IEC 61400-11, Wind turbine generator systems - Part 11: Acoustic noise
measurement techniques, Ed. 2.

7 Annex
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./Ser.Nr.
Beschreibung Fabrikat WI Nr. sel' N Kal, am | Bichmgam | o,
description supplier Typipe WT stock er/serial cal. on standardisatio used
number n
e
Alastischer Kalibrator Brael & Kjr 423 WT 300083004 (2438819) ; 31.12.2006 X
acoustic calibrator
Mikrofon Briel & Kjar 4188 2uWT 30002904 (2427565) ; 31.12.2006 X
microphone
7
v °"":‘""§“‘" Brael & Kjer 2C0030 2uWT 30002604 ; 31.12.2006 X
'ql .
Mikrofonkabel Brie] & Kjer AO 0560 2uWT 30002004 ; 31.12.2006 x
|_______nricrophone cable
Handschallpegelmesser Briel & Kjeer 2238 WT 30002904 (2437622) - 31.12.2006 x
decibel meter
Primfirwindschirm .
e ety Broel & Kjeer UA 0237 - - - X
Sehmaim‘.ndsc ) Delta Acoustics SiM - R .
secondary wind shield
DAT-Rekorder Sony TCD-D100 |  WT 300083304 (541959) ; ; x
Anemometer Thies Clima 4351900000 | WT 010041504 (PN 457 0604) | Jun. 04 - x
anemometer
Windrichtungsgeber ‘Thies Clima 4312000012)  WT 020013504 (0504426 ; - X
wind direction sensor
Temperaturgeber Herseus (Logger) PT100 WT 300084704 5l 05 . x
| ____temperature sensors
Temperaturgeber Heraeus (W+W) PT100 WT 300084604 Jul. 05 ; X
remgramre Sensors
Luftdruckgeber Wilmers Messtechnik (Loggen)| 0619 WT 080021803 Tul. 05 . X
Loftdruckgeber Wilmers Messtechnik (W+w)| 0619 WT 090022804 Jul. 05 . X
Leistungsumformer Metrawatt (DME 1) SINEAX DME WT 300070903 Tun, 04 R
power transducer 442
Leistungsumformer Metrawatt (DME 2) SINEAX OME WT 300055202 Aug 03 -
| power transducer. 442
Leistungsumformer Metrawatt OME3) | SINEAX DME WT 300018898 Feb. 05 .
| power transducer 442
Lefstumgsumformer Metmawant OME4) | SINEAX DME WT 300079804 Feb. 05 ;
| power fransducer 442
Zangenstromwandler Chauvin Amoux (DME 1) D32N WT 300071603 bis 300071803 | 1ut. 05 -
__curreniclamps
Zangenstromwandler Chaurvin Amoux (DME 2) Da2N WT 300053501 bis 300053701 | 1t 0s -
| current clamps
Zangenstromwandler Chawvin Amocx OME3) | A"PFLEX | \Wr 300091804 bis 300002004 |  Jut 05 .
| current clamps A100
Zangenstromwandler Chauvin Amotx (DME 4) A";&';%Ex WT 300085804 bis 300086004 | Jul 05 .
Datenlogger Th. Friedrichs 1020 WT 030013504 (091630) Jul 04 - X
ez
Zweikanal-Echtzeit-
Frequenzanalysator Briel & Kjzr 2144 WT 9904897 (1732981) Sep 03 - x
2-channel real time frequency
Erfussungi- ind GfS Aachen DiAdem 8.1
Auswertesofiware !
data acquisition and analytcal Microsof Excel 2000 . . ) X
, DATALOG GmbH Dasy-Lab 7.0
Eﬂassungsrechner Compag nx
; HP WT 400023903 (CNF 3371X4 . -
JOm iBook ( 2
b il HP )2'53 WT 400021502 (TW 21806701) | - -
assungsrecnner HP °’"£é’33°°" WT 400020802 (TW 21121810) | - -
assungsrechner HP comiumu o™ | Wt 400026604 (cNUazTOORT) [ - R
o ngRrecer HP Compaq ™ | T 400024003 (CNF 3371X70) | - .
assungsrechiner HP °°"'E s | WT 400024103 (CNF 3371Xa) | - - x
H n- i""ﬁ"“‘“‘ Clark (SMS 3) QT 12MHP WT 050019003 - - X
ﬂnt;érecﬁungxgﬁe
Spannungsversorgung APS sm:gog Ps WT 30009002104 - - X

WT 4498/05: Report of acoustical emissions of a Siemens wind turbine generator system of the
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Annex 2.1a: 2" order regression of Laeq and L, against standardised wind speed
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Annex 2.1b: Higher order regression of Lae and L, against standardised wind speed
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Annex 2.2: Summary of analysis input parameters and resuits
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Annex 2.3: Plot of Lya against standardised wind speed
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Annex 2 .4: Plot of La,q @and L, against measured wind speed
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Annex 2.5: Plot of Lasq against power
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Annex 2.6: Plot of rotor speed against power
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Annex 2.7: Time plot of measurement

WINDTEST Kaiser-Wilhelm-Koog GmbH

WT 4498/05: Report of acoustical emissions of a Siemens wind turbine generator system of the

type 2.3 MW MK |l near Havsere in Denmark




Page 23 /47

Annex 3.1a: Overview spectra 1-6 of turbine noise at a wind speed of 6 m/s
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Annex 3.1b: Overview spectra 7-12 of turbine noise at a wind speed of 6 m/s

o0y Jin ‘Bul-1dig ‘1oyaqieaq / ableyo u| HqWO
suwg -aBpUI / psads pUIAA mm:ow:m._mmwnwtuwm sspglL—41 Cm._”_v_wawwuco_m._wnD .—vmm.—-QZ—;
ZPI/LL-007L9 O3 ‘Bunssay / prepuels aslou aulqin} Jo Z| - / eipoedg
CL/TL-80-G00C wnepssay / ‘Wainseaiy .
BlasA@H ‘Hopuels / ayis _ _ v__>_ >>_>_ € N wCOC._m_w
121] fouenbe.y [zH) Aouenbesy [z1] Aouenbay
m 005} 0sZ1 000} 054 00 057 0 0051 oSzt o0 asi 095 052 005} 0571 060+ 034 005 052 [}
_m boi
3
<07
0%
ROy
£ 5 5
B o B &
Z1 'ON wniioadg LL ‘ON wnJydaede 01 ‘ON wniosdg
(awlfouenbess (2+} fouenbsuy {zH} Aouanbayy
8"2 omuﬁ 8"3 om~ omm om~ 0054 0524 0001 0L 005 057 0054 0STh 0g0t 054 005 052
Hf bol st [
W.
H
s Joz - 1.
B
m Jot e Lo
L it'g - L,
.m 5 &
05 g i m L 3
o 6 ‘ON wniisedg 8 'ON wnijoadg 1 "ON wnJjoedg =
8
]

WINDTEST Kaiser-Wilhelm-Koog GmbH

WT 4498/05: Report of acoustical emissions of a Siemens wind turbine generator system of the

type 2.3 MW Mk Il near Havsere in Denmark




Page 25/ 47

Annex 3.1c: Analysis of tonality of turbine noise at a wind speed of 6 m/s
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Annex 3.2a: Overview spectra 1-6 of turbine noise at a wind speed of 7 m/s
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Annex 3.2b: Overview spectra 7-12 of turbine noise at a wind speed of 7 m/s
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Annex 3.2c: Analysis of tonality of turbine noise at a wind speed of 7 m/s
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Annex 3.3a: Overview spectra 1-6 of turbine noise at a wind speed of 8 m/s
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Annex 3.3b: Overview spectra 7-12 of turbine noise at a wind speed of 8 m/s

300 4N Bul- 1dig ‘1eyequeag / abieyo u) Hawe o
swg ~aBpuip / paads puim wwcom:m\_wmwnw_._uwm sepelL-—/ Cw._uv_oawwuco_m._mnD Qz
ZPF/LL-00vL9 O3l :Bunssap / pJepuas @slou suiqin} jo zZ| - 2 endadg me._. = 5
€1/C1-80-G00C ‘Wnjepsssy / ‘Wainseap ]
e105A2H MOPUEIS / BYS I YN MIN €°¢ suswelg
{2H) Aduenbesy {zH] Aduenbe.gy [zH) Aouanbeuy
M 00st 05zt 050: 054 00s 05z X 005} 0571 0004 08t 095 052 005t 057t 0001 051 005 052
] g 4 o $ it } $ 3 ¢ Y I i § b 3 . ¥ § 0
g
_m ROl kol hor
3
oz 0L +0Z
oc E ot
+0v o +0r
£ ° 5
+os B Log W. Log ..m
Z| ‘ON wni}oads L1 "ON wnioade 01 'ON wnuoadg
(aH} fouenbas (24 fouenbesy (zH] Aousnbas 4
0 o oo | op s % 005t 0sZL 000k 03t 0gs 057 00St  0SZL _ 000b 0%l 095 05z
% For oL oL
#
Z T hoz Soz
&
n o
m 408 4o +o¢
<or Lox L )
5 £ 5
=08 .m i m g .m
_ 6 'ON wninsadg 8 "ON wniyoadg 1 "ON wnyoadg =
8
g

WINDTEST Kaiser-Wilhelm-Koog GmbH

WT 4498/05: Report of acoustical emissions of a Siemens wind turbine generator system of the

type 2.3 MW Mk il near Hevsere in Denmark



Page 31/47

Annex 3.3c: Analysis of tonality of turbine noise at a wind speed of 8 m/s
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Annex 3.4a: Overview spectra 1-6 of turbine noise at a wind speed of 9 m/s
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Annex 3.4b: Overview spectra 7-12 of turbine noise at a wind speed of 9 m/s
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Annex 3.4c: Analysis of tonality of turbine noise at a wind speed of 9 m/s
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Annex 3.5a: Overview spectra 1-6 of turbine noise at a wind speed of 10 m/s
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Annex 3.5b: Overview spectra 7-12 of turbine noise at a wind speed of 10 m/s
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Annex 3.5¢: Analysis of tonality of turbine noise at a wind speed of 10 m/s

%00y Jin ‘Bu-1dig
S/w 0}
ZPI/LL-00v49 O3

€4/21-80-G00C
1PSAPH

Jeyaquiesg /7 abBieyo u|

“'aBpUIA, / paads PUIM

‘Bunssay / psepuels

‘WNJepssay / ‘Wainsesy

‘JopuBlS / BYIS

sayosnelabsgaulag sap Bunpamagsyeybneyuo |
asiou auiqin} Jo A)ljeuo} Jo sisAjeuy

XN MIN €°¢ suswaig

HAwo Booy-uneugpn-sesyny|
1S3LANIM

0472HZES D3 S U0L By samog

oM baTER |3 3y INCes)

500260 L0

g6t vez- 6¢0- 6c9y Lo9p 6£°0¢ 00T ves z
£0°0- €ee- 9e'Z- £0°LY 9%y vo'Le 002 9zs 1)
£5'z- £€Z- 18- £0'LY LTy Yo'Le 00 0€8 ol
18°b- ££'Z- 0z'L- ZS'Ly Zeoy £gle 00'Z 825 6
626~ €eT- z9L- 0oLy 8¢'6E 00'LE 00 0€s 8
¢80 vez- 6L'¢- 80'LY 1:344 80l 00 e L
G9EL- A 86°G1L- €Ty SZ1Le 00z vZs 9
L9°€1L- ve'Z- 009t~ 66 Ly 86'L€ 002 veg S
FAN €€'Z- vrg- 6L9Y geLy 180¢ 00'Z 9zg 4
89°€L- vez- z0'9L- Ly TN 00z ors €
GOEL- KT 16Gl- 69'LY zLie 002 0zs 4
LOEL- vez- 10'9L- 8Ly 08'1€ 00'C 9€G )
[ap] [ap] [ap] [ap] [ap] [ap] [zH] [zu]

N'eqeysp el $'Tur eyop % Tudq AT A['Bae'udy jeyep 14 auo} ON W

WINDTEST Kaiser-Wilhelm-Koog GmbH

WT 4498/05: Report of acoustical emissions of a Siemens wind turbine generator system of the

type 2.3 MW Mk il near Havsare in Denmark



Page 38 /47

&

Annex 4.1: A-weighted sound pressure 1/3-octave spectrum at 6 m/s
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Annex 4.2: A-weighted sound pressure 1/3-octave spectrum at 7 m/s
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Annex 4.3: A-weighted sound pressure 1/3-octave spectrum at 8 m/s
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Annex 4.4: A-weighted sound pressure 1/3-octave spectrum at 9 m/s
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Annex 4.5: A-weighted sound pressure 1/3-octave spectrum at 10 m/s
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Annex 5: Photos

Picture from the board in direction of the WTGS

WT 4498/05: Report of acoustical emissions of a Siemens wind turbine generator system of the
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Annex 5: Photos

Picture of microphone and board

WT 4498/05: Report of acoustical emissions of a Siemens wind turbine generator system of the . .
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Annex 6: Power curve used in the analysis

PP 2.3 MW Mk il, 1.225 kgm3 / 30-06-2004

Bonus 2.3 MW MKk 11, 1.225 kg/m3
Sales Power Curve, Preliminary

The calculated power curve data are valid for the above air density conditions, clean rotor blades,
and horizontal, undisturbed air flow with 10% turbulence intensity.
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The annual energy production data for different annual mean wind speeds in hub height are calculated from the above
power curve assuming a Rayleigh wind speed distribution, 100 percent availability, and no reductions due to array
losses, grid losses, or other external factors affecting the production.
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Annex 7a: Manufacturer’s certificate, page 1/2

Herstellerbescheinigung zu spezifischen Daten der Anlage vom Typ
Manufacturer’s certificate on specific data of the type of installation

Datum / date: 22/08/2005

[1. Aligemeines | General

Hersteller Siemens Wind Power A/S manufacturer
Anlagenbezeichnung 2.3 MW mkit type name
Art (horizontale/vertikale Achse) Horizontat type (horizontal / vertical axls)
Nennleistung 2300 kW rated power
NabenhShe Uber Grund 80 m hub height above ground
Nabenhshe lGber Fundamentflansch 80 m hub height above top of foundation flange
Nennwindgeschwindigkeit 12 m/s rated wind speed
Ein- und Ausschaltwindgeschwindigkeit 3/25 m/s cut-in and cut-out wind speed
Beitrag zum Kurzschlussstrom appr. 2.5 kA contribution to short circuit current

1 2. Rotor | Rotor |
Durchmesser 224 m diameter
Bestrichene Flache 6706 m? swept area
Anzahl der Blatter 3 number of blades
Nabenart (pendelind/starr) Rigid kind of hub (teeterad/rigid)
Anordnung zum Turm (luv/lee) Luv relative position to tower (luv/iee)

Nenndrehzahl / -bereich
Auslegungsschnellaufzahl

6,1-18,4 U/min / rpm

rated speed / speed range
design tip speed ratio

Rotorblatteinsteliwinkel -2 to 82° Pitch controlled rotor blade pitch setting
Konuswinket 2° cone angle
Achsneigung 6° tilt angle
Abstand Rotorflanschmittelpunkt - distance between rotor flange centre and
Turmmittettinie 3.5m tower centre line
[3. Blatt 1 Biade ]
Hersteller Siemens Wind Power A/S manufacturer
Typenbezeichnung B45 type
Profile innen/auen FFAW3/ NACAGE3-6xx btade section inner/outer
Material GRE material
Lénge 45 m length
Profiltiefe max./min. 335m/0.7m chord length (max./min.)
Zusatzkomponenten (z.B. stall strips, Vortex generator additional components (e.g. stall strips,
Vortex-Generatoren, Turbulatoren) vortex generators, trip strips)
Extenderlinge N/A extender length
[4. Getriebe ] Gear|
Hersteller Flender manufacturer
Typenbezeichnung PEAB 4456 type
Ausfuhrung Planetary/helical design
Ubersetzungsverhiltnis 1:90.84 speed ratio
[ 5. Generator I Generator |
Hersteller ABB manufacturer
Typenbezeichnung AMASOOL4A type
Anzahl 1 numbers
Art Asynchronous design
Nennleistung(en) 2400 kW rated power (s)
Nennscheinleistung 2690 kVA rated apparent power
Nenndrehzahlen oder Drehzahlbereich 600-1800 1/min rpm rated speed (s)/ speed range
Spannung 750 V @1550rpm voltage
Frequenz 20-60 Hz frequency
Nennschlupf % rated slip
[6. Turm | Tower |
Hersteller manufacturer
Typenbezeichnung DSSM04 type
Ausfuhrung (Gitter/Rohr, zyl./kon.) Tapered turbular design (lattice/tubular, cylindrical/ conical)
Material 8355 material
Lénge 78 m length

Seite 1 von 2
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Annex 7b: Manufacturer's certificate, page 2

| 7. Windrichtungsnachfohrung_

Yaw_control |

Ausflhrung (aktiv/Passiv) Active design (active/passive)
Antriebsart (el./mech./hydr.) Electrical drive (electr./mech./hydr.)
Dampfungssystem wihrend des Betriebes Friction damping system during operation
| 8. Betriebsfilhrung/ Regelung | Other eiectric instaliations |
Art der Leistungsregelung Pitch contro! kind of power control
Antrieb der Leistungsregelung Blade pitch actuation of power control
Hersteller der Betriebsfuhrung/ Regelung KK-electronic manufacturer of control system
- Typenbezeichnung WTC 3 - type

- Verwendete Steuerungskurve

- applied used contro! characteristics

| 9. Sonstige elektrische Komponenten

I

Other electric installations ]

Anzahl der Kompensationsstufen

Blindleistung Stufe 1
Art der Netzkopplung

- Hersteller

- Typenbezeichnung
Netzschutzhersteller

- Typenbezeichnung

- Einstellbereiche:
Spannungssteigerungsschutz
Spannungsrtickgangsschutz

Frequenzsteigerungsschutz
Frequenzriickgangsschutz
Typenbezeichnung der Abschalteinheit
Oberschwingungsfilter (Ja/Nein)
{Oberschwingungsfilter miissen auf den
Netzverkniifpungspunkt ausgelegt sein.)

Controlled by use of
4 quadrant
frequency converter
_ kvar
Connected by use
of frequency conv.
Alstom

4 quadrant
frequency conv.

KK

759 V line-tine
621V line-line for
more than 3 sec.
51,5 Hz

47,5 Hz

Short circuit breaker
Yes

number of compensation stages

reactive power stage 1
kind of interconnection

- manufacturer

- type

mains protective manufacturer

- type

- adjustment ranges:
overvoltage protection
undervoltage protection

overfrequency protection
underfrequency protection
type of contact break device
harmonic filter (yes/no)
(harmonic fiter have to be designed for the
point of common coupling)

[ 10. Bremssystem | Brake system |
Bremssystem (primar/sekundér) Blade / Mech. brake brake system (primary/secondary)
- Aktivierung Hydrauiic activation
- Anordnung Hydraulic - location
- Bremsenart Pitch blade/ brake disc - type
- Betétigung Active / Passive - actuation
[11. Typenprilfung Type test |
Prifbehtrde DNV testing authority
Aktenzeichen reference
[ 12. Informativer Teil | Informative |
Standort der vermessenen WEA Hoevsere DK location of measured WTGS
Koordinaten des Standorts coordinate of location
Seriennummer der WEA 2300439 Serial number of WTGS
der Blatter 1001/ 1002/ 1003 blades

des Getriebes
des Generators

Anschrift des Herstellers

Address of manufacturer

48033 gearbox
457691 M E N S generator

Siemens Wind Power AIS
Postbox 171 - Borupvej 16
DK-7330 Brande - Denmark
lel.. +45 8942 2222

£ Y. o5 é\
-
“Btémpel, Unterschrift

stamp, signature

tachnical data.

Der Hersteller der Windenergieanlage bestitigt, daB die WEA, deren Schaliemission, Leistungskurve und elektrischen
Elgenschaften in den Prilfberichten abgebiidet ist, hinsichtlich ihrer technischen Daten mit den o.g. Positionen identisch ist.

The manfacturer of the wind turbine generator system confirms that the WTGS whose noise level, power curve and grid
compatability is d and depictad in the test report xxxxxxx is identical with the above entries with regard to its
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The new standard for
moderate wind conditions

Siemens Wind Turbine SWT-2.3-101

www.siemens.com/energy Answers for energy. SI E M E N S




Your trusted partner

Siemens has been a major driver of
innovation in the wind power industry
since the early 1980s when wind turbine
technology was still in its infancy.

Technology has changed with the times, but Siemens’
commitment to providing its customers with proven
wind turbine solutions remains the same.

The combination of robust and reliable turbines, highly
efficient solutions for power transmission and distribu-
tion and a deep understanding of the entire energy
market ensures that Siemens will continue to be a
leading supplier.

Siemens' record, when it comes to on-time delivery, is
impeccable. Long-lasting customer relationships, based
on the successful installation of wind turbines, provide
for a sound, sustainable and profitable investment.

Drawing on 140 years of experience in the energy sector,
a strong focus on renewables and a global network of
highly skilled and trained employees, Siemens has proven
itself to be a trustworthy and reliable business partner.
And will continue to be in the future.

Harvest more energy
from sites with moderate
wind conditions

The Siemens SWT-2.3-101 turbine is designed to
deliver unparalleled performance and reliability,
making it especially suited to areas with
moderate wind conditions.

The SWT-2.3-101 turbine offers low energy production
costs, and joins Siemens’ 2.3-MW product family, which
has proven availabilitity that is among the highest in
the industry. The 101-meter rotor is specifically
designed to optimize the energy output in areas with
moderate wind conditions. The turbine is also ideal for
all types of grid connections in most major markets.

The SWT-2.3-101 is designed to last. The robust and
reliable design offers a high yield with low maintenance
costs. The turbine is backed by advanced condition
monitoring and diagnostics, which constantly examine

Siemens has the right turbines for all wind conditions

SWT-2.3-93 SWT-2.3-82

Turbulence

Low Wind Speed High

the turbine. Any change in a turbine’s performance is
promptly addressed by an experienced after-sales service
team either remotely or in the field.

If you desire a better return on investment and superior
availability, take a closer look at the SWT-2.3-101 turbine.



Superior performance gives higher yields

Harvesting more energy

The SWT-2.3-101 wind turbine is designed to increase the energy
returns from sites with moderate wind conditions. Advanced blade
technology also allows for quieter operation. The B49 blade with a
rotor diameter of 101 meters and pitch regulation optimizes power
output and increases control over the energy output.

High availability

Currently, the Siemens fleet of 2.3-MW wind turbines sets the
industry standard for availability. The SWT-2.3-101 will build on
the reputation for reliability that the market has come to expect
from a Siemens Wind turbine.

High yield with minimal maintenance

Siemens optimizes the return on investment in its wind

turbines through intelligent maintenance that ensures the turbine
to deliver high yield with low operational costs.

The rugged structural design, combined with an automatic lubrica-
tion system, internal climate control and a generator system

without slip rings contributes to exceptional reliability. The innova-
tive design of the SWT-2.3-101 allows for longer service intervals.

Superior grid compliance

The Siemens NetConverter® system is designed for maximum
flexibility in the turbine’s response to voltage and frequency
variations, fault ride-through capability and output adjustment.
The advanced wind farm control system provides state-of-the-art
fleet management.

Proven track record

Siemens has a proven track record of providing reliable turbines
that last. The world’s first offshore wind farm in Vindeby, Denmark,
was installed in 1991 and is still fully operational. In California,
Siemens installed over 1,100 turbines between 1983 and 1990,
with 97% still in operation today. Siemens takes its commitment
to reliability seriously and prides itself on the long lifespan that its
turbines have demonstrated.

No compromise on reliability

Designed for life

Siemens turbines are designed to last. The robust design of
the SWT-2.3-101 allows for trouble-free output throughout
the complete lifecycle of the turbine.

The blades are made of fiberglass-reinforced epoxy in Siemens’
proprietary IntegralBlade® manufacturing process. The blades

are cast in one piece in a closed process, which eliminates the
traditional weaknesses found at glue joints in other manufacturers
blades. Like the turbine itself, the blades are designed to last.

’

Climate control within the turbine protects vital equipment from
the outside environment. The turbine also offers controlled-wear
strategies for critical components, which results in a further reduc-
tion of maintenance costs.

Safety first

Safety is at the heart of all Siemens operations. From production
to installation, operation and service, Siemens strives to set the
standard in safety.

The fail-to-safe capabilities within a turbine, combined with
Siemens’ superior lightning protection system, are designed
to enhance security for the turbine.

Advanced operations support

Given the logistical challenges associated with servicing wind
farms, Siemens has equipped its turbines with a Turbine Condition
Monitoring (TCM) system that reduces the need for on-site
servicing.

Continuous monitoring of turbines allows for the discovery of
small faults before they become major problems.

The TCM system continuously checks the external and internal
condition of the wind turbine. Twenty-four hours a day, seven days
a week precise measurements are taken of vibrations in the gear-
box, the generator and the main shaft bearings. The system
instantly detects deviations from normal operating conditions.

Using the knowledge gained from monitoring thousands of
turbines over the years, Siemens’ experts are exceptionally skilled
at analyzing and predicting faults within a turbine. This allows
Siemens to proactively plan the service and maintenance of the
turbines as each fault can be categorized and prioritized based

on the severity of the fault. Siemens can then determine the most
appropriate course of action to keep the turbine running at its best.




Technical specifications

Rotor

Diameter

Swept area
Rotor speed
Power regulation

Blades

Type
Length

Aerodynamic brake

Type
Activation

Transmission system

Gearbox type
Gearbox ratio
Gearbox oil filtering
Gearbox cooling

Qil volume

Mechanical brake

Type

101 m
8,000 m?
6-16 rpm

Pitch regulation with variable speed

B49
49 m

Full-span pitching
Active, hydraulic

3-stage planetary/helical
1:91

Inline and offline
Separate oil cooler
Approximately 400 |

Hydraulic disc brake

Generator

Type

Nominal power
Voltage
Cooling system

Yaw system
Type
Monitoring system

SCADA system
Remote control

Tower

Type
Hub height

Operational data

Cut-in wind speed
Rated power at
Cut-out wind speed
Maximum 3 s gust

Weights

Rotor
Nacelle

Asynchronous

2,300 kW

690V

Integrated heat exchanger

Active

WebWPS
Full turbine control

Cylindrical and/or tapered tubular
80 m or site-specific

3-4 mls

12-13 mls

25 mls

55 mls (standard version)
60 m/s (IEC version)

62 tons
82 tons

Tower for 80-m hub height 162 tons

Power [kW]

Sales power curve

The calculated power curve data

are valid for standard conditions

of 15 degrees Celsius air temperature,
1013 hPa air pressure and 1.225 kg/m?
air density, clean rotor blades and
horizontal, undisturbed air flow.

The calculated curve data are
preliminary.
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Nacelle arrangement
1. Spinner

Spinner bracket
Blade

Pitch bearing
Rotor hub

Main bearing
Main shaft

Gearbox

0 0o N ook W

Brake disc

18

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
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Coupling

Generator

Service crane
Meteorological sensors
Tower

Yaw ring

Yaw gear

Nacelle bedplate

Oil filter

Canopy

Generator fan



Sl E M E N s Acoustic Emission, SWT-2.221-101 Low Noise, Hub Height 99.5 m

Document ID: E R WP SP EN-10-0000-0060-01
PE, BSN/2010.05.05
Conveyed confidentially as a trade secret

SWT-2.221-101 Low Noise, Hub Height 99.5 m
Acoustic Emission

Sound Power Levels

The warranted sound power levels are presented with reference to the code IEC 61400-11:2002 with
amendment 1 dated 2006-05 based on a hub height of 99.5 m and a roughness length of 1.661 m as described
in the IEC code. The sound power levels (Lwa) presented are valid for the corresponding wind speeds
referenced to a height of 10 m above ground level.

Wind speed [m/s] 4 5 6 7 8 9 10 11 12 | Upte
cut-out
Sound Power Level 705.0] 105.0] 105.0] 105.0] 105.0] 105.0] 105.0] 105.0] 105.0] 105.0

Table 1: Noise emission, Lwa [dB(A) re 1 pW]

Typical Octave Band
Typical, not warranted octave band spectra are tabulated below for 6 and 8 m/s referenced to 10 m height.

Octave band, centre frequency [Hz] 63 125 250 500 1000 | 2000 | 4000 | 8000

Sound Power Level 826] 938/ 97.0f 995/ 996! 971 893 849
Table 2: Typical octave band for 6 m/s

Octave band, centre frequency [Hz] 63 125 250 500 1000 | 2000 | 4000 | 8000
Sound Power Level 82.4] 93.0] 96.0f 99.8] 100.1 96.5{ 89.6] 857
Table 3: Typical octave band for 8 m/s

. . p 1/1
Siemens Wind Power A/S SWT-2.221-101 99.5 m Acoustic Emission extended CAN ver
® All Rights Reserved 2010 ROT20100503



Sl E M E N S Acoustic Emission, SWT-2.126-101 Low Noise, Hub Height 99.5 m

Document ID: E R WP SP EN-10-0000-0074-00
PE, BSN/2010.06.21
Conveyed confidentially as a trade secret

SWT-2.126-101 Low Noise, Hub Height 99.5 m
Acoustic Emission

Sound Power Levels

The warranted sound power levels are presented with reference to the code IEC 61400-11:2002 with
amendment 1 dated 2006-05 based on a hub height of 99.5 m and a roughness length of 1.800 m as described
in the IEC code. The sound power levels (Lwa) presented are valid for the corresponding wind speeds
referenced to a height of 10 m above ground level.

Wind speed [mis] 4 5 6 7 8 9 10 | 1 12 | Upte
cut-out
Sound Power Level 704.0] 104.0| 104.0] 104.0| 104.0] 104.0] 104.0| 104.0] 104.0| 104.0

Table 1: Noise emission, Lwa [dB(A) re 1 pW]

Typical Octave Band
Typical, not warranted octave band spectra are tabulated below for 6 and 8 m/s referenced to 10 m height.

Octave band, centre frequency [Hz] 63 125 250 500 1000 | 2000 | 4000 | 8000

Sound Power Level 83.1 94.1 96.6f 978 979] 965] 884] 84.0
Table 2: Typical octave band for 6 m/s

Octave band, centre frequency [Hz] 63 125 250 500 1000 | 2000 | 4000 | 8000
Sound Power Level 8221 925] 948 985 99.1 955] 89.0f 85.1
Table 3: Typical octave band for 8 m/s
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Opstalt SWT-2.3-101
Elevation SWT-2.3-101
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SWT-2.3-101
Total height 130.500m |{140.500m [150.000m
L L Hub height 80.000m | 90.000m | 99.500m
Tower height 78.540m | 88.540m | 98.040m
Tower top diameter 2392mm [2392mm |2392mm
Tower bottom diameter |4200mm  |4200mm [3960mm
Wegh aop: [ et
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