A national laboratory of the U.S. Department of Energy

//p s\’ hl ? Office of Energy Efficiency & Renewable Energy

\\;_ National Renewable Energy Laboratory

Wind Turbine Generator System Techmictl ebed
Power Performance Test Report December 2009

for the Gaia-Wind 11-kW Wind

Turbine Emug|

nﬁ‘ [r

IIIL

A. Huskey, A. Bowen, and D. Jager I..

erated for DOE by the Alliance for Sustainable Energy, LLC Contract No. DE-AC36-08-G028308

i

_|| ||l| Ll IIIIIIIIIIl lw m m ‘Mm!g

IIlIllI|||||||||||n||||m'

7

il “m a




P

3 Ne= @B
|\ }’hl?=- [ACCREDITED

Su?

v Certificate No. 1239-01

Wind Turbine Generator System
Power Performance Test Report
for the
Gaia-Wind 11-kW Wind Turbine

Conducted for
National Renewable Energy Laboratory
1617 Cole Blvd.
Golden, CO 80401
Conducted by
National Wind Technology Center
National Renewable Energy Laboratory
1617 Cole Blvd.
Golden, CO 80401

Arlinda Huskey, Amy Bowen, and Dave Jager

June 11, 2009



Notice

This report was prepared by the National Renewable Energy Laboratory (NREL), operated for
the United States Department of Energy (DOE) by the Alliance for Sustainable Energy, LLC
(Alliance), as an account of work sponsored by the United States government. The test results
documented in this report define the characteristics of the test article as configured and under
the conditions tested.

THIS REPORT IS PROVIDED "AS IS" AND NEITHER THE GOVERNMENT, ALLIANCE, NREL
NOR ANY OF THEIR EMPLOYEES, MAKES ANY WARRANTY, EXPRESS OR IMPLIED,
INCLUDING THE WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE, OR ASSUMES ANY LEGAL LIABILITY OR RESPONSIBILITY FOR THE
ACCURACY, COMPLETENESS, OR USEFULNESS OF ANY SUCH INFORMATION DISCLOSED
IN THE REPORT, OR OF ANY APPARATUS, PRODUCT, OR PROCESS DISCLOSED, OR
REPRESENTS THAT ITS USE WOULD NOT INFRINGE PRIVATELY OWNED RIGHTS.

Neither Alliance nor the U. S. Government shall be liable for special, consequential or incidental
damages. Reference herein to any specific commercial product, process, or service by trade
name, trademark, manufacturer, or otherwise does not necessarily constitute or imply its
endorsement, recommendation, or favoring by the United States government or any agency
thereof. The views and opinions of the authors expressed herein do not necessarily state or
reflect those of the United States government or any agency thereof or Alliance.

NREL is a DOE Laboratory, and as an adjunct of the United States government, cannot certify
wind turbines. The information in this report is limited to NREL’s knowledge and understanding
as of this date.

NREL is accredited by the American Association for Laboratory Accreditation (A2LA) and the
results shown in this test report have been determined in accordance with the NREL’s terms of
accreditation unless stated otherwise in the report.

This report shall not be reproduced, except in full, without the written approval of Alliance or
successor operator of NREL.
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Arlinda Huskey, NREL Test Engineer Date
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1. Background

This test is being conducted as part of the U.S. Department of Energy’s (DOE) Independent
Testing project. This project was established to help reduce the barriers of wind energy
expansion by providing independent testing results for small turbines. In total, four turbines are
being tested at the National Wind Technology Center (NWTC) as a part of this project. Power
performance testing is one of up to 5 tests that may be performed on the turbines, including
duration, safety and function, noise, and power quality tests.

2. Test Summary

Figure 1 is a summary of the results of a power performance test that the National Renewable
Energy Laboratory (NREL) conducted on the Gaia-Wind 11-kW small wind turbine (shown in
Figure 2). In this test, the Gaia-Wind 11-kW turbine was installed at the NWTC near Boulder,
Colorado. This test was conducted in accordance with the International Electrotechnical
Commission (IEC) standard, Wind Turbine Generator Systems Part 12: Power Performance
Measurements of Electricity Producing Wind Turbines, IEC 61400-12-1 Ed.1.0, 2005-12.
Because the Gaia-Wind 11-kW is a small turbine according to the IEC definition, NREL also
followed Annex H, which applies to small wind turbines. This test report refers to these
procedures as the “Standard.”

In these summary results, power is normalized to sea-level air density. This test began on June
9, 2008, and ended on October 27, 2008. In all, NREL collected 1070.03 hours of valid data
during that period. The highest bin filled was the 20.0 m/s bin. The amount of test data is
sufficient to meet the requirements of the Standard.
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Figure 2. Gaia-Wind 11-kW test turbine at the NWTC



3. Test Turbine Configuration

Table 1 lists the configuration of the Gaia-Wind 11-kW that was tested at the NWTC.

Table 1. Test turbine configuration

Turbine make, model, serial number, production
year

Gaia-Wind 11-kW, 10711114, 2007

Rotor diameter (m) 13

Hub height (m) 18.2

Tower type Tubular

Rated electrical power (kW) 11

Rated wind speed (m/s) 9.5

Rotor speed range (rpm) 5662

Fixed or variable pitch Fixed blade, variable tip
Number of blades 2

Blade tip pitch angle (deg) 90

Blade make, type, serial number

Gaia-Wind T202, glass fiber, centrifugally
activated tip brake, 2007/22

Control system (device and software version)

Gaia-Wind IC-1000, Rev.1:P00515\031020

Measurements verified the rotor diameter. The tip pitch changed when deployed.




4. Test Site Description

The test turbine is located at site 3.3B at the NWTC, which is 8 miles south of Boulder,
Colorado. The terrain consists of mostly flat terrain with short vegetation (see Appendix A for
photos of the test site). The site has prevailing winds bearing 292 degrees relative to true north.
For measurements for which it is important to accurately measure wind speed, NREL uses data
obtained when the wind direction is between 257 and 332, and between 147 and 197 degrees
true. In this measurement sector, the influence of terrain and obstructions on the anemometer is
small. Figure 3 shows the turbine and meteorological tower locations as well as nearby
obstructions and topographical features of the site. Table 2 gives sizes and distances of nearby
obstructions.
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Figure 3. Map of the test site



Table 2. Structures close to test turbine

Bearing Rotor
from Distance from Diameter or
Test Test Turbine Obstruction Obstruction
Designation Turbine (m) Height Width
(degrees T) (m) (m)
Met B 290 107.5 18.2 04
Data shed 292 207.5 3.1 7.0
ARE 2 157.6 31.0 7.3
Met A 344 184.9 31.0 0.4
Mariah 227 168.9 6.1 1.2
Met C 236 184.5 4.6 04

NREL completed a site assessment to determine if the site fails the requirements of Annex A of
the Standard and would therefore require a site calibration. Table 3 shows the results from the
site assessment, which confirm that a site calibration was not required.

Table 3. Criteria for test site without site calibration

Description Distance Sector Test Site Pass/Fail
(deg) Condition

Maximum slope of best fit plane <3% <2L 360 2.9% Pass
Maximum variation from best fit plane <2L 360 0.01 Pass
<0.08 D

Maximum slope of best fit plane <5% 2-4L In 1.2% Pass
Maximum variation from best fit plane 2-4 L In 0.02 Pass
<0.15D

Steepest slope maximum <10% 2-4 L Out 2.3% Pass
Maximum slope of best fit plane <10% 4-8 L In 1.2% Pass
Maximum variation from best fit plane 4-8 L In 0.02 Pass
<0.15D

No neighboring and operating turbines <2 D, 360 0 Pass
No obstacles <2 D, 360 0 Pass

D = test turbine rotor diameter

L = distance between test turbine and meteorological tower
D. = equivalent diameter of obstacle

In = inside preliminary measurement sector

Out = outside preliminary measurement sector

The Gaia-Wind 11-kW was connected to the electrical grid at a nominal voltage of 480 VAC at a
frequency of 60 Hz. The grid tolerances are 5% for voltage amplitude and 1% for frequency.



5. Description of Test Equipment

All test equipment was calibrated; Appendix B contains the calibration sheets. Table 4 shows
the equipment used and calibration due dates. Figure 4 depicts the placement of the
meteorological instruments on the tower. The primary anemometer was sent out for
recalibration after the test period. The difference between the pre-test and post-test calibrations
was within the tolerances allowed by the Standard.

Table 4. Equipment used in the power performance test

Instrument Make and Model Serial Number Calibration Due Date
Power transducer Ohio Semitronics, DMT 1040E 06091046 February 15, 2010
Current transformers Ohio Semitronics, 12974 001293045 Calibrated with power

001235428 transducer
001293049
Primary anemometer Thies, First Class 0707890 April 7, 2009
Reference anemometer | NRG, Max 40 179500049023 In situ
Wind vane Met One, 020C with Aluminum X4357 April 7, 2009
Vane
Pressure sensor Vaisala, PTB101B C1040014 October 29, 2008
(replaced during test) T5030003 August, 26 2009
Temperature sensor Met One, T200 0890084 October 29, 2008
(replaced during test) 0789021 October 10, 2009
Precipitation sensor Campbell Scientific, 237 None In situ
Data acquisition Compact DAQ w/LabView
system
cDAQ backplane 12E4DA3
NI 9229 12CBC7A August 14, 2008
NI 9217 12BFEE2 July 20, 2008
NI 9205 12E9C99 October 8, 2008

Modules post-test
calibrated on May 5,
2009, were in
compliance
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Figure 4. Meteorological tower and instruments
To ensure that only data obtained during normal operation of the turbine are used in the
analysis, and to ensure that data are not corrupted, NREL excluded data sets from the database
under the following circumstances:

o External conditions other than wind speed are out of the normal range for turbine

operation.
e The turbine cannot operate because of a turbine fault condition.
e The turbine is manually shut down or in a test or maintenance operating mode.

Two methods are used to track when any of these conditions occur during the test. In the first
method, the logbook will be checked for such events. The turbine controller provides two status
signals that indicate when the turbine is available or braked. In the second method, these status

signals are checked in the data file during analysis.
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6. Description of Test Procedure

NREL conducted the test according to the procedures in the Standard. The sampling rate was
10 kHz, decimated to 40 Hz. The averaging time was 1 minute for the mean values. NREL also
collected standard deviation, minimum, and maximum values for each averaging period.

The turbine status signals for the Gaia-Wind 11-kW originate from the turbine controller. The
status signals indicated whether the turbine was available or braked.

Only database A is reported because the turbine did not reach cut-out wind speeds during the
test period.

Table 5 gives the uncertainty sources and values used in the analysis.

Table 5. Uncertainty values used in the analysis

Component Uncertainty Source

Power

Current sensor/signal conditioner 15.36 W Specifications

Power transducer 0.09% Specifications

Data acquisition 56W +0.08% Specifications

Resistor 0.01% Specifications
Wind Speed

Calibration 0.01 m/s Calibration sheet

Operational characteristics 0.05 m/s +0.52% IEC equation (1.2)

Mounting effects 1.00% Assumption

Terrain effects 2.00% IEC

Data acquisition <0.01 m/s Assumption
Temperature

Temperature sensor 0.15°C Specifications

Radiation shielding 1.15°C Assumption

Mounting effects 0.06 °C IEC method

Data acquisition 0.35°C Specifications
Air Pressure

Pressure sensor 0.20 kPa Specifications

Mounting effects <0.01 kPa IEC method

Data acquisition 0.06 kPa Specifications




7. Test Results

7.1.Tabular Results of Power Performance Test
Table 6 through Table 9 list the power performance test results. Table 6 shows the binned
power performance results at sea-level normalized air density. Table 7 shows the binned power
performance results at the site average air density for the NWTC.
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Table 6. Performance at sea-level air density, 1.225 kg/m®

Measured Power Curve (Database A)

Reference Air Density: 1.225 kg/m® Category A | Category B | Combined
Bin Wind Normalized C, Number | Standard Standard Standard

(m/s) Speed Power of Uncertainty | Uncertainty | Uncertainty

(ml/s) Output 1-Minute (kW) (kW) (kW)

(kW) Data
Sets

3 3.00 -0.10 —0.05 7347 0.00 0.06 0.06
3.5 3.49 -0.11 —-0.03 6270 0.00 0.06 0.06
4 3.99 0.31 0.06 5193 0.01 0.11 0.11
4.5 4.49 1.15 0.16 3951 0.01 0.20 0.20
5 4.99 2.28 0.23 3021 0.02 0.29 0.29
5.5 5.49 3.67 0.27 2381 0.03 0.38 0.38
6 5.99 5.00 0.29 2017 0.03 0.40 0.40
6.5 6.49 6.27 0.28 1706 0.03 0.41 0.41
7 7.00 7.57 0.27 1455 0.03 0.44 0.44
7.5 7.49 8.70 0.25 1358 0.03 0.42 0.42
8 7.99 9.80 0.24 1142 0.03 0.43 0.43
8.5 8.49 10.77 0.22 970 0.03 0.41 0.41
9 9.00 11.67 0.20 873 0.03 0.39 0.39
9.5 9.50 12.36 0.18 713 0.04 0.32 0.32
10 10.00 13.12 0.16 604 0.04 0.37 0.37
10.5 10.49 13.69 0.15 520 0.03 0.30 0.30
11 11.00 14.15 0.13 417 0.04 0.25 0.25
11.5 11.49 14.59 0.12 336 0.04 0.26 0.26
12 12.00 14.80 0.11 317 0.04 0.15 0.15
12.5 12.49 14.90 0.09 280 0.06 0.11 0.13
13 13.00 15.00 0.08 225 0.05 0.11 0.12
13.5 13.49 14.93 0.08 187 0.06 0.10 0.12
14 13.99 14.80 0.07 180 0.07 0.13 0.15
14.5 14.48 14.60 0.06 146 0.08 0.16 0.18
15 15.00 14.40 0.05 117 0.10 0.17 0.19
15.5 15.48 14.49 0.05 100 0.10 0.11 0.15
16 16.03 14.42 0.04 87 0.09 0.10 0.14
16.5 16.50 14.15 0.04 70 0.13 0.24 0.27
17 16.99 14.24 0.04 66 0.10 0.12 0.16
17.5 17.50 14.13 0.03 59 0.10 0.13 0.16
18 17.99 14.08 0.03 53 0.10 0.10 0.14
18.5 18.48 13.91 0.03 31 0.07 0.17 0.18
19 18.99 14.00 0.03 25 0.08 0.12 0.14
19.5 19.45 14.11 0.02 13 0.11 0.14 0.18
20 19.92 13.74 0.02 10 0.10 0.38 0.39
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Table 7. Performance at site average density, 0.95 kg/m*

Measured Power Curve (Database A)

Reference Air Density: 0.95 kg/m® Category A | Category B Combined
Bin Wind Normalized C Number | Standard Standard Standard

(m/s) | Speed Power of Uncertainty | Uncertainty | Uncertainty

(m/s) Output 1-Minute (kW) (kW) (kW)

(kW) Data
Sets

3 3.00 —0.08 —0.04 7347 0.00 0.06 0.06
3.5 3.49 —-0.08 —-0.03 6270 0.00 0.06 0.06
4 3.99 0.24 0.06 5193 0.01 0.09 0.09
4.5 4.49 0.89 0.16 3951 0.01 0.16 0.16
5 4.99 1.77 0.23 3021 0.02 0.23 0.23
5.5 5.49 2.84 0.27 2381 0.02 0.30 0.30
6 5.99 3.88 0.29 2017 0.02 0.31 0.31
6.5 6.49 4.86 0.28 1706 0.03 0.32 0.32
7 7.00 5.87 0.27 1455 0.03 0.34 0.34
7.5 7.49 6.75 0.25 1358 0.02 0.33 0.33
8 7.99 7.60 0.24 1142 0.02 0.33 0.33
8.5 8.49 8.35 0.22 970 0.02 0.32 0.32
9 9.00 9.05 0.20 873 0.03 0.30 0.30
9.5 9.50 9.59 0.18 713 0.03 0.25 0.25
10 10.00 10.17 0.16 604 0.03 0.29 0.29
10.5 10.49 10.62 0.15 520 0.03 0.24 0.24
11 11.00 10.98 0.13 417 0.03 0.20 0.20
11.5 11.49 11.32 0.12 336 0.03 0.20 0.21
12 12.00 11.48 0.11 317 0.03 0.12 0.12
12.5 12.49 11.56 0.09 280 0.05 0.09 0.11
13 13.00 11.63 0.08 225 0.04 0.09 0.10
13.5 13.49 11.58 0.07 187 0.05 0.09 0.10
14 13.99 11.48 0.07 180 0.05 0.11 0.12
14.5 14.48 11.33 0.06 146 0.06 0.13 0.15
15 15.00 11.17 0.05 117 0.08 0.13 0.15
15.5 15.48 11.23 0.05 100 0.08 0.10 0.12
16 16.03 11.18 0.04 87 0.07 0.09 0.11
16.5 16.50 10.97 0.04 70 0.10 0.19 0.21
17 16.99 11.04 0.04 66 0.08 0.10 0.13
17.5 17.50 10.96 0.03 59 0.08 0.10 0.13
18 17.99 10.92 0.03 53 0.08 0.09 0.12
18.5 18.48 10.79 0.03 31 0.05 0.14 0.14
19 18.99 10.86 0.03 25 0.06 0.10 0.12
19.5 19.45 10.94 0.02 13 0.09 0.12 0.15
20 19.92 10.65 0.02 10 0.08 0.30 0.31
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Table 8 shows the annual energy production at sea-level normalized air density. Table 9 shows
the annual energy production (AEP) at the site average air density at the NWTC.

Table 8. Annual energy production at sea-level density, 1.225 kg/m?®

Estimated annual energy production, database A (all valid data)

Reference air
density: 1.225 kg/m”3
Cut-out wind
speed: 25.00 m/s

A et s an e Standard Uncertainty mg:sﬂfézt?s'if\gst
average wind AEP-measured . AEP-extrapolated 0
- in AEP-measured 95% of AEP
speed (Rayleigh) extrapolated
m/s kWh kWh % kWh
4 17,716 1,693 10% 17,716 Complete
5 32,122 2,093 7% 32,122 Complete
6 46,292 2,284 5% 46,313 Complete
7 58,690 2,328 4% 58,893 Complete
8 68,525 2,286 3% 69,394 Complete
9 75,474 2,199 3% 77,764 Complete
10 79,617 2,089 3% 84,067 Incomplete
11 81,326 1,968 2% 88,411 Incomplete

AEP measured assumes zero power between highest bin and cutout
AEP extrapolated assumes power in last bin between last bin and cutout

Table 9. Annual energy production at site average density, 0.95 kg/m?

Estimated annual energy production, database A (all valid data)

Reference air density: 0.95 kg/m”3
Cut-out wind speed: 25.00 m/s

Hub height annual Standard C°';Z':;3:;:EP
average wind AEP-measured Uncertainty in AEP-extrapolated is at least 95% of AEP
speed (Rayleigh) AEP-measured extrapolated
m/s kWh kWh % kWh

4 13,739 1,381 10% 13,739 Complete

S 24,911 1,679 7% 24,911 Complete

6 35,900 1,820 5% 35,916 Complete

7 45,515 1,850 4%, 45,672 Complete

8 53,142 1,816 3% 53,816 Complete

9 58,531 1,748 3% 60,307 Complete

10 61,744 1,661 3% 65,195 Incomplete

11 63,069 1,566 2% 68,564 Incomplete

AEP measured assumes zero power between highest bin and cutout
AEP extrapolated assumes power in last bin between last bin and cutout

13




7.2.Graphical Results Power Performance Test
Figure 5 through Figure 11 show the results of the power performance test. Figure 5 shows a
plot of the binned power curve normalized to sea-level air density.

Power (kW), Normalized to Sea Level Air Density
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Figure 5. Power curve at sea-level density, 1.225 kg/m*
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Figure 6 shows a plot of the binned power curve at the site average air density during the test
period.

Power (kW), Normalized to Site Specific Air Density
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Figure 6. Power curve at site average density, 0.95 kg/m®
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Figure 7 shows a scatter plot of statistics for power for the turbine.
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Figure 7. Scatter plot of mean, standard deviation, minimum, and maximum power data

Multiple power curves appear at the higher wind speeds. NREL investigated the cause but did
not find it during testing. NREL changed two contactors in the controller during the test, but this
did not alter the performance of the turbine. The contactor replacement did not cause the
multiple power curves.
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Figure 8 shows a plot of the binned coefficient of performance as a function of wind speed at
sea-level normalized air density.
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Figure 8. Coefficient of power at sea-level density, 1.225 kg/m®
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Figure

Turbulence Intensity

9 shows a scatter plot and binned turbulence intensity as a function of wind speed.
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Figure 9. Wind turbulence intensity as a function of wind speed
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Figure 10 shows a scatter plot of wind speed and turbulence intensity as a function of wind
direction.

25 100%
+ Vwind, pri, avg
- = Turbulence Intensity m + 90%
- *
20 1= - 80%
) "
E 0%
E ‘n
o 157 60% §
@ £
g s0% 8
= 2
:g’:“" 0% 3
g - 30% 'E
g
5 - 20%
- 10%
0 T T T - 0%

145 165 185 205 225 245 265 285 305 325 345
Wind Direction {deg wrt true north)

Figure 10. Wind speed and turbulence intensity as a function of wind direction for the
measurement sector
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Figure 11 shows a scatter plot and binned values of rotor speed as a function of wind speed.

wind speed |m/s | 0.5 1| 1s 2l 25 3l 35 4] as| s| ss 6l 65 7
Rotorspeed [rpm| 03] 14| 38| 85| 136| 208 307 374| 45.3] 519 57.1] 59.0] 594] 60.2

Wind speed |m/s | 7.5 8] ss of os] 10 105] 11| 11.5] 12| 125] 13] 135] 14
Rotorspeed |rpm | 60.6] 60.7] 60.8| 60.8| 6.8| 609 610 610 611 611] 610 611 611 611

wind speed |m/s 14.5 15| 15.5 16| 16.5 17 1?.5' 18| 18.5 19] 19.5 20| 205 21
Rotor speed |rpm | 611 611 611 611 611 610 6].01 610| 610 610| 611 610] 610 611

rotor speed (rpm)

® Averages

® Binned values
r

0 5 10 15 20 25
wind speed (m/s)

Figure 11. Rotor speed as a function of wind speed (1-minute averages) and binned
values
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8. Deviations and Exceptions

8.1 Deviations from the Standard
The current transformers are not compliant with IEC 60044-1 but do exceed the minimum
accuracy required by the standard.

8.2 Exceptions to NWTC-CT Quality Assurance System
The data acquisition modules were used beyond the calibration due date. The modules were
post-test calibrated and found to be in compliance within the specifications. Appendix B includes
the post-test calibration sheets.
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A. Appendix - Photographs of the Test Site from the Turbine Base
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Figure A.1. Southwest

Figure A.2. South—-southwest
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Figure A.3. South

Figure A.4. Southeast
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Figure A.5. East

Figure A.6. East—-northeast
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Figure A.7. Northeast

Figure 12. North
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Figure A.9. Northwest

Figure A.10. West
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B. Appendix - Equipment Calibration Sheets

Branch #: 5000

NREL METROLOGY LABORATORY

Test Report

Test Instrument: Multifunction Transducer DOE #: 03575C
Model # ;: DMT-~1040E S/N 1 06091046
Calibration Date: 02/15/2008 . Due Date: 02/15/2010

A. Set-Up for Total Power Calibration:

A.1. Voltage 1s applied to Lines 1, 2, & 3 = 277.128 V @ 60 Hz:

A.2, Current is applied to n = 8-TURNS through three current transformers
that are connected to Lines 1, 2, & 3 . '

A.3. Analog Output-1 is measured across precigion resistor = 250 Q.

A.4, Full Scale setting = -15.796KW to 15.796KW.

Input Current Input Power Analcg Output-1
(AAC) (XH) (vpe)
18 14.965 . 4.811
12 9.977 3.209
6 4.988 1.604
0 0 0.002
-6 -4.988 -1.602
-12 -9.977 -3.206
-18 -14.965 -4.807

B. Set-Up for Power Factor Calibration:
B.1., Voltage & Current are applied as aA.1 & A.2.
B.2. Analog Output-2 is measured across precision resistor = 250 Q.

Power Analog Output-2
(KW) Power Factor (vpe)
10 1.0 5.001
-
w 0.8 3.995
w 0.6 2,993
" 0.4 1.991

Page 1 of 2

Figure B.1. Power transducer calibration sheet
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DEUTSCHER KALIBRIERDIENST DKD

Kalibrierlaboratorium fiir Strémungsgeschwindigkeit von Luft
Calibration laboratory for velocity of air flow

Akkreditiert durch die / accredited by the
Akkreditierungsstelle des DKD bei der
PHYSIKALISCH-TECHNISCHEN BUNDESANSTALT (PTB)

Dautschor

5 Deutsche WindGuard Aklrodilerungs
Ilﬂihn G : Wind Tunnel Services GmbH =P\
Wind Tunnel Sehd Varel DKD-K- 36801
| DKD-K-
Kalibrierschein Kalibrierzeichen | 36801 |
Calibration Certificate Calibration label 07_2415
Gegenstand Cup Anemometer Dieser Kallbrierschein dokumentiert  die
Object Rilckfilhrung auf nationale Normale zur

Darstellung der Einheiten in Ubereinstimmung
Hersteller Thies Clima mit dem Internationalen Einheitensystem (Sl).
Manufaclurer D-37083 Goitingen Der DKD ist Unterzeichner der multi- lateralen
Ubereinkommen der European co-operation for
Accreditation (EA) und der International
Typ 4.3350.00.000 Laboratory Acc(red?taﬁon Cooperation (ILAC)
Type zur  gegenseitigen  Anerkennung der
Kalibrierscheine.

Egn%rjirlgsnt;‘a?rien—Nr, Body: 0707890 Fur die Einhaltung einer angemessenen Frist
Cup: 0707890 zur Wiederholung der Kalibrierung ist der

P Benutz: twaortlich

enutzer verantwaortlich.
'gﬁg}gfn%?eber Thies Clima This calibration cerlificate documents the
D-37083 Gottingen traceability fo national standards, which realize

the wnifs of measurement according to the
International System of Units (Si).
Auftragsnummer The DKD is signafory fo the multilateral

Order No. VT07255 agreements of the European co-operation for

) . . Accreditation (EA) and of the Infemalional

Anzahi der Seiten des Kalibrierscheines 3 Laboratory Accreditation Cooperation (ILAC)

pag for the mutual recognition of calibralion
cettificates.

Datum der Kalibrierung 54 97 2007

Date of calibration The user is obliged to have the object

recalibrated at appropriate intervals.

Dieser Kalibrierschein darf nur vollstandig und unverdndert weiterverbreitet werden. Auszige oder Anderungen bedurfen
der Genehmigung sowohl der Akkreditierungsstelle des DKD als auch des ausstellenden Kalibrierlaboratoriums.
Kalibrierscheine ohne Unterschrift und Stempel haben keine Giiltigkeit.

This calibration certificate may not be reproduced other than in full except with the permission of both the Accreditation
Body of the DKD and the issuing laboratory. Calibration certificates without signature and seal are not vaiid.

Datum Leiter des Kalibrierlaboratoriums Bearbeiter

Date wf the calibration laboratory rson in charge
24.07.2007 W {(/{ i :
P S .

Dipl. Phys. D. Westermann ch. Ass. Inf. H. Westermann

Deutsche WindGuard Wind Tunnel Services GmbH
Oldenburger Str. 65 Deutsche
26316 Varel ; Tel. ++49 (0)4451 8516 0

Wind Tunnel Seniogl

Figure B.2. Primary anemometer calibration sheet
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DEUTSCHER KALIBRIERDIENST DKD

Kalibrierlaboratoriurn fir Stromungsgeschwindigkeit von Luft
Calibration laboratory for velocity of air flow

Akkreditiert durch die / accredited by the
Akkreditierungsstelle des Deutschen Kalibrierdienstes %

DEWI GmbH

Craulscher

Deutsches Windenergie-Institut g
DKD-K-28901
1294 09
DKD-K-
Kalibrierschein Kalibrierzeichen 28901
Calibration certificate Calibration label 16.06.09

Gegenstand Cup Anemometer Dieser Kalibrierschein dokumentiert die
Object Riickfihrung auf nationale Normale zur

Darstellung der Einheiten in  Uber-
Thies Clima einstimmung mit dem Internationalen

Hersteller Einheitensystem (SI)

Menufacturer D-37083 Gottingen Der DKD ist Unterzeichner der multi
lateralen Ubereinkommen der European co-
operation for Accreditation (EA) und der

IYF‘ 4.3350.00.000 International  Laboratory  Accreditation

rpe Cooperation (ILAC) =zur gegenseitigen

. . ) Anerkennung der Kalibrierscheine.
Fal;lrlkaUSenBWNf. body: 0707890 Fir die Einhaltung einer angemessenen
Serial number cup: - Frist zur Wiederholung der Kalibrierung ist
: : der Benutzer verantwortlich.

’é”i‘o’aggaber B'E%gg"éi attingen This calibration certificate documents the

usltomer gen, traceability to nalional standards, which

Auftragsnummer AB0D901617 realize the units of measurement according

Order Ne. to the Intemational System of Units (S1).

The DKD js signatory to the mullilateral

Anzahl der Seiten des Kalibrierscheines ~ 3+3 agreements of the European co-operation

for Accreditation (EA) and of the

International  Laboratory  Accreditation

16.06.09 Cooperation  (ILAC) for the mutual
recognition of calibration cerfificales.

The user is obliged fo have the object
recafibrated at appropriate intervals.

Number of pages of the certificate

Datum der Kalibrierung
Date of calibration

Dieser Kalibrierschein darf nur volistéindig und unveréndert weiterverbreitet werden, Ausziige oder Anderungen bedtrfen
der Genehmigung sowohl der Akkreditierungsstelle des DKD als auch des aussiellenden Kalibrieriaboratoriums.
Kalibrierschelne ohne Unterschrift und Stempel haben keine Gilltigkeit.

This calibration certificate may not be reproduced other than in full except with the permission of both the Accreditation
Body.othe QKD and the issuing laboratory. Calibration cerificates withoul signature and seal are not valid.

E@ﬁu iSc-,} Datum Stellv. Leiler des Kalibrierlaboratoriums Bearbeiter
84 b ® Data Deputy head of the calibration laboratory Person in charge
KDy, ™
= ]

= 2891 , //345,.?/4 4 N

93,3 " 16.06.00 Dipl-Ing. (FH) P. Busche R.Kluin
DEWI GmbH DEUTSCHES WINDENERGIE - INSTITUT q%
Ebertstr. 96, D-26382 Wilhelmshaven DEWI

Tel. +49 (0)4421 4808-0, Fax. +49 (0)4421 4808-43

Figure B.3. Primary anemometer calibration sheet Il
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Wind Vane Calibration Report

Calibration Laboratory: Customer:
National Wind Technology Center - Cert. Team National Wind Technology Center - Certification Team
Mational Renewable Energy Laboratory Mational Renewable Energy Laboratory
1617 Cole Boulevard 1617 Cole Boulevard
Golden, Colerado 80401 Golden, Colorado 80401
Calibration Location: Calibration Date: 13-Sep-07

National Wind Technology Center
Room 101, Building 256

Report Number: X4357-070913 Procedure:
NWTC-CT: G124-000613, Wind Vane Calibration
Page: 1 of 1
Ceviations from procadure: Calibrated on 5V range
Item Calibrated: . Calibrated in Volts (not mV)
Manufacturer Met One Instruments, Inc
Model 020C Results:
Serial Number X4357 Slope: 71.12  deglV
Vane Material Aluminum Offset to boom: 91.02 deg
Condition Refurbished Max error: 0.78 deg
Estimated Uncertainty: Traceability: Mig & Moedel Serial Cal
Inclinometer Tatal Number ~ Date
Uncertainty Uncertainty Inclinometer: Spi-Tronic  31-038-3 22-Mar-07
(deg) (deg) Voltmeter: Fluke743B 6965608  10-May-07
0.10 0.33
Calibration by: e . 13-Sep-07
ark Meadors Date
360 — |
— 300
o
@
= I —
o 240 ] e o4 9
] ' ‘ z
. o
E & 4 T02
< 480 44 . . I S =
- A =
=] 0.0
= ® A =)
c 4 A & 7]
-_— 120 - ™ . — — L .02 @
2 " e oo e
o 0+ -04
~ 80 - - —e—
° 1 -0.8
0 - - 0.8
0 1 2 3 4 5

Vane Output Voltage (V)

Figure B.4. Wind vane calibration sheet
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Branch #: 5000 sheet: 1 of; 1
NREL METROLOGY LABORATORY
Test Report
Test Instrument: RTD Probe DOE #: 02885C
Model # 7ENOINOON s5/N 0890084
Calibration Date: 10/29/2007 bue Date: 10/29/2008
Nominal Values Measured Values
No )
Nominal Egquivalent , Measured Eguivalent Temperature
Resgistance Temperature Resistance Temperature ' Error
1 86.09 Q -10 °C 856.078 0 -10,03 *C 0.03 °C
2 100.00 Q o °cC 99.996 Q -0.01 *°C 0.01 °C
3 103.90 Q i0 °C 103.903 Q 10.01 °C -0.01 °C
4 107.79 Q 20 °C 107.786 Q 20.02 °C -0.02 °C
5 111.67 Q2 30 °C 111.677 Q 30.02 °C -0.02 °C
& 115.54 Q 40 °C 115.546 @ 40.02 °C -p0.02 °C
Notes:
1. Total Uncertainty of Nominal Values = +0.02 °C
2. Calibration was performed at 23 °C and 37% RH
3. Resistance is measured using 4-wire technigue
Calibrated by: Reda QA by: Bev

Date : 10/29/2007

Date : 10/29/2007

Figure B.5. RTD probe calibration sheet |
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Branch #: 5000 sheet: 1 of: 1

NREL METROLOGY LABORATORY

Test Report
Test Instrument: RTD-Probe DOE #: 02883C

Model # : 78NOINOON S/N : 0789021

Calibration Date: 10/10/2008

Due Date: 10/10/2009
Measured Values { JMfr. Specs.
No Function Nominal (Q) OR
Tested Value (X)Data only
(°c) as As
Found Left
hd Temperature: 4] 99.96 Same
25 109.41 w
50 118.95 “
Notes:

- Calibration was performed using instruments that are traceable to

NIST. DOE#s 124272, 108603, and 108604.

- Calibration was performed at temperature = 23 °C and relative
humidity = 38.

- Uncertainty of Nominal Values = + 0.03 °C, k = 2.

Tested By: Reda

Date : 10/10/2008

Figure B.6. RTD probe calibration sheet Il
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Branch #: 5000

sheet: 1 of:

NREL METROLOGY LABORATORY

Test Report

Test Instrument: Pressure Transmitter

Model # : PTBIO1B

Calibration Date: 10/28/2007

DOE #: 03510C

8/N : Cl040014

Due Date: 10/29/2008

Measured Output Voltage { JMfr. SBpecs.
No Function Nominal {voc) OR
Tested Value (X)Data only
(kpa) As Found As Left (mb)
* | Absolute Pressure
65 0.275
70 0.548
75 0.820
80 1.082
a5 1.364
S0 1.635
95 1.807
100 2.178
105 2.451

Notes:

2. Calibration was performed at 23°C and 37% RH.

numbers: 02625C, 02727C, and 02301cC.

1. Expanded Uncertainty of the nominal value is % 0.2 kPa, with k = 2.

3. Calibration was performed using standards that are traceable to NIST. DOE

Calibrated By: Reda
Date: 10/29/2007

QA By: Bev

Date: 10/29/2007

Figure B.7. Pressure transmitter calibration sheet
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VNATGONM. . Certificate of
INSTRUMENTS _ Calibration

Board Information: Certificate Information:
Serial Number; 12CBC7A Certificate Number: 793243
NI Part Number: 192580D-02 Date Printed: 20-NOV-08
Description: NI 9229

Calibration Date: 14-AUG-07
Recommended Calibration Due Date: 14-AUG-08%

Ambient Temperature: 23 °C
Relative Humidity: 60 %

National Instruments certifies that at the time of manufacture, the above product was calibrated
in accordance with applicable National Instrumenis procedures. These procedures are in
compliance with relevant clauses of ISO 9001 and are designed to assure that the product listed
above meels or exceeds National Instruments specifications.

National Instruments further certifies that the measurements standards and instruments used
during the calibration of this product are traceable to National and/or International Standards
administered by NIST or Euromet members or are derived from accepted values of natural
physical constants.

The environment in which this product was calibrated is maintained within the operating
specifications of the instrument and the standards.

The information shown on this certificate applies only lo the insfrument identified above and the
certifieate may not be reproduced, excepl in full, without prior written consent by National
Instruments.

For questions or comments, please conlact National Instruments Technical Support.

NI Hungary Saoftware és Signed,

Hardware Gyarté Kift.

4031 Debrecen, Hatdr it O\Q,_Hﬂ
I/A.

GARY Andrew Krupp

Quality Director

* Recommended calibration due date is based on a combination of calibration interval and, when
applicable, calibration shelf life, This date may vary depending on your application requirements.

Figure B.8. NI 9229 data acquisition module calibration sheet |
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wﬂﬁﬂﬂm ) ’ Certificate of
INSTRUMENTS Calibration

Bn:.lrd Information: - Certificate Information:
Serial Number: 12BFEE2 Certificate Number: 775348
NI Part Number: 192547D-01 Date Printed: 20-NOV-08

Description: NI 9217

Calibration Date: 20-JUL-07
Recommended Calibration Due Date; 20-JUL-08%

Ambient Temperature: 26 °C
Relative Humidity: 45 %

National Instruments certifies that at the time of manufacture, the above product was calibrated
in accordance with applicable National Instruments procedures. These procedures are in
compliance with relevant clauses of ISO 9001 and are designed to assure that the product listed
above meets or exceeds National Instruments specifications.

National Instruments further certifies that the measurements standards and instruments used
during the ealibration of this product are traceable to National and/or International Standards
administered by NIST or Euromet members or are derived from accepted values of natural
physical constants.

The environmeni in which this product was calibrated is maintained within the operating
specifications of the instrument and the standards.

The information shown on this certificate applies only to the instrument identified above and the
certificate may not be reproduced, except in full, without prior written consent by National
Instruments.

For questions or comments, please contact National Instruments Technical Support.

NI Hungary Software és Signed,

Hardware Gyarié Kit.

4031 Debrecen, Hatadr iit O@W
1/4.

HUNGARY Andrew Krupp

Quality Director

* Recommended calibration due date is based on a combination of calibration interval and, when
applicable, calibration shelf life. This date may vary depending on your application requirements.

Figure B.9. NI 9217 data acquisition module calibration sheet |
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VNA'HONAI. ] Certificate of
INSTRUMENTS Calibration

Bm_trd Information: Certificate Information:
Serial Number: 12E9C99 Certificatc Number: 835019
NI Part Number: 193299F-01 Date Printed: 20-NOV-08

Description: NI-9205

Calibration Date; 08-OCT-07
Recommended Calibration Due Date: 08-OCT-08*

Ambient Temperature: 23 °C
Relative Humidity: 38 %

National Instruments certifies that at the time of manufacture, the above product was calibrated
in accordance with applicable National Instruments procedures. These procedures are in
compliance with relevant clauses of ISO 9001 and are designed to assure that the product listed
above meels or exceeds National Instruments specifications.

National Instruments further certifies that the measurements standards and instruments used
during the calibration of this preduct are traceable to National and/or International Standards
administered by NIST or Euromet members or are derived from accepled values of natural
physical constants.

The environment in which this product was calibrated is maintained within the operating
specifications of the instrument and the standards.

The information shown on this certificate applies only o the instrument identified above and the
cerlificate may not be reproduced, except in full, without prior wrilten consent by National

Instruments.

For questions or comments, please contact National Instruments Technical Support,

NI Hungary Software és Signed,

Hardware Gydrio Kft.

4031 Debrecen, Hatdir it OO V—0

1/4.

HUNGARY Andrew Krupp
Quality Director

* Recommended calibration due date is based on a combination of calibration interval and, when
applicable, calibration shelf life. This date may vary depending on your application requirements.

Figure B.10. NI 9205 data acquisition module calibration sheet |
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Certificate of Calibration
3214337

Certificate Page L af 1

Davis|Calibration

Instrument Identification
Company 0 220037 PO Mumber. 337653
MATIOMAL INSTRUMENTS

11300 M. MOPAC EXPWY
ATTH. RMA DEPT.

AUSTIM, TX 757359
Instrument |ID: 12CBCTA Model Mumber: NI 9225
Manufacturer: MATIOMNAL INSTRUMENTS Seral Mumber: 12CBCTA

Descrigtion: 4-CHANMEL, #60 W, 24-5IT SIMULTANEOUS AMALOG INPUT
Accuracy: MiT Specifications

Certificate Information

Reason For Senvice: CALIBRATION Technician: WaAYMNE GETCHELL
Type of Cal: ACCREDITED 17025 Cal Date 08May2009
Ag Found Condition: [N TOLERANCE Cal Due Date: 05May2010
Az Left Condition: LEFT AS FOUND Interval: 12 MONTHS
Procedure: MATIONAL INSTRUMENTS CAL EXECUTIVE REV 3.3.1 Temperature: 230 C
Humidity: 44.0 %

Remarks: Reference siizched Dafa.

T drptrumenl o iy certfioation bas bedn colibratid apatnsl standands fracdaldic ko the NMatiosal Inaritsts of Siandards and Tichnolagy (NIET) or athir fecogmized
bl metradogy fertitares, dirveed from ralio bipe semrdments, or compared o satiorally o mermaiionally ricogaised conneniies standards.

A Tt sttty ratio (TLLLR ) of 420 [K=3, appros. 5% Confidents Livel] was mainfained unliee olberiise itatad
Pl Calibration Laboratory t cernified o B2 0002000 by Enple Rigistrations [oereificat & 30460, Lab Cperations misr the riguincments of
ANINCTL ER40-1-1994, 150 1001 2:2003, JOCFRED Appacl, and FOCFRIL

LRV FT025-2005 acvridited caifrations are per ACLARS certificate B AC-1 1T within the soopa for which the fob iy aevradined
AR pesseles comtalned withis this certificarion relate omly 1o ity calibrated. A e ber of factors may cascne thee calib ration (i fo et out of calibrarion bifare the
irstramint 'y calibrarios merval has expired

Theds cwrtiffoate shall sod be reproducnd excepr is fall, withow! written conses! of Dasds Calibranion Laboratory,

Approved By: VICTOR PEMNA
Service Representative

Calibration Standards

MIST Traceable#  _Inst. ID¥ Diescription Model LalDate  DateDue
3143032 150271 MULTIFUNCTION CALIBRATCR ST00A 15402009 14.ui2008

DCavis Calibration * 2324 Ridgepoint Drive, Suite D+ Austing TX 78754 * Phone: 800-365-0147 » Fax: 512-826-3450

Figure B.11. NI 9229 data acquisition module calibration sheet I
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Certificate of Calibration
3214181

Certificare Page L of 1

Davis|Calibration

Instrument Identification

Comgany ID: 226037 PO Murnber: 337683
MATIOMAL INSTRUMENTS

11500 M. MOPAC EXPWY
ATTHN. RMA DEPT.

ALUSTIM, TX 78759
Instrument 1D: 12BFEE2 Model Mumber: NI 3217
Manufacturer: MATIOMAL INSTRUMENTS Serial Mumber: 12BFEE2

Description: 4-CH 100 OHM 24-BIT RTD AMALOG INFUT
Accuracy: Mir. Specifications

Certificate Information

Reason For Senics: CALIBRATION Technician: WAYNE GETCHELL
Type of Cal: ACCREDITED 17025 Cal Date 06May2009
As Found Condition: [N TOLERANCE Cal Due Date: 08May2010
Ag Left Condition: LEFT AS FOUND Interval: 12 MONTHS
Procedure: CAL EXEC 3.2.1 CAL EXEC 3.31 Temperaturs: 230 C
Humidity: 46.0 %

Remarks: Reference affached Dafa.

Th instrument o thiyv cerificavion bay bean codibratd apataer stondarde fraveabdi to the Natioss! Insritsse of Seondards and Techaolage (WIST) or other secogmized
wationcel metradogy eatitutes, dirteed [romi Fatio bpe mesrsdmenl, or companid to satiosally oF eleradiionally rcogaized comrnus standards
A tieit smcartainty ratio (TUR) of 420 [X =2, apprix. 95% Confidiece Lol war maintaingd unlices otbermi stated
Diavis Calibration Laberatony i3 carnifhed fe 150 0013000 by Eaple Ropinrations jeetificate 8 30460, Lab Operations miel the riquiroments of
ANENCEL ZE40-0-TP0, [50 JO0 2:2000, JOCFRI0 Apped, awd 1OCFRIT.

LECMIED FTO025-2005 gceradited caffbrations are per ACLATS oergjficate 8 AC-1 787 within the seopa for which the fab iy sooradited
AR Fesuln cowtadingd witkis Uils serficarion relane omly b idemya) calibrated A susiber of (aotors e cosre the calid ratios s 1e D out of calibration bifore the

iarraAT s calibranios imerval Bas axpinad

This awraiffcane shall ot be riprodiced excapt is fall, saithowt writtin condent of Dot Calibranion Laboraton.

Approved By VICTOR PEMNA
Service Reoresentative

Calibration Standards

MIST Traceables Inst. |0 Diescription Model LalDate  DateDue
30788E2 150011 DECADE RESSTOR DBS2 24Mar2009  24Mar2D
3004178 13-0060 DIGITAL MULTIMETER {GOLDEM CAL) 34564 OPT 002 17Feb2008  17May2002

Davis Calibration » 2324 Ridgepoint Drive, Suite D + Austin, T 78754 » Phone: 800-3685-0147 « Fax: 512-526-8450

Figure B.12. NI 9217 data acquisition module calibration sheet I
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Certificate of Calibration
3214135

Cerfificate Page L of 1

Davis|Calibration

Instrument Identification
Comgany |0 229037 PO Number: 337683
MATIONAL INSTRUMENTS

11500 M. MOPAC EXPWY
ATTH. RMA DEPT.

ALUSTIM, TX 78759
Instrument 1D 12E9C99 Model Murnber: NI 9205
Manufacturer: MATIOMAL INSTRUMENTS Serial Murmber: 12E9C29

Description: 32-CH 2200 MY TO £10Y, 18-BIT, 250 K35 AMNALOG INPUT MODULE
Accuracy: MiT Specifications

Certificate Information

Reason For Service: CALIBRATION Technician: WAYNE GETCHELL
Type of Cal: ACCREDITED 17025 Cal Date 05May2009
As Found Cendition:  |N TOLERAMCE Cal Due Date: 08May2010
Ag Left Condition: LEFT AS FOUND Interval: 12 MONTHS
Procadure: MATIOMAL INSTRUMENTS CAL EXECUTIVE REV 3.3.1 Temperature: 230 C
Humidity: 47.0 %

Remarks: Feference aftzched Data.

The insrrumaenr on fhiy cerfifioation bas been calibratd againer stendurds fraveabl b0 the Natiowa! Inarfissser of Sondards and Technology (NIST) or offer recogmized
wationel metrology isntitates, divvacd fromi Falio hpe micarreants, oF compared to satiosally oF ieseraationdly ricopaised cosrensul standards.

A Nkt wwcartaing ratio (TN of 420 [X=2, approe. 939 Confidince Level] was maintainid unlics otherise stated
Davis Calitiration Labavatery i certified fo 150 P001 2000 by Eagle Rigistrations [cestificate § 30461, Lab Cpirations meat e reguirerests of
ANSIDRCEL, ESA0-0-1994, 190 1000 32003, JOCOFRSD Appadl, and J0CFRIE.

ASMEC 70252005 avenddited cafbrations are per ACLATS cenniffeate B 01 18T within the seoapa for which the fob iy aooradited
AR repults covtadnad withis thils cerification relate omly Bo itaeys) calibrated Ase sumibier of factors mv cascne the calibratios i B deift ont of calibrarion Baflord the

inarFaminl s calibrarios iireal has aepirnd

Theds cwrmifreastee shal! mod be riproaiiced excapt i fal, saithour writtin consen! of Dads Calibrarion Laboratory.

Approved By: VICTOR PEMNA
Service Representative

Calibration Standards
MIST Traceable® Inst. |02 Description Model Cal Date Ciate Due
3143038 150271 WMULTIFUNCTION CALIERATCR ET00A 154pr200g 14Julzaoe

Davis Calibration * 2324 Ridgepoint Drive, Suite D+ Austin, TX 78754 » Phone: 800-365-0147 = Fax: 512-526-8450
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