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Technical Description of the 1.56-100 Wind Turbine and Major
Components

The wind turbine is a three bladed, upwind, horizontal-axis wind turbine with a rotor diameter of 100
m. The turbine rotor and nacelle are mounted on top of a tubular tower giving a rotor hub height of
80m. The machine employs active yaw control (designed to steer the machine with respect to the
wind direction), active blade pitch control (designed to regulate turbine rotor speed), and a
generator/power electronic converter system.

The wind turbine features a distributed drive train design wherein the major drive train components
including main shaft bearings, gearbox, generator, yaw drives, and control panel are attached to a
bedplate (see Figure 1).

Figure 1: GE Energy 1.56-100 wind turbine nacelle layout

Rotor

The rotor diameter is 100 m, resulting in a swept area of 7,854 m, and is designed to operate
between 9.75 and 16.18 revolutions per minute (rpm). Rotor speed is regulated by a combination of
blade pitch angle adjustment and generator/converter torque control. The rotor spins in a clock-wise
direction under normal operating conditions when viewed from an upwind location.

Full blade pitch angle range is approximately 90°, with the 0%-position being with the airfoil chord line
flat to the prevailing wind. The blades being pitched to a full feather pitch angle of approximately 90°
accomplishes aerodynamic braking of the rotor; whereby the blades “spill” the wind thus limiting
rotor speed.

Blades



There are three rotor blades used on each wind turbine. The airfoils transition along the blade span
with the thicker airfoils being located in-board towards the blade root (hub) and gradually tapering to
thinner cross sections out towards the blade tip.

Blade Pitch Control System

The rotor utilizes three (one for each blade) independent electric pitch motors and controllers to
provide adjustment of the blade pitch angle during operation. Blade pitch angle is adjusted by an
electric drive that is mounted inside the rotor hub and is coupled to a ring gear mounted to the inner
race of the blade pitch bearing (see Figure 1).

GE'’s active-pitch controller enables the wind turbine rotor to regulate speed, when above rated wind
speed, by allowing the blade to “spill” excess aerodynamic lift. Energy from wind gusts below rated
wind speed is captured by allowing the rotor to speed up, transforming this gust energy into kinetic
which may then be extracted from the rotor.

Three independent back-up units are provided to power each individual blade pitch system to
feather the blades and shut down the machine in the event of a grid line outage or other fault. By
having all three blades outfitted with independent pitch systems, redundancy of individual blade
aerodynamic braking capability is provided.

Hub

The hub is used to connect the three rotor blades to the turbine main shaft. The hub also houses the
three electric blade pitch systems and is mounted directly to the main shaft. Access to the inside of
the hub is provided through a hatch.

Gearbox

The gearbox in the wind turbine is designed to transmit power between the low-rpm turbine rotor
and high-rpm electric generator. The gearbox is a multi-stage planetary/helical gear design. The
gearbox is mounted to the machine bedplate. The gearing is designed to transfer torsional power
from the wind turbine rotor to the electric generator. A parking brake is mounted on the high-speed
shaft of the gearbox.

Bearings

The blade pitch bearing is designed to allow the blade to pitch about a span-wise pitch axis. The
inner race of the blade pitch bearing is outfitted with a blade drive gear that enables the blade to be
driven in pitch by an electric gear-driven motor/controller.

The main shaft bearing is a roller bearing mounted in a pillow-block housing arrangement. The
bearings used inside the gearbox are of the cylindrical, spherical and tapered roller type. These
bearings are designed to provide bearing and alignment of the internal gearing shafts and
accommodate radial and axial loads.

Brake System

The electrically actuated individual blade pitch systems act as the main braking system for the wind
turbine. Braking under normal operating conditions is accomplished by feathering the blades out of
the wind. Any single feathered rotor blade is designed to slow the rotor, and each rotor blade has its
own back-up to provide power to the electric drive in the event of a grid line loss.



The turbine is also equipped with a mechanical brake located at the output (high-speed) shaft of the
gearbox. This brake is only applied as an auxiliary brake to the main aerodynamic brake and to
prevent rotation of the machinery as required by certain service activities.

Generator

The generator is a doubly-fed induction type. The generator meets protection class requirements of
the International Standard IP 54 (totally enclosed). The generator is mounted to the bedplate and the
mounting is designed so as to reduce vibration and noise transfer to the bedplate.

Flexible Coupling

Designed to protect the drive train from excessive torque loads, a flexible coupling is provided
between the generator and gearbox output shaft this is equipped with a torque-limiting device sized
to keep the maximum allowable torque below the maximum design limit of the drive train.

Yaw System

A roller bearing attached between the nacelle and tower facilitates yaw motion. Planetary yaw drives
(with brakes that engage when the drive is disabled) mesh with the outside gear of the yaw bearing
and steer the machine to track the wind in yaw. The automatic yaw brakes engage in order to
prevent the yaw drives from seeing peak loads from any turbulent wind.

The controller activates the yaw drives to align the nacelle to the average wind direction based on
the wind vane sensor mounted on top of the nacelle.

A cable twist sensor provides a record of nacelle yaw position and cable twisting. After the sensor
detects excessive rotation in one direction, the controller automatically brings the rotor to a
complete stop, untwists the cable by counter yawing of the nacelle, and restarts the wind turbine.

Tower

The wind turbine is mounted on top of a tubular tower. The tubular tower is manufactured in sections
from steel plate. Access to the turbine is through a lockable steel door at the base of the tower.
Service platforms are provided. Access to the nacelle is provided by a ladder and a fall arresting
safety system is included. Interior lights are installed at critical points from the base of the tower to
the tower top.

Nacelle

The nacelle houses the main components of the wind turbine generator. Access from the tower into
the nacelle is through the bottom of the nacelle. The nacelle is ventilated. It is illuminated with electric
light. A hatch at the front end of the nacelle provides access to the blades and hub. The rotor can be
secured in place with a rotor lock.

Anemometer, Wind Vane and Lightning Rod
An anemometer, wind vane and lightning rod are mounted on top of the nacelle housing. Access to
these sensors is accomplished through a hatch in the nacelle roof.

Lightning Protection

The rotor blades are equipped with a lightning receptors mounted in the blade. The turbine is
grounded and shielded to protect against lightning, however, lightning is an unpredictable force of
nature, and it is possible that a lightning strike could damage various components notwithstanding
the lightning protection deployed in the machine.



Wind Turbine Control System

The wind turbine machine can be controlled automatically or manually from either an interface
located inside the nacelle or from a control box at the bottom of the tower. Control signals can also
be sent from a remote computer via a Supervisory Control and Data Acquisition System (SCADA), with
local lockout capability provided at the turbine controller.

Service switches at the tower top prevent service personnel at the bottom of the tower from
operating certain systems of the turbine while service personnel are in the nacelle. To override any
machine operation, Emergency-stop buttons located in the tower base and in the nacelle can be
activated to stop the turbine in the event of an emergency.

Power Converter

The wind turbine uses a power converter system that consists of a converter on the rotor side, a DC
intermediate circuit, and a power inverter on the grid side.

The converter system consists of a power module and the associated electrical equipment. Variable
output frequency of the converter allows operation of the generator.

Technical Data for the 1.56-100

Rotor
Diameter
Number of blades
Swept area
Rotor speed range
Rotational direction
Maximum tip speed
Orientation
Speed regulation
Aerodynamic brakes

Pitch System
Principle
Actuation

Yaw System
Yaw rate

100 m

3

7,854 mz2

9.75 to 16.18 rpm

Clockwise looking downwind
84.7 m/s

Upwind

Pitch control

Full feathering

Independent blade pitch control
Individual electric drive

0.5 degree/s

1.56-100 Calculated Octave Band Spectra — Canada Specific

Table 1 below provides simulated, A-weighted octave band spectra as a function of standardized
wind speed at 10 m height, and expressed as apparent sound power levels. The uncertainties for
octave sound power levels are generally higher than for total sound power levels. Guidance is given

in IEC 61400-11, Annex D.



1.56-100 Octave Band Spectra

Standard WS at 10m [m/s] 5 5.5 6 6.5 7 8 9 10-Cutout
Hub Height WS at 100m [m/s] 7.2 7.9 8.6 9.3 10 11.5 12.9 14-Cutout

32 71.2 74.2 76.5 78.8 80.9 81.5 81.5 81.5

63 80.9 83.9 86.2 88.4 90.5 91.2 91.2 91.2

125 85.4 88.2 90.1 92.1 94.2 94.8 94.9 94.8

250 89.1 91.6 91.9 92.5 93.9 94.2 94.2 94.2

500 90.4 93.3 94.6 95.4 95.7 94.6 94.5 94.5

Frequency [Hz]

1000 88.1 91.4 95.2 98.2 99.6 99.1 98.9 98.8

2000f 85.8 87.7 91.3 94.8 97.2 98 98.1 98.2

4000) 81.4 82.8 84.6 86.5 88.4 88.8 89.2 89.5

8000 65.9 66.5 68 69.6 71.1 71.2 70.7 70.5

16000 26.8 24.7 25.9 28.2 30.5 31.8 31.1 31.2

Lwa [dBA] 95.5 98.3 100.4 102.5 104 104 104 104

Table 1: Octave Spectra for 1.56-100 - hub height wind speeds were calculated based on equation (7) from IEC standard
61400-11:2002, using a representative roughness height of 0.05 m

1.56-100 Normal Operation Calculated Tonal Audibility —

Canada Specific

The nominal acoustic performances for 1.56-100, 60 Hz version equipped with 100 m rotor diameter
(GE 48.7 type blade) operating in normal operation (NO), specified at reference ground measuring
distance Ro measurement point #1 per both IEC 61400-11 and GE's "Machine noise performance

test" reference guidelines:
e Tonal audibility ALqx < 2 dB.

1.56-100 Testing Uncertainty and Product Variation per
IEC/TS 61400-14 Standard

Per IEC/TS 61400-14, Lwad is the maximum apparent sound power level resulting from n
measurements performed according to IEC 61400-11 standard for 95 % confidence level: Lwas= Ly,

+ K, where E is the mean apparent sound power level from n IEC 61400-11 testing reports and K =
1,645 - oT.

The testing standard deviation values oy, or and op for measured apparent sound power level are
described by IEC/TS 61400-14 where oy is the total standard deviation, op is the standard deviation
for product variation and og is the standard deviation for test reproducibility.

Assuming or < 0.8 dB and or < 0.8 dB typical values, leads to calculated K < 2 dB for 95 % confidence
level.

IEC 61400-11 and IEC/TS 61400-14 Terminology

* Lwax is wind turbine apparent sound power level (referenced to 112 W) measured with A-weighting
as function of reference wind speed viom. Derived from multiple measurement reports per IEC
61400-11, it is considered as a mean value.

* Op is the product variation i.e. the 1.56-100 unit-to-unit product variation; typically < 0.8 dB

e or is the overall measurement testing reproducibility as defined per IEC 61400-11; typically < 0.8 dB
with adequate measurement conditions and sufficient amount of data samples

e o7 is the total standard deviation combining both gr and ox



e K =1,645 - oy is defined by IEC/TS 61400-14 for 95 % confidence level

* R, is the ground measuring distance from the wind turbine tower axis per IEC 61400-11

e Alqk is the tonal audibility according to IEC 61400-11, described as potentially audible narrow band
sound
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1 Introduction

This document summarizes the acoustic emission characteristics of the 1.6-100 with Low Noise Trailing Edge
(LNTE) wind turbine for normal operation, including calculated apparent sound power levels Lwa, as well as
uncertainty levels associated with the apparent sound power levels, tonal audibility, and calculated third
octave band apparent sound power level.

All provided sound power levels are A-weighted.

GE continuously verifies specifications with measurements, including those performed by independent
institutes. If a wind turbine noise performance test is carried out, it needs to be done in accordance with the
regulations of the international standard IEC 61400-11, ed. 2.1: 2006 and Machine Noise Performance Test
document.
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2 Normal Operation Calculated Apparent Sound Power Level

The apparent sound power levels Lwax are initially calculated as a function of the hub height wind speed vi.
The corresponding wind speeds viom at 10 m height above ground level have been evaluated assuming a
logarithmic wind profile. In this case a surface roughness of zgrer = 0.05 m has been used, which is
representative of average terrain conditions.

1)

Viom =V Thub height
Zoref

The calculated apparent sound power levels Lwak and the associated octave-band spectra are given in

Table 1 and Table 2 for two different hub heights. The values are provided as mean levels as a function of viom
for Normal Operation (NO) over cut-in to cut-out wind speed range. The uncertainties for octave sound power
levels are generally higher than for total sound power levels. Guidance is given in IEC 61400-11, Annex D.

1.6-100 with LNTE - Normal Operation Octave Spectra

Standard wind speed at 10 m [m/s] 3 4 5 6 7 8 9 10-Cutout
Hub height wind speed at 80 m [m/s]| 4.2 5.6 7.0 8.4 9.7 111 12.5 |[14-Cutout

315 625 62.2 66.1 70.1 73.5 73.7 73.6 735

63 721 719 759 80.3 84.0 84.1 84.1 84.0

125 790 79.2 83.8 88.4 916 91.8 91.8 91.7

250 840 84.6 89.4 94.7 95.4 95.3 95.4 95.5

Frequency 500 855 84.9 89.7 95.5 97.1 9.6 96.7 97.0

(H2) 1000, 834 83.0 86.9 91.8 97.1 97.5 97.6 97.8

2000, 817 834 87.9 924 95.7 95.7 955 95.1

4000 749 77.7 83.5 88.9 89.7 89.1 88.4 87.9

8000 555 57.6 63.5 70.3 704 70.6 69.4 69.1

160000 79 13.2 189 24.7 27.2 26.6 27.5 29.0

Iz:i'[ggf‘“e"t sound power level 904 | 907 | 953 | 1005 | 103.0 | 103.0 | 103.0 | 103.0

Table 1: Normal Operation Calculated Apparent Sound Power Level, 1.6-100 with LNTE with 80 m hub height as a function of 10 m wind
speed (zoref = 0.05 m), the octave band spectra are for information only

* Simplified from IEC 61400-11, ed. 2.1: 2006 equation 7
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1.6-100 with LNTE - Normal Operation Octave Spectra

Standard wind speed at 10 m [m/s] 3 4 5 6 7 8 9 10-Cutout
Hub height wind speed at 96 m [m/s]| 4.3 5.7 7.1 8.6 10.0 11.4 12.8 |14-Cutout

315 624 62.4 66.6 70.6 73.7 73.7 736 735

63 721 720 76.5 80.8 84.1 84.1 84.1 84.0

125/ 790 795 844 89.0 916 918 91.8 91.7

2500 840 84.9 90.1 95.0 95.3 95.3 955 95.5

Frequency 500 854 85.0 90.3 9.0 9.8 9.6 9.8 97.0

(Hz) 1000/ 834 83.1 87.5 924 97.2 97.4 97.7 97.8

20000 8138 83.7 88.5 929 95.8 95.7 95.4 95.1

4000 751 78.2 84.2 89.3 89.7 88.8 88.4 87.9

8000 557 57.9 64.4 70.7 71.1 69.8 69.3 69.1

160000 84 13.6 195 252 273 264 2738 29.0

I:Zi'[ggfm"t sound power level 904 | 909 | 960 | 1010 | 103.0 | 103.0 | 1030 | 103.0

Table 2: Normal Operation Calculated Apparent Sound Power Level, 1.6-100 with LNTE with 96 m hub height as a function of 10 m wind
speed (zoref = 0.05 m), the octave band spectra are for information only

At 10 m wind speeds lower than 5 m/s the sound power levels decreases, and may get so low that the wind
turbine noise becomes indistinguishable from the background noise. For a conservative calculation the data at
5 m/s may be used.

For 10 m wind speeds above 10 m/s, the wind turbine has reached rated power and the blade pitch regulation
acts in a way that tends to decrease the noise levels. For a conservative calculation the data at 10 m/s may be
used.

The highest normal operation calculated apparent sound power level for the 1.6-100 with LNTE is
Lwak = 103.0 dB.
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3 Uncertainty Levels

The apparent sound power levels given above are calculated mean levels. If a wind turbine noise performance
test is carried out, it needs to be done in accordance with the regulations of the international standard

IEC 61400-11, ed. 2.1: 2006. Uncertainty levels associated with measurements are described in

IEC/TS 61400-14.

Per IEC/TS 61400-14, Lwag is the maximum apparent sound power level for 95 % confidence level resulting
from n measurements performed according to IEC 61400-11 standard: Lwad = Lwa+ K, where Lwa is the mean
apparent sound power level from IEC 61400-11 testing reports and K = 1.645 or.

The testing standard deviation values or, or and e for measured apparent sound power level are described by
IEC/TS 61400-14, where or is the total standard deviation, op is the standard deviation for product variation
and or is the standard deviation for test reproducibility.

Assuming or < 0.8 dB and e < 0.8 dB as typical values leads to a calculated K < 2 dB for 95 % confidence level.

4 Tonal Audibility

The tonal audibility (ALqk), when measured in accordance with the IEC 61400-11 standard, for the GE's 1.6-100
with LNTE is less than or equal to 2 dB.

5 |EC 61400-11 and IEC/TS 61400-14 Terminology

e Lwakis wind turbine apparent sound power level (referenced to 10-*2W) measured with A-weighting as
function of reference wind speed viom. Derived from multiple measurement reports per IEC 61400-11, it is
considered as a mean value

e 0pisthe product variation i.e. the 1.6-100 with LNTE unit-to-unit product variation; typically < 0.8 dB

e ogris the overall measurement testing reproducibility as defined per IEC 61400-11; typically < 0.8 dB with
adequate measurement conditions and sufficient amount of data samples

e oristhe total standard deviation combining both op and or
e K=1.645 oris defined per IEC/TS 61400-14 for 95 % confidence level

e R is the ground measuring distance from the wind turbine tower axis per IEC 61400-11, which shall equal
the hub height plus half the rotor diameter

e Algkis the tonal audibility according to IEC 61400-11, described as potentially audible narrow band sound

6 1/3rd Octave Band Spectra

The tables in Annex | are showing the 1/31d octave band values for different hub heights in different wind
speeds.
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GE Power & Water - Originel nstructions - Product Acoustic Specifications

Reference:

e |EC61400-1. Wind turbines - part 1: Design requirements. ed. 2. 1999
s |EC61400-11, wind turbine generator systems part 11: Acoustic noise measurement
techniques, ed. 2.1, 2006-11

e |EC/TS 61400-14, Wind turbines - part 14: Declaration of apparent sound power level and
tonality values, ed. 1, 2005-03

e MNPT - Machine Noise Performance Test, Technical documentation, GE 2011
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GE Power & Water - Original Instructions - Product Acoustic Specifications

Appendix | - Calculated 1/3rd Octave Band Apparent Sound Power Level Lwak

1.6-100 with LNTE - Normal Operation 1/3rd Octave Band Spectra

Standard wind speed at 10 m [m/s] 3 4 5 6 7 8 9 10-Cutout
Hub height wind speed at 80 m [m/s] 4.2 5.6 7.0 8.4 9.7 111 12.5 | 14-Cutout
250 522 | 521 | 558 | 597 | 630 | 632 | 631 62.9

32 566 | 564 | 602 | 642 | 675 | 677 | 67.7 67.5

40| 606 | 603 | 642 | 683 | 716 | 719 | 718 717

50 637 | 635 | 674 | 716 | 750 | 752 | 752 750

63 665 | 662 | 703 | 746 | 781 | 783 | 783 78.2

80| 69.7 | 695 | 736 | 780 | 818 | 820 | 819 818

1000 723 | 722 | 765 | 810 | 848 | 849 | 849 84.7

125 741 | 742 | 787 | 833 | 866 | 869 | 869 86.8

160 756 | 761 | 808 | 856 | 883 | 885 | 886 88.5

2000 775 | 781 | 830 | 879 | 897 | 899 | 900 90.0

250 795 | 801 | 850 | 902 | 910 | 909 | 910 91.1

315\ 803 | 80.7 | 856 | 910 | 911 | 908 | 908 91.0

400, 80.7 | 806 | 854 | 911 | 915 | 910 | 910 91.2

5000 810 | 804 | 851 | 910 | 924 | 919 | 919 922

Frequency 630 803 | 794 | 840 | 899 | 929 | 926 | 927 93.0
(Hz) 800 790 | 780 | 823 | 878 | 926 | 926 | 927 93.0
10000 784 | 779 | 817 | 864 | 923 | 927 | 928 93.0

1250 785 | 787 | 824 | 866 | 921 | 928 | 929 93.0

1600 779 | 787 | 828 | 870 | 914 | 919 | 919 916

20000 770 | 788 | 833 | 878 | 911 | 910 | 906 90.2

2500 757 | 785 | 834 | 881 | 904 | 897 | 891 88.6

3150 732 | 761 | 818 | 869 | 881 | 87.2 | 867 86.1

40000 691 | 717 | 777 | 835 | 836 | 835 | 825 82.2

5000 637 | 654 | 720 | 780 | 780 | 782 | 767 76.7

6300 553 | 573 | 633 | 700 | 701 | 702 | 69.1 68.7

8000 426 | 455 | 510 | 574 | 586 | 588 | 57.9 574

100000 27.1 | 313 | 365 | 425 | 446 | 4ss | ass 444

125000 79 | 132 | 189 | 246 | 272 | 266 | 274 29.0

16000 -190 | -132 | -61 | -03 19 18 4.0 6.3

200000 -47.8 | -425 | -341 | -269 | -259 | -246 | -218 -19.1

I;ii'[gg;mre"t sound power level 904 | 907 | 953 | 1005 | 103.0 | 1030 | 1030 | 103.0

Table 3: Calculated Apparent 1/3 Octave Band Sound Power Level (A-weighted) 1.6-100 with LNTE with 80 m hub height as Function of
Wind Speed viom
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GE Power & Water - Original Instructions - Product Acoustic Specifications

1.6-100 with LNTE - Normal Operation 1/3rd Octave Band Spectra

Standard wind speed at 10 m [m/s] 3 4 5 6 7 8 9 10-Cutout
Hub height wind speed at 96 m [m/s] 4.3 5.7 71 8.6 10.0 114 12.8 | 14-Cutout
25 521 | 522 | s64 | 602 | 632 | 632 | 631 62.9

32 566 | 565 | 607 | 647 | 67.7 | 677 | 676 67.5

40| 606 | 605 | 647 | 688 | 718 | 719 | 718 717

50 637 | 636 | 679 | 721 | 752 | 752 | 752 750

63 665 | 664 | 708 | 751 | 783 | 783 | 783 78.2

80 697 | 69.7 | 742 | 786 | 819 | 819 | 819 818

1000 723 | 724 | 770 | 815 | 849 | 849 | 849 84.7

125 740 | 745 | 793 | 838 | 867 | 869 | 869 86.8

160 756 | 764 | 814 | 861 | 883 | 885 | 886 885

2000 775 | 785 | 836 | 884 | 897 | 899 | 900 90.0

250, 795 | 804 | 856 | 906 | 909 | 909 | 911 91.1

315 803 | 810 | 86.2 | 914 | 909 | 908 | 909 91.0

400 807 | 808 | 861 | 915 | 912 | 909 | 911 91.2

5000 809 | 805 | 858 | 915 | 921 | 918 | 920 92.2

Frequency 6300 803 | 794 | 847 | 905 | 927 | 926 | 928 93.0
(Hz) 800l 789 | 781 | 829 | 885 | 925 | 925 | 928 93.0
10000 783 | 781 | 822 | 872 | 925 | 926 | 929 93.0

1250, 785 | 788 | 829 | 872 | 924 | 928 | 930 93.0

16000 779 | 789 | 833 | 875 | 916 | 919 | 919 916

20000 771 | 791 | 839 | 883 | 911 | 909 | 906 90.2

25000 759 | 788 | 840 | 886 | 903 | 896 | 890 88.6

31500 734 | 765 | 824 | 873 | 879 | 870 | 866 86.1

40000 69.2 | 722 | 784 | 838 | 837 | 832 | 825 82.2

50000 638 | 659 | 728 | 783 | 784 | 775 | 768 76.7

63000 554 | 576 | 641 | 704 | 708 | 694 | 69.0 68.7

8000 429 | 458 | 518 | 579 | 591 | 584 | 577 57.4

100000 275 | 316 | 372 | 430 | 449 | 441 | 444 44.4

125000 84 | 136 | 195 | 252 | 273 | 264 | 278 29.0

16000, -185 | -12.7 | -54 | 02 18 20 46 6.3

20000 -47.5 | -419 | -33.2 | -263 | -260 | -241 | -211 -19.1

I:Z:'[ggfme"t sound power level 90.4 | 90.9 | 960 | 101.0 | 103.0 | 103.0 | 103.0 | 103.0

Table 4: Calculated Apparent 1/3 Octave Band Sound Power Level (A-weighted), 1.6-100 with LNTE with 96 m hub height as Function
of Wind Speed viom
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S I E M E N S Contract Acoustic Emission, SWT-2.3-113, Hub Height 99.5 m
Document ID: E W EN OEN DES TLS-10-0-963-0

HST, JES / 2013.04.01

Confidential

SWT-2.3-113, Rev. 1, Max. Power 1824 kW
Contract Acoustic Emission, Hub Height 99.5 m

Ontario - Canada

Sound Power Levels

The warranted sound power level is 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 0.05 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.

Up to
Wind speed [m/s] 4 5 6 7 8 9 10 11 12 cut-
out
Max. Power 1824kW 96.0 | 99.4 [ 100.0 | 100.0 | 100.0 [ 100.0 | 100.0 | 100.0 | 100.0 { 100.0

Table 1: Acoustic emission, Ly, [dB(A) re 1 pW]

Typical Sound Power Frequency Distribution
Typical spectra for Ly, in dB(A) re 1pW for the corresponding centre frequencies are tabulated below for 6 - 10
m/s referenced to a height of 10.0 m above ground level.

Wind Speed (m/s)
Octave band, centre frequency [HZz] 6 ! 8 o 10

63 83.9 83.3 82.7 82.8 82.5
125 89.4 | 88.2 87.3 86.8 85.9
250 94.0 93.1 92.8 92.2 91.4
500 92.1 92.4 92.9 92.7 92.4
1000 94.1 94.5 94.1 94.0 94.3
2000 92.9 93.2 93.3 93.5 94.0
4000 83.5 86.2 88.2 90.1 90.3
8000 66.7 69.9 72.1 72.1 72.0

Table 2: Typical octave bands for 6-10 m/s, L, [dB(A) re 1 pW]

Tonality
Typical tonal audibility for the Siemens wind turbine generators has not exceeded 2 dB as determined in
accordance with IEC 61400-11:2002.

Measurement Uncertainty
A measurement uncertainty range of -1.5dB(A) to +1.5dB(A) is applicable.

Siemens Wind Power A/S SWT-2.3-113 99.5 m Acoustic Emission std ver
© All Rights Reserved 2013 T20110701



S I E M E N S Contract Acoustic Emission, SWT-2.3-113, Hub Height 99.5 m
Document ID: E W EN OEN DES TLS-10-0-962-0

HST, JES / 2013.04.01

Confidential

SWT-2.3-113, Rev. 1, Max. Power 1903 kW
Contract Acoustic Emission, Hub Height 99.5 m

Ontario - Canada

Sound Power Levels

The warranted sound power level is 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 0.05 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.

Up to
Wind speed [m/s] 4 5 6 7 8 9 10 11 12 cut-
out
Max. Power 1903kW 96.2 | 1004 ( 101.0 | 101.0 | 101.0 [ 101.0 | 101.0 | 101.0 | 101.0 { 101.0

Table 1: Acoustic emission, Ly, [dB(A) re 1 pW]

Typical Sound Power Frequency Distribution
Typical spectra for Ly, in dB(A) re 1pW for the corresponding centre frequencies are tabulated below for 6 - 10
m/s referenced to a height of 10.0 m above ground level.

Wind Speed (m/s)
Octave band, centre frequency [HZz] 6 ! 8 o 10

63 84.1 83.5 82.9 83.0 82.7
125 89.8 88.6 87.7 87.2 86.3
250 95.2 94.4 94.0 93.4 92.6
500 93.6 93.9 94.2 94.0 93.7
1000 95.0 95.4 95.1 95.0 95.3
2000 93.6 94.0 94.3 94.5 95.0
4000 83.6 86.7 88.8 90.7 90.8
8000 66.7 70.3 72.6 72.6 72.5

Table 2: Typical octave bands for 6-10 m/s, L, [dB(A) re 1 pW]

Tonality
Typical tonal audibility for the Siemens wind turbine generators has not exceeded 2 dB as determined in
accordance with IEC 61400-11:2002.

Measurement Uncertainty
A measurement uncertainty range of -1.5dB(A) to +1.5dB(A) is applicable.

Siemens Wind Power A/S SWT-2.3-113 99.5 m Acoustic Emission std ver
© All Rights Reserved 2013 T20110701



S I E M E N S Contract Acoustic Emission, SWT-2.3-113, Hub Height 99.5 m
Document ID: E W EN OEN DES TLS-10-0-961-0

HST, JES / 2013.04.01

Confidential

SWT-2.3-113, Rev. 1, Max. Power 2030 kW
Contract Acoustic Emission, Hub Height 99.5 m

Ontario - Canada

Sound Power Levels

The warranted sound power level is 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 0.05 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.

Up to
Wind speed [m/s] 4 5 6 7 8 9 10 11 12 cut-
out
Max. Power 2030kW 96.4 | 101.3 [ 102.0 | 102.0 | 102.0 [ 102.0 | 102.0 | 102.0 | 102.0 { 102.0

Table 1: Acoustic emission, Ly, [dB(A) re 1 pW]

Typical Sound Power Frequency Distribution
Typical spectra for Ly, in dB(A) re 1pW for the corresponding centre frequencies are tabulated below for 6 - 10
m/s referenced to a height of 10.0 m above ground level.

Wind Speed (m/s)
Octave band, centre frequency [HZz] 6 ! 8 o 10

63 84.3 83.6 83.1 83.2 82.9
125 90.2 89.0 88.1 87.6 86.7
250 96.4 95.5 95.1 94.5 93.8
500 95.2 95.5 95.5 95.3 95.1
1000 96.0 96.3 96.1 96.0 96.3
2000 94.4 94.7 95.2 95.4 95.9
4000 83.8 87.0 89.3 91.2 91.4
8000 66.9 70.7 73.1 73.1 73.0

Table 2: Typical octave bands for 6-10 m/s, L, [dB(A) re 1 pW]

Tonality
Typical tonal audibility for the Siemens wind turbine generators has not exceeded 2 dB as determined in
accordance with IEC 61400-11:2002.

Measurement Uncertainty
A measurement uncertainty range of -1.5dB(A) to +1.5dB(A) is applicable.

Siemens Wind Power A/S SWT-2.3-113 99.5 m Acoustic Emission std ver
© All Rights Reserved 2013 T20110701



S I E M E N S Contract Acoustic Emission, SWT-2.3-113, Hub Height 99.5 m
Document ID: E W EN OEN DES TLS-10-0-960-0

HST, JES / 2013.04.01

Confidential

SWT-2.3-113, Rev. 1, Max. Power 2126 kW
Contract Acoustic Emission, Hub Height 99.5 m

Ontario - Canada

Sound Power Levels

The warranted sound power level is 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 0.05 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.

Up to
Wind speed [m/s] 4 5 6 7 8 9 10 11 12 cut-
out
Max. Power 2126kW 96.5 | 102.3 [ 103.0 | 103.0 | 103.0 [ 103.0 | 103.0 | 103.0 | 103.0 { 103.0

Table 1: Acoustic emission, Ly, [dB(A) re 1 pW]

Typical Sound Power Frequency Distribution
Typical spectra for Ly, in dB(A) re 1pW for the corresponding centre frequencies are tabulated below for 6 - 10
m/s referenced to a height of 10.0 m above ground level.

Wind Speed (m/s)
Octave band, centre frequency [HZz] 6 ! 8 o 10

63 84.6 83.9 83.3 83.4 83.2
125 90.6 89.3 88.5 88.0 87.2
250 97.0 96.3 96.3 95.7 95.0
500 96.7 96.9 97.0 96.9 96.6
1000 97.4 97.7 97.0 97.0 97.3
2000 95.0 95.2 96.0 96.2 96.8
4000 84.0 87.0 89.3 91.2 91.4
8000 66.3 70.4 73.0 73.1 73.0

Table 2: Typical octave bands for 6-10 m/s, L, [dB(A) re 1 pW]

Tonality
Typical tonal audibility for the Siemens wind turbine generators has not exceeded 2 dB as determined in
accordance with IEC 61400-11:2002.

Measurement Uncertainty
A measurement uncertainty range of -1.5dB(A) to +1.5dB(A) is applicable.

Siemens Wind Power A/S SWT-2.3-113 99.5 m Acoustic Emission std ver
© All Rights Reserved 2013 T20110701



S I E M E N S Contract Acoustic Emission, SWT-2.3-113, Hub Height 99.5 m
Document ID: E W EN OEN DES TLS-10-0-959-0

HST, JES / 2013.04.01

Confidential

SWT-2.3-113, Rev. 1, Max. Power 2221 kW
Contract Acoustic Emission, Hub Height 99.5 m

Ontario - Canada

Sound Power Levels

The warranted sound power level is 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 0.05 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.

Up to
Wind speed [m/s] 4 5 6 7 8 9 10 11 12 cut-
out
Max. Power 2221kW 96.6 | 102.6 [ 104.0 | 104.0 | 104.0 [ 104.0 | 104.0 | 104.0 | 104.0 [ 104.0

Table 1: Acoustic emission, Ly, [dB(A) re 1 pW]

Typical Sound Power Frequency Distribution
Typical spectra for Ly, in dB(A) re 1pW for the corresponding centre frequencies are tabulated below for 6 - 10
m/s referenced to a height of 10.0 m above ground level.

Wind Speed (m/s)
Octave band, centre frequency [HZz] 6 ! 8 o 10

63 84.8 83.6 83.5 83.7 83.4
125 90.9 91.3 88.8 88.3 87.5
250 97.6 97.7 97.2 96.7 95.9
500 98.2 98.0 97.8 97.7 97.4
1000 98.8 98.7 98.0 98.0 98.3
2000 95.6 95.4 97.1 97.4 97.9
4000 84.1 87.8 90.8 92.7 92.9
8000 65.6 71.2 74.5 74.6 74.5

Table 2: Typical octave bands for 6-10 m/s, L, [dB(A) re 1 pW]

Tonality
Typical tonal audibility for the Siemens wind turbine generators has not exceeded 2 dB as determined in
accordance with IEC 61400-11:2002.

Measurement Uncertainty
A measurement uncertainty range of -1.5dB(A) to +1.5dB(A) is applicable.

Siemens Wind Power A/S SWT-2.3-113 99.5 m Acoustic Emission std ver
© All Rights Reserved 2013 T20110701



S I E M E N S Contract Acoustic Emission, SWT-2.3-113, Hub Height 99.5 m
Document ID: E W EN OEN DES TLS-10-0-958-0

HST, JES / 2013.04.01

Confidential

SWT-2.3-113, Rev. 1, Max. Power 2300 kW
Contract Acoustic Emission, Hub Height 99.5 m

Ontario - Canada

Sound Power Levels

The warranted sound power level is 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 0.05 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.

Up to
Wind speed [m/s] 4 5 6 7 8 9 10 11 12 cut-
out
Max. Power 2300kW 96.6 | 102.6 [ 104.4 | 105.0 | 105.0 [ 105.0 | 105.0 | 105.0 | 105.0 [ 105.0

Table 1: Acoustic emission, Ly, [dB(A) re 1 pW]

Typical Sound Power Frequency Distribution
Typical spectra for Ly, in dB(A) re 1pW for the corresponding centre frequencies are tabulated below for 6 - 10
m/s referenced to a height of 10.0 m above ground level.

Wind Speed (m/s)
Octave band, centre frequency [HZz] 6 ! 8 o 10

63 85.0 84.6 83.7 83.9 83.6
125 91.3 92.4 89.2 88.7 87.9
250 96.8 97.6 98.4 97.8 97.1
500 98.9 99.4 99.3 99.2 98.9
1000 99.7 | 100.3 [ 98.9 98.9 99.2
2000 95.3 95.9 97.9 98.2 98.7
4000 84.9 86.1 90.8 92.7 93.0
8000 67.4 68.1 74.4 74.5 74.4

Table 2: Typical octave bands for 6-10 m/s, L, [dB(A) re 1 pW]

Tonality
Typical tonal audibility for the Siemens wind turbine generators has not exceeded 2 dB as determined in
accordance with IEC 61400-11:2002.

Measurement Uncertainty
A measurement uncertainty range of -1.5dB(A) to +1.5dB(A) is applicable.

Siemens Wind Power A/S SWT-2.3-113 99.5 m Acoustic Emission std ver
© All Rights Reserved 2013 T20110701



Extract of test report WICO 439SEC04/07 regarding noise emission of wind turbine (WT)

type ENERCON E-48 (Mode ), hub helght 75.6m

Manufacturer ENERCON GmbH Rated power (generator): 800 kW

Dreekamp 5 Rotor diameter: 48,0 m

D-26605 AURICH Hub height above ground: 756m
Serial number: 48087 Hon. Stahlrohr Tubular steel {fower
WT-locatlon: WP Holtriem RW 25.95.228 Pich pitch/stall/active-stali

HW 59.42.988

Cohiplenientations of rotor (ma'hdfa'diui'er) Rt Cb'mbie'ﬁiént'a'tions of geér':an'd generator (manufaciurer} o
Manufacturer of rotor blades ENERCOMN GmbH Manufacturer of gear:; No
Type of blades: E481 Type of gear: No
Pitch angle: variabel Manufacturer of generator: ENERCON GmbH
Number of blades 3 Type of generator: E-48

Rated speed(s)¥speed range:

16 — 28,5 rpm (Mode 1)

Rated speed(s):

16 — 29,5 rpm {(Mode I}

Report power curve: calculated power curve, date; 31,08,2004

Reference Noise emission Remarks
parameter
Standardized
wind speed at 10 m Electric
above ground power
5ms’ 182 kW 94.0* dB(A} {1}
6ms’ 315 kW 97.8 dB{A}
Sound power level 7ms’ 499 kw 100.3 dB{A)
Lua sms’ 871 kw 1014 dB(A)
8.9 ms’ 760 kW 101.9 dB{A) 2)
9ms” 765 KW 102.0 dB(A)
9.6 ms” 794 KW 102.1 dB{A) (3
10 ms™ 800 kW 101.9 dB(A) (4)
5ms’ 182 kW No tone 1}
6ms” 315 KW No tone
Tonal compenents AL, 7ms’ 499 kW No tone
(near proximity) ams? 671 kW No tone
8.9ms! 760 kW No tone (2
9 ms” 765 KW No tone
9.6 ms” 794 kW No tane (3
10 ms™ 800 KW No tone {4)
One third octave sound power level at reference point vy = 5 m/s [dB(A])]
Frequentcy 50 63 80 100 125 160 200 250 315 400 500 630
Lawa 676 | 712 | 729 | 745 | 780 | 770 | 793 | B4.2 | 856 | 846 84.2 84.4
La 75.8 81.5 88.5 89.2
Frequency BOG 1000 | 1250 | 1600 | 200C | 2500 | 3150 | 4000 | 5000 | 6300 8000 10000
Lwa 82.6 82.0 814 79.2 785 76.6 75.2 74.8 73.1 724 70.9 67.4
Lyva 86.8 83.0 79.2 75.5
One third octave sound power level at reference point vy = 6 m/s [dB{A)]
Freguency 50 63 a0 100 125 160 200 250 315 400 500 630
Lwa 71.7 74.2 76.8 776 78.8 79.7 80.6 86.1 87.8 87.4 874 89.0
Lwa 79.5 83.8 80.5 92.8
Frequency 800 000 | 1250 | 1600 | 2000 | 2500 | 3150 | 4000 | 5000 | 6300 8000 | 10000
Liwa 883 | BB1 | 869 | 840 | 824 | 80O | V94 | 790 | 781 | 773 74.9 729
Eawa, 926 ar.A4 83.6 80.2
Deutschar

CAkkradilierungs
: Rat

DAP-PL-2766.00

According to DIN EN IS0 17025 by the DAP German Accreditation Syslem for Tesling Lid. accredited testing laboratory.
The acereditation Is valid for test methods lisled in the document.




Extract 1 Page 2 of 2

One third octave sound power level at reference point vyo = 7 mifs [dB{A)}
Frequency 50 63 80 100 125 160 200 250 315 400 500 630
Lwa 72.7 76.1 783 80.5 80.9 | 829 [ 843 89.2 912 | 90.7 80.5 91.5
Lwa 81.6 86.3 93.8 95.7
Frequency 800 1000 | 1250 { 1600 | 2000 | 2500 | 3150 | 4000 | 5000 | 6300 | 80CO 10000
Eawa 90.2 88.7 87.9 | 8505 84.1 82.6 81.7 816 | 807 | 80.2 79.2 76.3
La 94,1 9.0 86.1 83.6

One third octave sound power level at reference point vy = 8 mis [dB(A)}
Frequency 50 63 80 100 125 160 200 250 315 400 500 630
Ly 70.1 743 | 773 78.0 | 817 | 823 | 844 90.5 927 | 920 91.9 92.9
Liwa 79.6 86.0 95.1 97.1
Frequency 800 1600 | 1250 | 1600 | 2000 | 2500 | 3150 { 4000 | 5000 | 6300 | 8600 16000
Lwa 91.7 90.9 | 894 86.0 | 838 [ 8241 80.9 81.6 | 8086 | 797 79.2 77.3
Lwa 95.5 8g.1 85.8 53.6

One third octave sound power level at reference paint vy =9 mis [dB{A)}
Frequency 50 63 80 100 125 160 200 250 315 400 500 630
Lwa 71.8 746 | 771 794 | 826 | 842 | 866 91.5 935 [ 926 92.3 93.1
L 79.8 87.3 96.1 97r.5
Frequency 800 1000 | 1250 | 1660 | 2000 | 2500 | 3150 { 4000 | 5000 | 6300 | 8000 10006
Lwa 914 905 | 887 | 86.2 85.0 | 843 | 839 844 | 839 83.7 §2.5 80.1
Lya 95.1 90.0 £88.8 87.1

One third octave sound power level at reference point vy, = 9.6 mis [dB(A}]

Frequency 50 63 80 100 125 160 200 250 315 400 500 630
Lua 69.9 73.9 | 758 774 | 80.2 | 80.7 | 834 88.3 91.0 | 908 91.5 93.4
Lwa 78.6 84.4 93.3 96.8
Fraquency 800 1000 | 1250 | 1600 { 2000 | 2500 | 3150 { 4000 | 5000 | 6300 | 800D 10000
La 93.2 93.6 | 926 | 899 874 | 850 | 832 83.3 82.0 | 81.1 79.9 77.8
Lyya, 97.9 92.7 87.6 84.6

(1)  Because of the signal to noise ratio laying in between 3 dB to ¢ dB the sound pressure level was corrected
with 1.3 dB.

(2)  Sound power level at 95% of the rated power.

(3)  Wind speed at the maximum sound pressure level minute measured.

(4)  One value was measured in the wind bin of 10 ms™.

This extract of test report is valid only in connection with the enclosed ,Manufaciurer's certificate” from 2004-08-31.

This declaration does nof replace above-mentioned report.

measured by: WIND-consult GmbH

Reuterstralie 9
D-18211 Bargeshagen

- pdf - document was signed electronically - %

date:  2006-01-24 Dipl.-Ing. A. Petersen Dipl.-Ing. W. Wilke

g Pautscher
< Akltusdllierunga
B Ra

DAP-PL-2756.00

According to DIN EN 1SO 17025 by the DAP German Accreditation System for Testing Lid. accredited testing laboratory.

The accreditation is valid for test metheds listed in the decument.
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Appendix C

Noise Contour Maps

Noise contours calculated at 4.5 metres above grade

13ra_2013-11-22 - Goshen Noise - APP D_60301207.Docx
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