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1. INTRODUCTION

Following an order of Massachusetts Clean Energy Center a calibration of a LIiDAR of the type
WindCube V2 by Leosphere (WLS7-436) against a met mast has been performed at a test site in the
us.

In this report the measurement results of the LIDAR device are compared to those from calibrated cup
anemometers mounted on a met mast. The aim of this comparative assessment is to convey
traceability to international standards of this particular LIDAR unit. The evaluation process is based on
the IEC 61400-12-1 Ed. 2 Annex L [2]. This standard describes the calibration procedure of remote
sensing devices in the frame of power curve measurements on wind turbines. However, this approach
generally also applies in the field of wind resource assessment, under the recommendations of
MEASNET [4].

The data of the LIDAR measurement (130 m, 125 m, 95 m and 60 m) have been compared with the
measured met mast data at 4 different heights (130 m, 125 m, 94 m and 58 m) during a period of 36
days (2019.08.20 — 2019.09.25) for wind speed bins between 4 — 16 m/s and for the wind direction
sector 67 — 354°. In addition, measurement results of the met mast and LiDAR unit have been
compared in terms of turbulence intensity, wind direction and wind shear.

UL was not involved in the installation of the instruments on the mast but has gathered all relevant
information. However, UL was responsible for the installation of the LIDAR unit close to the mast.

It is ensured that the results presented in this report have been measured in an unbiased manner,
following the best practices and to the best knowledge of the participating persons.

Massachusetts Clean Energy Center 18 October 2019 @
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2. MEASUREMENT SITE

2.1 Description

The test site is located in the state of Texas in the US. The LIDAR unit was located in a distance of
about 44 m South-West from the met mast. The altitude of the LIDAR unit was approximately 1100 m
above sea level. The mast and LiDAR unit are located at the edge of an open field. The further vicinity
of the test site remains flat and consists of open fields and woods.

As far as obstacles are concerned, a turbine is located approximately 300m NNE of tower and a 80m
NRG tilt up tower at approximately 500m N of the tower.

The coordinates of the reference mast and the LiDAR are given in Tab. 2.1 Coordinates of the LIDAR
and the reference mast (Geographic [deg,min,sec], WGS84).

These coordinates were measured by UL within the accuracy of the GPS measuring device.
Tab. 2.1 Coordinates of the LiDAR and the reference mast (Geographic [deg,min,sec], WGS84)

Coordinates
Location
West North
LiDAR 101°47'30.36" 34°57'52.44"
Reference Mast 101°47'29.66" 34°57'53.75"

The test site is suitable for RSD calibration. It is considered as flat terrain according to IEC 61400-12-1
Ed.2 [2]. Topographic data was acquired from the publicly available Shuttle Radar Topography
Mission (SRTM) [8]. The site topographical variations and requirements are summarized in the
following table.

Tab. 2.2 Topographical conditions at the test site. L: defined as 250 m. Measurement sector considered as
full 360°.

Allowed Observed
Allowed Observed = maximum maximum
Distance Sector maximum | maximum terrain terrain Remark
slope slope variation variation
from plane | from plane

<2L 360 degrees <3% 0.9 % <16.7m 3.6m pass

=2l and< | Measdrement <5% 06% | <33.3m 6m pass

= 2L4?_nd < meg:ﬁ(iac:ﬁent <10 % 0.7 % apprl\:é);ble apprl\:é);ble pass
sector

zatand< - Measurement | <10% 05% | <50.0m 8.6m pass

y 8I] ng ) Meass:crgpent <10% 1.4% apprl\:é);ble apprl\:é);ble pass

The maximum slope observed within a range of 500 m (2 L) from the met mast is 0.9%.
The maximum terrain variation from plane within a range of 1 km (4 L) from the met mast is 6 m.

There is a remarkable magnetic declination present at the site: 6.04°E £ 0.34° changing by 0.10°W
per year.

Massachusetts Clean Energy Center 18 October 2019 @
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2.2 Overview

L'\DAR-QSS'JTMD‘”E

West TexasiMast

Fig. 2.1 The online resource “Google Earth” provides a good impression of the location [7].

QVVest Texas Mast

Fig. 2.2 Close-up map of the mast and LiDAR positions.
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2.3 Panoramic view of the test site

Fig. 2.3 View towards north. Fig. 2.4 View towards northeast.

Fig. 2.5 View towards east. Fig. 2.6 View towards southeast.

Fig. 2.7 View towards south. Fig. 2.8 View towards southwest.
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Fig. 2.9 View towards west. Fig. 2.10 View towards northwest.
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2.4 Determination of the measurement sector
Around the reference mast and the LIDAR, a wind turbine is located which was considered for the
determination of the measurement sector.

Tab. 2.3 Measurement sector for power curve measurements according to the IEC 61400-12-1 0. The
reference mast has been used as a reference (x=0; y=0) in the x;y coordinates.

oect | X' v o Dl Dieclon |y
[m] [m] | [m] [D] [degrees] [degrees] ‘ [degrees]
Reference mast disturbed
WT 1 (Goldwind 3S) | 154 | 261 [ 140 | 217 | 29 354 67
Met mast undisturbed 67 354
RSD disturbed
WT1(Goldwind3S) | 154 | 261 |140| 248 | 28 356 64
LiDAR undisturbed 64 356
Final Measurement sector according to IEC 61400-12-1 0 67 354

3. WIND MEASUREMENT

A complete overview of the measuring equipment of the met mast including serial numbers and
calibration values is given in Tab. 10.1.

3.1 Description of the met mast

The meteorological mast consists of a Lattice Triangular construction. It has been erected at an
altitude of about 1100 m above sea level. The measurement mast is still in use.

The mast layout presents some deviations with respect to IEC 61400-12-1 Ed. 2 [2]. The top
anemometer is attached above one corner of the triangular mast; therefore, it should be mounted at a
height of at least 11 times the mast section above the mast, this was not respected in this mast layout.
Furthermore, the exact orientation of the lightning catcher with respect to the top anemometer could
not be fully verified in the documentation. The effect of the lighting catcher however is most likely
filtered out by the turbine wake filter presented in section 2.4. In addition, the mast disturbance filter on
section 4.4 was also applied to the top anemometer since the top arrangement is not compliant with
the IEC. As a result, additional mounting uncertainty has been applied to the top anemometer.

The measured data are recorded by a data logger of type Campbell Scientific CR1000X/2438 with a
sampling rate of 1 Hz. The time zone of the logger is set to UTC-6.

The orientation of the booms was measured by UL with a GPS during the site inspection and has
been verified.

A visual check of the mast has been performed during the site inspection and the condition of the
measurement mast was good.

Only the sensors that were used for the calibration evaluations have been considered here. A
complete overview of the sensors mounted on the mast can be found in Fig. 3.1.

' Coordinates in east direction (seen from the measured turbine)
2 Coordinates in north direction (seen from the measured turbine)

® Rotor diameter of the WT resp. equivalent rotor diameter of obstacle according to IEC

Massachusetts Clean Energy Center 18 October 2019 @
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Fig. 3.1 Sketch of the met mast and its dimensions. Not to scale.
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3.1.1 Wind speed
The measurement of wind speed was performed at 4 heights.

At the top of the tower, at 130 m, one cup anemometer of type Thies Clima (v1) have been mounted
on an L-shaped boom pointing towards 0°.

A second anemometer (v2) of type Thies Clima was mounted at 125 m on an L-shaped boom pointing
towards 294°.

A third anemometer (v3) of type Thies Clima was mounted at 94 m on an L-shaped boom pointing
towards 294°.

A fourth anemometer (v4) of type Thies Clima was mounted at 58 m on an L-shaped boom pointing
towards 294°.

All the anemometers are classified following IEC 61400-12-1 Ed. 2 [2], Annex | [2] as 0.9A or 1.8A
class sensors [6].

All anemometers have been calibrated by the client in a wind tunnel (MEASNET [5], DAKkS/DKD
accreditation) before the wind measurement period. The respective calibration certificates are given in
the appendices (see section 10.2).

3.1.2 Wind direction

The main wind direction (Diry) was measured at a height of 125 m on the met mast with a wind vane of
type Thies Clima, mounted on an L-shaped boom. This wind vane is orientated towards 112° and is
used as a reference for direction filtering for the calibration evaluations.

3.1.3 Air temperature, relative humidity and air pressure sensors

The temperature was measured at a height of 121 m and the air pressure sensor was measured at a
height of 121 m.

Massachusetts Clean Energy Center 18 October 2019 @
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3.2 Photo documentation of met mast

Fig. 3.2 Top section. Top mounted anemometer Thies Clima on top boom at 130 m. Anemometer Thies
Clima on L-shaped boom at 125 m and wind vane Thies Clima mounted on an L-shaped boom at 125 m.
Anemometer Young on L-shaped boom at 122 m and wind vane Thies Clima mounted on an L-shaped
boom at 122.

Fig. 3.3 Anemometer Thies Clima on L-shaped boom at 94 m and wind vane Thies on an L-shaped boom
at 94 m.

Massachusetts Clean Energy Center 18 October 2019 @
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Fig. 3.4 Anemometer Thies Clima on L-shaped boom at 58 m and wind vane Thies on an L-shaped boom
at 58 m.

Massachusetts Clean Energy Center 18 October 2019 @
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Fig. 3.5 Complete mast overview.

Massachusetts Clean Energy Center 18 October 2019 @



West Texas Page 20/73
Calibration report of LIDAR unit “WLS7-436" Version: A

3.3 Description of LiDAR unit

The LIiDAR device is of type WindCube V2 by Leosphere. The unit ID is “WLS7-436". The unit was
located at an elevation of 1100 m above sea level. The measuring range is 40-200 m. At each height
measurements of horizontal and vertical wind speed as well as wind direction are performed. For each
time step and measuring height a signal quality is supplied in addition.

LiDAR data was synchronized to UTC+0.
The measurement period of the LIDAR device was 2019.08.20 — 2019.09.25 (36 days).
The measurement data are supplied as 10-min statistics values.

According to the information received from the manufacturer, there is no indication of a technical
problem or fixed echoes.

3.4 Configuration of the LiDAR

HeaderSize=40

Version=2.1.9

ID System=WLS7-436

ID Client=MassCEC

Location=MVCO ASIT

GPS Location=Lat:34.964570N, Long:101.791760W
Comments=Lense height is 1 m above agl;

FCR Option=OFF

timezone=UTC+0

Fkkkkkkkkk Kk kkkkkkkk

Windcube Parameters (internal use only)
Sampling Frequency (Hz)=250000000.000
Ref Frequency (Hz)=67800000.000
Pulses / Line of Sight=20000

Samples / Pulse=1024

Reflected Pulse Start=61

Reflected Pulse End=135

Ref pulse samples nb=1

Nb High Pass Filter Points=5

FFT Window Width=50

Laser Diode Current (mA)=1900

LOS=

Init Drive Position (°)=90

Pulse Repetition Rate (Hz)=30000.000
Pulse Duration (s)=0.000000175

Trigger Delay Time=0.000000020
Wavelength (nm)=1543.000

ScanAngle (°)=28.000

DirectionOffset (°)=0.000

Declination (°)=-2.500

PitchAngle (°)=0.200

RollAngle (°)=0.100
CNRThreshold=-23.000

VrThreshold (m/s)=NaN
SigmaFreqThreshold (m/s)=NaN
WiperCNRThreshold=-19.000
WiperAltitude (m)=100

WiperDuration (ms)=5000

Altitudes (m)= 49 59 79 94 99 124 129 139 159 179 199
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3.5 Photo documentation of LiDAR unit

Fig. 3.6 LiDAR in its final position.
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4. INPUT DATA PREPARATION

4.1 Initial data sets

The data set of the met mast and the LiDAR were provided to UL from the client. The LIiDAR data
were available in the “.sta” format. The met mast data were provided to UL in their correct physical
quantity. The correct application of the calibration values and wind direction offsets was checked to
prove consistency by UL.

The measurement period for this calibration is 2019.08.20 — 2019.09.25 (UTC-6).

The availability of the met mast data set amounts to 100% (5293 out of 5293 possible data samples)
and the availability of the LIDAR data set amounts to 97.27% (5149 out of 5293 possible data
samples).

The availability of the combined met mast and LiDAR data set amounts to 97.27% (5149 out of 5293
possible data samples).

For the calibration evaluation a filtering of the data set is necessary in order to exclude influences that
affect the measurement of the met mast’'s sensors and the measurement of the LiDAR unit. The
discussed filter criteria are applied to the original data set. The filtering procedure is performed for
each evaluated measuring height separately. On the resulting data set a further visual inspection is
performed. The following filters have been applied:

4.2 Signal quality

The LiDAR unit WindCube V2 by Leosphere determines for each 10-min mean value a signal quality
value. The quality values relates to the signal to noise ratio detected by the LIiDAR and lie generally in
the range between 0 — 100. For the calibration evaluation a minimum signal to noise ratio of 80 is
recommended by UL. This value has been determined from the user manual of the LiDAR.

4.3 Wind speed

For all evaluations, wind speed has been filtered between 4 and 16 m/s as requested by the IEC
61400-12-1 Ed. 2 Annex L [2]. The wind speed signal recorded at the met tower has been used as a
reference. Subsets of the data base have been filtered for studying the relations of wind direction,
wind shear and turbulence intensity.

4.4 Wind direction

Wind direction filters have to free the meteorological mast and RSD from wakes from neighbouring
wind turbines and other obstacles. Therefore, a wind direction filter has been applied and the resulting
measurement sector (see section 2.4) is from 67° to 354°.

Additional wind direction filters in order to avoid any disturbance effects from the met mast structure
on the reference cup anemometers should be applied. A standard sector of +/- 45° away from the
mast should be excluded from anemometer data. For the top anemometer at height 130 m, the
excluded measurement sector is [335°-65°] since the lightening catcher is oriented at 20°. It is to be
noted that the orientation for the lightening catcher could not be fully verified with the available
documentation as explained in section 3.1.

For the side boom mounted anemometers, the excluded measurement sector is [69°-159°]. The
evaluated anemometers at height 125 m, 94 and 58 m are mounted on horizontal booms pointing
towards 294°, the remaining measurement sector is from 159° to 335°. This approach is conservative
with the mast disturbance effects observed, see below.

The diagram in Fig 4.2 shows the ratio Viasti/Vmaste Over all directions. It is expected to show a spike
around 114° in the wind speed ratio as an indication of the mast wake around this direction. Another
spike is expected around 20° to denote the lightening catcher effect on the top anemometer. The latter
is not clearly detectable in the diagram as the corresponding sector coincides with the one affected by
the turbine’s wake.
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Fig. 4.2 Wind speed ratio Vmast1/Vmast2 over wind direction measurement diri. The impact shown is a
combination of mast effects.

4.5 Specific filters

For the subset of the turbulence intensity related evaluations, the data base has been filtered as to
keep the values for turbulence values between 0.03 and 0.24 as recommended by [2] in table L3. The
Tl filter is applied only for the evaluation presented in Section 6.2.

For the wind direction evaluation, an additional filtering has been applied. To avoid statistical artefacts
caused by angles close to north, reference wind direction between 352.5° and 7.5° have been
excluded as recommended by [3]. The northing filter is applied only for the evaluation presented in
Section 6.3.

For wind shear evaluation, the evaluated subset has been filtered as to keep the values for wind shear
between -0.4 and 0.8 as recommended by [2] in table L3. The shear filter is applied only for the
evaluation presented in §6.4.

All the filters described previously in 4.2, 4.3, 4.4 and 4.5 are applied to all data, for each bin at every
height. The specific filters are additional filters which apply respectively to turbulence intensity, wind
direction and wind shear.
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4.6 Filtering statistics
The original data set consists of 5149 data samples.

4.6.1 General filters

The table below presents the amount of data samples excluded from the original data set by the
different filters. They are applied to all evaluations. A single time step could be flagged by several
filters, the union of this filtering is excluded in the final dataset.

Tab. 4.1 Filter statistics for additional filters applied for wind speed evaluations.

Wind speed Wind direction Signal quality . .
E\;qae:il;:fd filter filter filter Icing filter
Number % Number % Number % Number %
130 m 479 9.3 1512 29.36 182 3.53 0 0.00
125 m 464 9.01 1512 29.36 174 3.38 0 0.00
94 m 457 8.88 1512 29.36 118 2.29 0 0.00
58 m 478 9.28 1512 29.36 251 4.87 0 0.00

4.6.2 Specific filter for turbulence intensity evaluation

The table below presents the amount of data samples excluded from the original data set by filtering

turbulence intensity between 0.03 and 0.24.

Tab. 4.2 Filter statistics for additional filters applied for turbulence intensity evaluations.

Turbulence

Evaluated height intensity filter
Number %

130 m 1492 | 28.98

125 m 1455 | 28.26

94 m 1282 24.9

58 m 1070 | 20.78

4.6.3 Specific filter for wind direction evaluation

The table below presents the amount of data samples excluded from the original data set by filtering
wind direction over North between 352.5 and 7.5.

Tab. 4.3 Filter statistics for additional filters applied for wind direction evaluations.

Evaluated height

Wind direction
filter over North

Number %
130 m 72 14
125 m 72 14
94 m 72 14
58 m 72 14

4.6.4 Specific filter for wind shear evaluation

The table below presents the amount of data samples excluded from the original data set by filtering
wind shear exponent between -0.4 and 0.8 as well as filtering RSD measurements for low signal
quality.

Tab. 4.4 Filter statistics for additional filters applied for wind shear evaluations.

Wind shear I
Evaluated height filter Quality filter
Number | % Number %
125m 58 m 106 2.06 251 4.87
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5. UNCERTAINTY CALCULATION

The main output of a RSD calibration report as described by [2] is to evaluate the uncertainty resulting
from the RSD performance verification test. One should take this uncertainty into account while using
the RSD data as primary input for a power curve calibration as requested by [2] or for a bankable
energy yield assessment as recommended by [4].

The wind speed measurement uncertainty is calculated for every evaluated height. The considered
uncertainty sources are the following [2]:

e The standard uncertainty of the reference sensor (v_Cup uncertainty) with the following
components (calculated with formula (3), page 8)
o Calibration uncertainty at k,=1: 0.05 m/s
o Class number k of anemometer: Class A 0.9
e The uncertainty due to the mounting effects: 1.2% (top mounted, hub height anemometer),
1.5% (all other cup anemometers evaluated in this report were side boom mounted).
e The wind speed data acquisition system uncertainty: 0.1%
e The standard uncertainty of calibrations between different laboratories: 0.4%
e The mean deviation of the RSD measurements and the reference sensor (Mean deviation)

e The standard uncertainty of the measurement of the RSD (%, N representing the number

of data per bin)

e The uncertainty of the RSD due to mounting effects has been assumed with 0.1 % in wind
speed (Mounting uncertainty RSD)

e The uncertainty of the RSD due to non-homogenous flow within the measurement volume has
been assumed to be 0 % in wind speed since the terrain is flat and simple.

e The uncertainty due to the distance between the RSD and the reference sensor calculated as 1 %
times the separation distance divided by the measurement height. These uncertainties are 0.33%
for 130 m, 0.35% for 125 m, 0.46% for 94 m and 0.75% for 58 m.

The resulting uncertainty (v_RSD uncertainty) is the root of the quadratic summation of the previous
sources.

In order to assess its performance, the mean deviations of the RSD measurements against reference
measurements shall be compared to the standard uncertainty of the calibration reduced by the mean
deviation. This uncertainty reduced by mean deviation is the root of the quadratic summation of all
uncertainty sources except the mean deviation.

It is recommended by [2] to correct the RSD measurements with the derived correction function
V.up(Vrsp) presented in this report if the mean deviation exceeds the uncertainty reduced by mean
deviation in at least one bin.
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6. RESULTS OF CALIBRATION

6.1 Calibration of horizontal wind speed measurement

6.1.1 Calibration of horizontal wind speed measurement at 130 m
Total number of used data sets:

Average of v, of all used data sets:
Average of vggp Of all used data sets:  10.124 m/s
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Fig. 6.1 Scatter plot of horizontal wind speed and deviation at 130 m for the data set prior to binning.
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Fig. 6.2 Plot of bin analysis of horizontal wind speed and deviation at 130 m for the complete bins.
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Tab. 6.1 Correction functions from bin linear regression for complete bins at 130 m.

Correction Function Slope Offset R?
Fit Vrsp = Veup * Slope + Offset 0.9836 0.2778 1.0000
Inverse fit V¢, = Vrep * Slope + Offset 1.0167 -0.2820 1.0000

Tab. 6.2 Bin analysis of horizontal wind speed and uncertainty calculation at 130 m.

v_Mast | v_RSD N v_RSD | v_RSD | v_RSD v_RSD Mean v_Cup Mounting v_RSD Uncertainty
max min std std/sqrt(N) = deviation | uncertainty @ uncertainty | uncertainty | reduced by
RSD mean
deviation
[m/s] | [m/s] | [-] | [m/s] | [m/s] | [m/s] [m/s] [%] [%] [%] [%] [%]
4.14 4.29 34 4.65 3.88 0.168 0.029 3.63 2.00 0.10 4.21 2.15
4.50 4.66 80 5.19 4.10 0.232 0.026 3.55 1.88 0.10 4.08 2.00
5.02 521 | 101 @ 5.78 4.65 0.227 0.023 3.62 1.79 0.10 4.08 1.88
5.52 570 | 115  6.38 5.14 0.218 0.020 3.33 1.72 0.10 3.79 1.80
6.01 6.22 | 123 | 6.73 5.74 0.204 0.018 3.46 1.67 0.10 3.87 1.73
6.50 6.67 | 128 | 7.17 6.09 0.200 0.018 2.73 1.62 0.10 3.20 1.68
7.01 719 | 134 | 7.62 6.70 0.192 0.017 2.57 1.59 0.10 3.05 1.64
7.51 7.67 | 163 834 7.17 0.199 0.016 2.14 1.56 0.10 2.68 1.61
8.00 8.17 | 175 | 8.58 7.68 0.185 0.014 2.14 1.53 0.10 2.66 1.58
8.51 8.65 | 177 | 9.23 7.94 0.202 0.015 1.63 1.51 0.10 2.26 1.56
9.01 9.16 | 150 | 9.56 8.69 0.189 0.015 1.65 1.49 0.10 2.26 1.54
9.51 9.67 | 176 | 10.18 9.19 0.189 0.014 1.62 1.47 0.10 2.22 1.52
10.02 10.17 | 166 | 10.58 9.64 0.197 0.015 1.42 1.46 0.10 2.07 1.51
10.51 10.63 | 160 | 11.15 | 10.09 | 0.213 0.017 1.20 1.45 0.10 1.92 1.50
10.99 11.10 | 170 | 11.82 | 10.64 | 0.204 0.016 0.96 1.44 0.10 1.77 1.49
11.49 11.59 | 169 | 11.94 | 11.13 | 0.171 0.013 0.84 1.43 0.10 1.69 1.47
12.00 12.08 | 163 | 12.52 | 11.52 | 0.202 0.016 0.65 1.42 0.10 1.60 1.47
12.51 12.58 | 164 | 13.44 | 11.95 | 0.210 0.016 0.59 1.41 0.10 1.57 1.46
13.01 13.08 | 198 | 13.67 | 12.53 | 0.188 0.013 0.50 1.40 0.10 1.53 1.45
13.51 13.57 | 182 | 13.92 | 13.17 | 0.162 0.012 0.47 1.40 0.10 1.52 1.44
14.00 14.02 | 135 | 14.45 | 13.46 | 0.185 0.016 0.17 1.39 0.10 1.45 1.44
14.49 14.51 | 102 | 14.90 | 14.05 | 0.190 0.019 0.19 1.39 0.10 1.45 1.44
14.99 15.00 | 81 | 15.42 | 14.59 | 0.186 0.021 0.06 1.38 0.10 1.43 1.43
15.51 15.52 | 46 | 16.00 | 15.17 | 0.184 0.027 0.01 1.38 0.10 1.43 1.43
15.90 1591 | 23 | 16.14 | 15.65 | 0.139 0.029 0.04 1.37 0.10 1.43 1.43
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6.1.2 Calibration of horizontal wind speed measurement at 125 m

Total number of used data sets: 3331
Average of v, of all used data sets: 9.991 m/s
Average of vggp Of all used data sets:  10.057 m/s
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Fig. 6.3 Scatter plot of horizontal wind speed and deviation at 125 m for the data set prior to binning.
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Fig. 6.4 Plot of bin analysis of horizontal wind speed and deviation at 125 m for the complete bins.
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Tab. 6.3 Correction functions from bin linear regression for complete bins at 125 m.
Correction Function Slope Offset R?
Fit Vrsp = Veup * Slope + Offset 0.9748 0.3107 0.9999
Inverse fit V¢, = Vrep * Slope + Offset 1.0257 -0.3182 0.9999
Tab. 6.4 Bin analysis of horizontal wind speed and uncertainty calculation at 125 m.
v_Mast | v_RSD N v_RSD | v_RSD | v_RSD v_RSD Mean v_Cup Mounting v_RSD Uncertainty
max min std std/sqrt(N)  deviation | uncertainty | uncertainty | uncertainty | reduced by
RSD mean
deviation
[m/s] | [m/s] | [[]1 | [m/s] | [m/s] | [m/s] [m/s] [%] [%] [%] [%] [%]
4.14 4.28 44 4.78 3.80 0.192 0.029 3.33 2.19 0.10 4.07 2.33
4.53 4.68 76 5.17 4.22 0.226 0.026 3.40 2.09 0.10 4.05 2.19
5.03 5.19 93 5.81 4.71 0.207 0.021 3.30 2.01 0.10 3.90 2.08
5.51 5.68 117 6.31 5.09 0.222 0.021 3.11 1.94 0.10 3.70 2.01
6.01 6.19 120 6.71 5.67 0.195 0.018 2.96 1.90 0.10 3.55 1.95
6.49 6.64 133 7.50 6.06 0.215 0.019 2.33 1.86 0.10 3.01 1.91
7.01 7.16 136 7.61 6.72 0.184 0.016 2.01 1.82 0.10 2.75 1.87
7.51 7.64 169 8.31 7.15 0.198 0.015 1.83 1.80 0.10 2.60 1.85
8.01 8.14 175 8.51 7.55 0.180 0.014 1.64 1.78 0.10 2.45 1.82
8.50 8.61 176 9.08 8.19 0.185 0.014 1.25 1.76 0.10 2.19 1.80
8.99 9.12 152 9.55 8.66 0.191 0.015 1.39 1.74 0.10 2.26 1.79
9.50 9.60 167 9.96 9.14 0.189 0.015 1.12 1.73 0.10 2.09 1.77
10.01 10.11 | 172 | 10.48 9.56 0.193 0.015 0.98 1.71 0.10 2.01 1.76
10.50 10.57 | 169 | 11.15 10.07 0.211 0.016 0.63 1.70 0.10 1.86 1.75
11.00 11.04 | 173 | 11.57 10.65 0.196 0.015 0.38 1.69 0.10 1.78 1.74
11.50 11.53 | 176 | 11.93 11.04 0.175 0.013 0.27 1.69 0.10 1.75 1.73
12.00 12.01 | 153 | 12.52 11.61 0.186 0.015 0.05 1.68 0.10 1.72 1.72
12.51 12.51 | 169 | 13.38 11.77 0.221 0.017 0.00 1.67 0.10 1.72 1.72
13.00 12.99 | 185 | 13.63 12.54 0.192 0.014 -0.08 1.67 0.10 1.71 1.71
13.50 13.47 | 199 | 13.89 | 12.87 | 0.177 0.013 -0.20 1.66 0.10 1.72 1.70
13.98 13.92 | 122 | 1441 13.49 0.181 0.016 -0.46 1.66 0.10 1.76 1.70
14.48 1442 | 110 @ 14.89 14.03 0.176 0.017 -0.39 1.65 0.10 1.74 1.70
14.98 14.91 74 15.29 14.54 0.180 0.021 -0.45 1.65 0.10 1.75 1.69
15.49 15.38 43 15.76 15.07 0.167 0.025 -0.75 1.65 0.10 1.85 1.69
15.89 15.76 28 16.02 15.57 | 0.125 0.024 -0.79 1.64 0.10 1.86 1.69
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6.1.3 Calibration of horizontal wind speed measurement at 94 m

Total number of used data sets: 3357
Average of v, of all used data sets: 9.479 m/s
Average of vggp Of all used data sets:  9.584 m/s
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Fig. 6.5 Scatter plot of horizontal wind speed and deviation at 94 m for the data set prior to binning.
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Fig. 6.6 Plot of bin analysis of horizontal wind speed and deviation at 94 m for the complete bins.
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Tab. 6.5 Correction functions from bin linear regression for complete bins at 94 m.

Correction Function Slope Offset R?
Fit Vrsp = Veup ™ Slope + Offset 0.9790 0.2918 0.9999
Inverse fit V¢, = Vrep * Slope + Offset 1.0214 -0.2973 0.9999
Tab. 6.6 Bin analysis of horizontal wind speed and deviation at 94 m.
v_Mast | v_RSD N v_RSD | v_RSD | v_RSD v_RSD Mean v_Cup Mounting v_RSD Uncertainty
max min std std/sqrt(N) = deviation | uncertainty | uncertainty | uncertainty = reduced by
RSD mean
deviation
[m/s] | [m/s]  [1 [m/s] | [m/s] [m/s] [m/s] [%] [%] [%] [%] [%]
4.13 4.26 37 4.73 3.90 0.186 0.031 3.10 2.19 0.10 3.89 2.36
4.50 4.68 77 5.18 4.25 0.206 0.023 3.95 2.09 0.10 4.53 2.20
5.02 5.20 90 5.62 4.70 0.201 0.021 3.58 2.01 0.10 4.16 2.11
5.51 5.68 130 6.03 5.28 0.183 0.016 3.01 1.94 0.10 3.63 2.02
6.02 6.18 145 6.72 5.55 0.201 0.017 2.64 1.90 0.10 3.30 1.97
6.51 6.68 145 7.33 6.24 0.198 0.016 2.57 1.86 0.10 3.21 1.93
7.02 7.15 176 7.58 6.66 0.182 0.014 1.87 1.82 0.10 2.66 1.90
7.51 7.65 183 8.18 7.14 0.208 0.015 1.89 1.80 0.10 2.66 1.87
8.00 8.14 215 8.62 7.59 0.189 0.013 1.83 1.78 0.10 2.60 1.85
8.51 8.65 175 9.09 8.16 0.199 0.015 1.63 1.76 0.10 2.45 1.83
9.02 9.14 178 9.52 8.64 0.175 0.013 1.42 1.74 0.10 2.30 1.81
9.51 9.63 193 | 10.19 9.24 0.182 0.013 1.25 1.73 0.10 2.19 1.80
10.00 10.11 | 226 | 10.51 9.57 0.175 0.012 1.08 1.71 0.10 2.09 1.78
10.50 10.60 | 221 | 11.10 | 10.09 | 0.189 0.013 0.90 1.70 0.10 1.99 1.77
11.02 11.09 | 177 | 11.56 10.69 0.185 0.014 0.64 1.69 0.10 1.88 1.77
11.51 11.58 | 173 | 12.20 10.77 0.184 0.014 0.61 1.69 0.10 1.86 1.76
12.01 12.07 | 196 | 13.17 11.67 0.187 0.013 0.47 1.68 0.10 1.81 1.75
12.51 12.56 | 208 | 12.98 | 12.18 | 0.180 0.012 0.42 1.67 0.10 1.79 1.74
13.00 13.04 | 157 | 13.51 12.64 | 0.174 0.014 0.31 1.67 0.10 1.76 1.74
13.48 13.51 | 117 | 13.99 13.15 0.166 0.015 0.18 1.66 0.10 1.74 1.73
13.97 13.98 75 14.43 13.60 | 0.170 0.020 0.11 1.66 0.10 1.73 1.73
14.45 14.41 31 14.70 14.10 | 0.159 0.029 -0.30 1.65 0.10 1.76 1.73
14.97 14.92 21 15.18 14.59 0.174 0.038 -0.39 1.65 0.10 1.78 1.74
15.48 15.45 7 15.56 15.24 | 0.098 0.037 -0.21 1.65 0.10 1.74 1.73
15.84 15.71 4 15.80 15.63 0.083 0.042 -0.82 1.64 0.10 1.92 1.73
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6.1.4 Calibration of horizontal wind speed measurement at 58 m
Total number of used data sets: 3301

Average of v, of all used data sets: 8.563 m/s

Average of vggp Of all used data sets:  8.625 m/s
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Fig. 6.7 Scatter plot of horizontal wind speed and deviation at 58 m for the data set prior to binning.
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Fig. 6.8 Plot of bin analysis of horizontal wind speed and deviation at 58 m for the complete bins.
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Tab. 6.7 Correction functions from bin linear regression for complete bins at 58 m.
Correction Function Slope Offset R?
Fit Vrsp = Veup * Slope + Offset 0.9752 0.2632 0.9998
Inverse fit V¢, = Vrep * Slope + Offset 1.0252 -0.2677 0.9998

Tab. 6.8 Bin analysis of horizontal wind speed and deviation at 58 m. Bins over 15 m/s are incomplete.

v_Mast | v_RSD N v_RSD | v_RSD | v_RSD v_RSD Mean v_Cup Mounting v_RSD Uncertainty
max min std std/sqrt(N) | deviation | uncertainty | uncertainty | uncertainty reduced by
RSD mean
deviation
[m/s] | [m/s] | [-1 | [m/s] | [m/s] | [m/s] [m/s] [%] [%] [%] [%] [%]
4.08 4.20 34 4.49 3.92 0.133 0.023 2.87 2.19 0.10 3.73 2.38
4.50 4.61 93 4.98 4.23 0.182 0.019 2.53 2.09 0.10 3.40 2.26
5.01 513 | 116 @ 5.58 4.73 0.201 0.019 244 2.01 0.10 3.27 2.18
5.51 5.62 | 150 @ 6.19 5.17 0.187 0.015 1.94 1.94 0.10 2.87 211
5.99 6.11 | 186  6.75 5.65 0.190 0.014 1.87 1.90 0.10 2.78 2.06
6.52 6.64 | 179  7.11 6.17 0.183 0.014 1.80 1.86 0.10 2.70 2.02
6.99 7.09 | 217 @ 7.80 6.62 0.197 0.013 1.43 1.82 0.10 2.45 1.99
7.51 7.60 | 231  8.18 6.99 0.197 0.013 1.16 1.80 0.10 2.28 1.96
8.00 8.09 | 260  8.64 7.68 0.182 0.011 1.02 1.78 0.10 2.19 1.94
8.51 8.57 | 240 @ 8.97 8.22 0.174 0.011 0.74 1.76 0.10 2.06 1.92
9.00 9.06 | 260 @ 9.74 8.68 0.182 0.011 0.71 1.74 0.10 2.03 191
9.50 9.56 | 275 | 9.99 9.15 0.168 0.010 0.60 1.73 0.10 1.98 1.89
9.99 10.03 | 257 | 10.66 9.56 0.182 0.011 0.35 1.71 0.10 1.91 1.88
10.52 10.53 | 218 | 10.99 9.96 0.182 0.012 0.13 1.70 0.10 1.88 1.87
11.01 11.02 | 210 | 11.67 | 10.65 | 0.189 0.013 0.12 1.69 0.10 1.87 1.86
11.50 11.46 | 148 | 11.89 | 11.08 | 0.181 0.015 -0.30 1.69 0.10 1.88 1.86
11.99 12.00 | 103 | 12.82 | 11.58 | 0.221 0.022 0.08 1.68 0.10 1.86 1.85
12.46 12.44 | 82 | 13.03 | 12.01 | 0.207 0.023 -0.18 1.67 0.10 1.86 1.85
12.91 1291 | 24 | 13.25 | 12.63 | 0.161 0.033 -0.06 1.67 0.10 1.86 1.85
13.44 13.44 9 13.65 | 13.17 | 0.156 0.052 -0.04 1.66 0.10 1.87 1.87
13.93 13.80 3 13.97 | 13.70 | 0.123 0.071 -0.98 1.66 0.10 2.13 1.90
14.45 14.18 4 1426 @ 14.12 | 0.051 0.026 -1.85 1.65 0.10 2.61 1.83
15.35 15.31 2 15.44 | 15.17 | 0.135 NA NA NA NA NA NA
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6.2 Calibration of turbulence intensity

6.2.1 Calibration of turbulence intensity at 130 m
Total number of used data sets:

Average turbulence intensity based on v_mast of all used data sets:
Average turbulence intensity based on v_RSD of all used data sets:

Raw Data  + Linear Regression

Page 34/73

Version: A

2374
0.097
0.125

0.50
mean (Iieviationl: 0.028 I—, 24.141I % '
0.45 L standard deviation of deviation: 0.035 -, 25.997 %

0.40

0.35

[m/s]

0.30 |-

0.25 |-

0.20 |

TI_RSD@130.0 m

0.05 |

y = 1.4451 x + -0.0149 |
R? - 0.8834

000 V 1 1 Il 1 1 Il

000 005 010 015 020 025 030 035 040 045 0.50

TI_Mast@130.0 m [m/s]

Fig. 6.9 Scatter plot of turbulence intensity and deviation at 130 m.
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Fig. 6.10 Plot of bin analysis of turbulence intensity and deviation at 130 m.
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6.2.2 Calibration of turbulence intensity at 125 m
Total number of used data sets:

Average turbulence intensity based on v_mast of all used data sets:
Average turbulence intensity based on v_RSD of all used data sets:

Raw Data  + Linear Regression
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Fig. 6.11 Scatter plot of turbulence intensity and deviation at 125 m.
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Fig. 6.12 Plot of bin analysis of turbulence intensity and deviation at 125 m.
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6.2.3 Calibration of turbulence intensity at 94 m
Total number of used data sets:

Average turbulence intensity based on v_mast all used data sets:
Average turbulence intensity based on v_RSD all used data sets:

Raw Data +

Linear Regression
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Fig. 6.13 Scatter plot of turbulence intensity and deviation at 94 m.
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Fig. 6.14 Plot of bin analysis of turbulence intensity and deviation at 94 m.
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6.2.4 Calibration of turbulence intensity at 58 m

Total number of used data sets: 2687
Average turbulence intensity based on v_mast all used data sets: 0.100
Average turbulence intensity based on v_RSD all used data sets: 0.113

Raw Data  + Linear Regression
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Fig. 6.15 Scatter plot of turbulence intensity and deviation at 58 m.
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Fig. 6.16 Plot of bin analysis of turbulence intensity and deviation at 58 m.
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6.3 Calibration of wind direction measurement

6.3.1 Calibration of wind direction measurement at 125 m

Total number of used data sets: 4535
Average of dir_mast of all used data sets: 180.258 deg
Average of dir_RSD of all used data sets: 177.385 deg
Raw Data  + Linear Regression
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mean deviation: -2.873 deg, -1.958 %
standard deviation of deviation: 1.891 deg, 3.961 %
300 | 8
B
£ 240 - 8
=
=]
wn
N o180 - 1
©
[m]
w
o
120 b .
[m]
60 b
y =1.0001 x + -2.8818
, L# F . . . . R®=0.9985
0 60 120 180 240 300 360
Dir_Mast@125.0 m [deg]
Fig. 6.17 Scatter plot of wind direction and deviation at 125 m.
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Fig. 6.18 Plot of bin analysis of wind direction and deviation at 125 m.
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6.4 Calibration of wind shear

6.4.1 Calibration of wind shear between 125 m and 58 m

Total number of used data sets: 3249
Average shear of v_mast signals of all used data sets:  0.210
Average shear of v_RSD signals of all used data sets:  0.220

Raw Data  + Linear Regression
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Fig. 6.19 Scatter plot of wind shear and deviation between 125 m and 58 m.
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Fig. 6.20 Plot of bin analysis of wind shear and deviation between 125 m and 58 m.
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7. COMPLIANCE WITH THE IEC STANDARD REQUIREMENTS
Criterion Minimum Standard Reported Value Crltt.erlon
fulfilled
Met mast sensors
should be compliant Thies Clima YES
with I[EC V2
Use same averaging intervals for .
LIDAR and mast measurements 10min YES
Record Avg, Std, extreme values,
number of samples in 10 min YES
period
Synchronization of RSD and mast No direct
sensors to within 1% of the N
L synchronization NO
averaging interval, test for .
i 2 established
Data acquisition synchronization once a week
Wind speed measurements
binned into 0,5 m/s and wind YES
direction binned into 5° bins
Each bin centered between 4 m/s Some bins are emoty or
and 16 m/s should have at least 3 . " Pty NO
. incomplete
pairs of measurements
The amount of acquired data shall 3315 data sets for top YES
cover at least 180 hours evaluation => 552 hours
Reference Mast and RSD free Disturbed sectors
YES
from wakes based on annex A excluded
Referelnce cup anemometer not No icing detected YES
influenced by icing
Data preparation Filtering for precipitation should
only be undertaken if required by Not required YES
manufacturer
Correct mast effects on boom Disturbed sectors
YES
mounted anemometers excluded
Use bin averaging to . .
compare the RSD and Detailed procedure presented in YES
annex L.3 of the standard
Mast measurement
Calculate the total Follow recommendations of YES

uncertainty of the RSD

Annex L.4.2 of the standard

* Due to a lack of high wind speeds during the calibration period, some bins are empty or incomplete.
The RSD measurement uncertainty could not be evaluated for these bins. The impact of the effect is
larger for the levels closer to the ground. UL believes that the most sensitive wind speed range for
wind turbine power production is covered. Furthermore, based on the wind speed measurement
principle of the RSD as well as the data available in the sparsely populated bins it is reasonable to
assume that a correction function can be applied to the wind speed range up to 16 m/s as well.
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8. CONCLUSIONS

UL performed the calibration test of the LIDAR WLS7-436 in flat terrain with an IEC compliant met
mast. The evaluation is based on simultaneous measurements ranging from 2019.08.20 to
2019.09.25. The two data bases have been filtered and evaluated following the recommendations in
the available version of the IEC 61400-12-1 Ed. 2 Annex L [2].

The correlations of the wind speeds in terms of R? are good at all heights (R? > 0.9998 for the binned
results). The RSD measurement uncertainty has been evaluated and is presented in this report bin-
wise for each evaluated height. Various correlation functions between the RSD wind speed and the
reference sensors wind speed are also presented for each evaluated height.

The correlation of wind direction measurements is very good (slope = 1.0002, R = 0.9999). The RSD
wind direction is lower than the met mast reported wind direction by a value of 3°. This is probably due
to the northing uncertainty for both met mast wind vane and RSD device.

The correlations give good results at all evaluated heights in terms of turbulence intensity. In general,
the RSD gives higher binned values (by approximately 0.02) than the reference sensors.

The correlation of calculated wind shear is good (slope = 0.9993, R? = 0,9995 for binned averages).
The RSD wind shear is higher than the met mast wind shear by approximately 0.01.

The criterion for applying a correction to a RSD measurement is given by the available version of the
IEC 61400-12-1 Ed. 2 Annex L [2] explained in section 0.

This version of the IEC 61400-12-1 Ed. 2 Annex L [2] recommends to apply a correction function if the
bin-averaged deviations exceeds the reduced uncertainty (as defined in section 5 Uncertainty
Calculation).

This criterion is reached for 12 bins for height 130 m. The bins are centered between 4 m/s and 9.5
m/s, and have in total 1556 data couple which represents 47% of the data set.

This criterion is reached for 7 bins for height 125 m. The bins are centered between 4 m/s and 7 m/s,
and have in total 719 data couple which represents 21% of the data set.

This criterion is reached for 7 bins for height 94 m. The bins are centered between 4 m/s and 7.5 m/s
excluding 7m/s , and have in total 807 data couple which represents 24% of the data set.

This criterion is reached for 4 bins for height 58 m. The bins are centered between 4 m/s and 5 m/s,
and 14.5 m/s, they have in total 247 data couple which represents 7.5% of the data set.

As the criterion has been reached for several bins at all heights, a correction function can be applied
to the data. One is free to decide on the exact form of correction to apply.

Based on the results of the calibration of this RSD, and following the recommendations of the
available version of the IEC 61400-12-1 Ed. 2 Annex L [2], the device WLS7-436 can be used with
care in a wind measurement campaign in simple terrain provided the measurement campaign begins
within one year of this calibration and the same filter settings are applied.

According to IEC 61400-12-1, a calibration shall be considered as valid if the reference anemometer is
mounted with + 25% of the planned wind turbine hub height. Since the reference anemometer for this
calibration is 130 meters, if this test were specifically for a power curve test, this calibration test would
be valid for hub heights in the height range 104 m and 173 m.

In case there is major service on the device (software update, speaker/antenna changes, etc.) the test
should be repeated before starting a measurement campaign.

Massachusetts Clean Energy Center 18 October 2019 @



West Texas Page 42/73

Calibration report of LIDAR unit “WLS7-436" Version: A

9. REFERENCES

[1]

(2]

[3]

[4]
[5]
[6]

[7]
[8]

IEC 61400-12-1, First edition 2005-12, Wind turbines - part 12-1: Power performance
measurements of electricity producing wind turbines. Here focus on the annex F, G and
Describing anemometer classification, mounting of sensors.

IEC 61400-12-1, Ed.2, 2017-03, Wind turbines - part 12-1: Power performance
measurements of electricity producing wind turbines. Here focus on the annex L.

IEA Wind, First Edition, January 2013, 15. Ground-based vertically-profiling remote sensing
for wind resource assessment.

MEASNET, “Evaluation of Site-Specific Wind Conditions”, Version 1, November 2009.
MEASNET, “Cup anemometer calibration procedure”, Version 1, September 1997.

ACCUWIND - Classification of Five Cup Anemometers According to IEC 61400-12-1, T.F.
Pedersen, J.-A. Dahlberg, Peter Busche, Ris@-R-1556(EN), May 2006/ Thies
ClimaAdvanced Anemometer data sheet.

Google Earth.
Shuttle Radar Topography Mission (SRTM) http://srtm.csi.cgiar.org/.

Massachusetts Clean Energy Center 18 October 2019 @


http://srtm.csi.cgiar.org/

West Texas

Calibration report of LIDAR unit “WLS7-436"

10. APPENDIX

10.1 Description of the test equipment

Tab. 10.1: Table of test equipment.

Page 43/73
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Installation | Dismantling . Measuring . .
Sensor Type Make Date Date Range Resolution | Accuracy Height Calibration
Wind speed Cup anemometer 03—
b Serial No: Thies Clima 2018-05-31 Still mounted ; 0.05 m/s 1% 130.0m See Sec 10.2
I, v1 75 m/s
12166019
Wind speed Cup anemometer 03—
P Serial No: Thies Clima | 2018-05-31 | Still mounted ' 0.05 m/s 1% 125.0m See Sec 10.2
I, v2 75 m/s
07176835
. Cup anemometer
Wind speed Serial No: RM.Young | 2018-05-31 | Still mounted =, 0~ 0.05 m/s 1% 122.0m
I, v3 100 m/s -
0161808
. Cup anemometer
Wind speed Serial No: Thies Clima | 2018-05-31 | Still mounted | 03~ 0.05 m/s 1% 94.0m See Sec 10.2
IV, v4 75 m/s
01180032
. Cup anemometer
Wind speed Serial No: Thies Clima | 2018-05-31 | Still mounted | 03~ 0.05 m/s 1% 58.0m See Sec 10.2
V, v5 75 m/s
03176369
Wind Wind vane
direction |, Serial No: Thies Clima 2019-08-02 | Still mounted | 0 - 360° 0.35° +0.75 % 125.0m See Sec 10.3
dir1 06190414
Wind Wind vane +0.75 % See Calibration
direction I, Serial No: Thies Clima 2019-08-02 | Still mounted 0-360° 0.35° - 0 122.0m certificate in
dir2 06190413 10.3
Wind Wind vane +0.75 %
direction llI, Serial No: Thies Clima 2019-08-02 | Still mounted | 0 - 360° 0.35° - 0 94.0m See Sec 10.3
dir3 06190412
Wind Wind vane +0.75 %
direction I, Serial No: Thies Clima 2019-08-02 | Still mounted | 0 - 360° 0.35° - 0 58.0m See Sec 10.3
dird 06190411
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Air
temperature
T1

Relative
Humidity
H1

Air pressure
P1
Air
temperature
T2

Relative
Humidity
H2

Air pressure
P2

Data
acquisition
system

Serial No:
183591

Serial No:
183591

Serial No:
N1720456

Serial No:
176894

Serial No:
176894

Serial No:
N1720454

Data logger
Serial No.:
2438

Galltec/Mela
KPC1.S/6-
ME

Galltec/Mela
KPC1.S/6-
ME

Vaisala
PTB110

Galltec/Mela
KPC1.S/6-
ME

Galltec/Mela

KPC1.S/6-
ME

Vaisala
PTB110

CR1000X

Massachusetts Clean Energy Center

2018-05-31

2018-05-31

2018-05-31

2018-05-31

2018-05-31

2018-05-31

2018-06-12

Still mounted

Still mounted

Still mounted

Still mounted

Still mounted

Still mounted

Still mounted

-35
°C...+70°

0...100 %

610 —
1100
mbar

-35°C
...+70°C

0...100%

610 —
1100
mbar
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analogue

analogue

+0.03 hPA

analogue

analogue

+0.03 hPA

10.2°K

+ % for
range
5...95%
at 10...40
°C

+0.15 hPa

$0.2°K

+ % for
range
5..95%
at 10...40
°C

1#0.15 hPa

121.0m

121.0 m

121.0m

10.0 m

10.0 m

10.0 m

See Sec 10.4

See Sec 10.4

See Sec 10.4

See Sec 10.4

See Sec 10.4

See Sec 104

See Sec 10.5
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10.2 Anemometer calibration protocols

10.2.1 Calibration protocol v,

1710103
Pagel/d D&
Seite 15140-01-00
Deutsche WindGuard DEUTSCHE o12017
Wind Tunnel Services GmbH, Varel WINDGUARD - B —
Calibration object Cup Anemometer
Faltviergegenstand
accredited by the / akkreditiert durch die
. o Callbration procedure + Deutsche WindGuard Wind Tunnel Services: QM-KL-AK-VA
Deutsche Akkreditierungsstelle GmbH Ba u DAKKS Hatriervefahren Based on following standarcs:
i -"%/’:\\‘;; Dratache * MEASNET: Anemometer calibration procedure
as calibration y in the [ als Kalibric iurmn im o Mimiitermle + IEC 61400-12-1: Power performance measurements of electricity producing
wind turbines
Deutschen Kalibrierdienst DKD + IEC §1400-12-2: Pawer performance of electricity producing wind turbines
1710103
based an nacelle anememetry
o5 +150 3968: Measurement of fluid in closed conduits
Calibration certificate Calibration mark ~ |15140-01.00] * 150 16622 - Sonic
Kallbrierschein Kalbrierzeichen 01/2017
Place of calibration Windtunne! of Deutsche WindGuard WindTunnel Services GmeH, Varel
Gt er Klrierung
Object Cup Anemometer This calibeation certificate  documents  the . "
Gegenstund traceability to national standards, which realire Tt conditions wind tnnel area 10000 ¢
the units of measurement sccording to the ter frontal 230 cm?
Manufacturer Thias Clima Intermational System of Units (5} Fremometer frontalarea o
D-32083 Gattingen e DAKKS is signatory 1o the multilatersl diameter of mounting pipe 38 mm
agreements of the European co-operation for 1
Type 4.3351.00.000 coreditation [EA) and of the International blackage ratio 0023
kd Laboratory Accreditation Caoperation ILAC) for
Serlal number 12166019 the mutual reeognition of calibration certificatas. softuare version 784
FalvitoSeren i The wsar is obliged to have the object

D ta the specal construction of he test sectian na bcckage correciion [s ecessary.
recalibrated ot apprapriate Intervals,

Customer UL Intamational GmbH - DEWI Oieser Kalbrierschein dokumentlert die Riick-
Auficoagecer D-26382 Wilhelmshaven fubrung ouf ootioaole Normale ur Darsteliung bi it air tamps 182°C+0.1°C
der Einheiten In Ubereinstimmung mit dem umgepungrbedgunEn
Order No. 3710001689 {fternationaien Einbeitensystem (Si air pressure 1018.5hPa£0.3 hPa
Auftengsmammer. Ole DARKS st Unterzeichner dér multitateraten
Ubereinkormen der Furopean co-operation for relative air humidity 3BA%+20%
Praject No. V7161153 Accreditation (EA) und  der loternational
Froiimummer
Loborotery Accratetion Goopsration (ILAC) 2ut y P uncertainty assigned to the measurement resultsis obtained by
yxmg!u!fmsﬂ 4 g;f;"f;”;’!;:k:"":;";”a’: ‘:::::f’fm?’;:; Messunsifedet multiplying the standard uncertainty by the coverage factor k = 2. It has been
Wiederholung ,;’: m;,,imf:g st der Benutzer determined in accordance with DAKKS-DKD-3. The value of the measurand fies
Date of Calibration 02.01.2017 eromeartion. within the assigned range of values with a probability of 95%,
Erigcing The reference fiow speed measurement is traceable to the German NMI
(Phy: <h dard for flow speed. Itis realized
by using = PTB owned and callbrated Laser Doppler Anemometer (Standard
Uncertainty 0.2 %, ke2)
Tis callbration cetificate may not be reproduced other than In full except with the parmissicn of bath the German o remars B

Acereditation Bory and the issuing laboratory. Calibration cartificatas without signature are not velid, This calibration
certiicate has been generated electranically.
bt !

dorf pur volstindi e sinderungen beclifen der
sawohl dev t: T h i
Dieser erzeugt.
Gate Head of tne caliration leboeamory Farson i charge
Gotum Litepdes Kevieroborotarims aearbeiter
02.01.2007
- Ui
Oipl, Phys. Cicter Westermarn Oiplng () Catharig Haretd
Sch a _ DEUTSCHE .
Wind Tunnel Services GmbH, Varel WINDGUARD

Massachusetts Clean Energy Center 18 October 2019
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Calibration report of LIDAR unit “WLS7-436"

1710103

Page3/4 Dok-
sete 15140-01.00
01/2017
Calibration result
Kalbrierargetnis
sensor st Tunnel speed
He s
#2560 ans
123087 so1
166893 7915
1582 9550 0051
54878 1362 osz
7678 13501 o052
139,448 1545 os2
18630 1247 sos
s 12964 ans2
231680 0915 as
188625 a2 Qs
185,968 = assa
103150 500 ous0
e 1730109
Statistical analysis Siope 0.04591 {m/s)/{Hz) 20.00007 {r/s)/{Hz)
Offset 0.2591 m/s +0.015 m/s
Standard error (Y] 0.015 m/s

Correlation coefficient  D.999988

Remarks The calibrated sensor complies with the
demanded linear|ty of MEASNET

DEUY;E;H;W inﬂ;: I rd7

Page 46/73

Version: A

1710103

Page 4 /4 Dk
seite 15140.01.00|
01/2017
G:}h\tal representation of the result
Grafische Gurstefung oes Ergebises
Calibration No: 1710103; 12166019;
20 i i 0.2
" ind i |
|
| .
18{ | - o
g 10 f . . o 5 s |
W .. . |
H . | 3_; |
© . =
sf boat o4
|
] 0.2
[] 40 80 120 160 200 240 280 320 360 400

Sensor out | Hz
Calcutaled outpt at 10 mvs: 212.2 Hz
* Flowspssd + Resicuss

Phota of the measurement setup

Fotw des iessaufaus

17 Cal. Mo 110103 &t 12186019

Remark: The progartions of the sat-up may 1ot be true to scale due ta imaging geometry.

DeulscheWind‘G_ua“m — . ook

Wind Tunnel Services GmbH, Varel

Massachusetts Clean Energy Center

DEVTSCHE
WINDGUARD

‘Wind Tunnel Services GmbH, Vare|

18 October 2019




West Texas

Calibration report of LIiDAR unit “WLS7-436"
10.2.2 Calibration protocol v,

DEUTSCHE

WINDGUARD

Deutsche WindGuard

Wind Tunnel Services GmbH IECRE and MEASNET approved test laboratory

accredited by the / akkreditiert durch die

Deutsche Akkreditierungsstelle GmbH gy (( pAKKS

Deutsche
[ —
DRASIAG01-00

as calibration laboratory in the / als Kalibrierlaboratorium im

Deutschen Kalibrierdienst 1713081
s

Calibration certificate Calibration mark

Kalibrierschein Kalibrierzeichen 07/2017

Object Cup Anemometer This calibration certificate  documents the

Gaganstand traceability to national standards, which reslize
the units of measurement according to the

Manufacturer Intemational system of Units (S

Harstalar The DAKKS i signatory to the multilateral
agreements of the European co-operation for

Type it (EA) and of the

e Lsboratary Accreditation Cooperation {ILAC) for

_ the mutual recagrition of calibration certificates.
Serial number 07176835 The user rimgmlugaa to have the object
" recalibrated at appropriate intervals.

Customer UL International GmbH - DEWI Dieser Kolibrierschein dokumentiert die Ruck-

Auftraggebar D-26382 Wilhelmshaven Jfahrung auf nationgle Normale zur Dorstellng
der inbeiten in instir mit dem
Internationalen Einheitensystem [S1).

Emmn 3710002603 Die DAkks ist unterzeichner der muitilateralen
Uibereinkommen der European co-operation for

Project No. VT170756 jon (€A} und der i

Projaktmummer Laboratory Accreditation Coaperation {ILAC)

it der

Number of pages & Fir die Einhaltumg einer ongemessenen Frist zur
Wiederhalung der Kafibrierung ist der Senutzer

Date of Calibration 28.07.2017 verantwortiich.

Datum der Kalibrierung

This calibration certificate may not be repraduced other than in full except with the permission of both the German
Accreditation Body and the issuing laboratory. Calibration certificates without signature are not valid. This calibration
certificate has been generated electronically.

Dieser kalibrierschein darf nur vollstindiq und unverd itet werden. Auszig inden i
sowohi der Deutschen auch des
o et ;
218.07.2017
i P s e a1,

Massachusetts Clean Energy Center

Page 47/73

Version: A

1713081
Page2 /4 ok
Sere 151400100
07/2017
Calibration object Cup Anemometer
Kalbrisrgoganstand
cal

ration procedure = Deutsche WindGuard Wind Tunnel Services: OQM-KL-AK-VA
prvefativan Based on following standards

« MEASNET: Anemometer calibration procedure
« IEC 61400-12-1: Power performance measuraments of lectricity producing
wind turbines
- IEC 61400-12-2: Power performance of electricity producing wind turbines
based on nacelle anemometry
« 150 3966: Measurement of flid in closed conduits

- 150 16622 gy - Sonic
Place of calibration of Deutsche Services GmbH, Varel
Gre dor Raorisrung
Test conditions wind tunne! area 10000 cm®
Mezsboding an

@nemometer frontal area 230 em®

diameter of mounting pipe 34 mm

blockage ratio ¥ 0023 1]

software version 77

) Due to the special construction of the test section o blockage correction s necessary.

i i sir 250°C£01°C

Umgstungsbasingungen

air pressure 1007.3hPa 203 hPa

relative air humidity SL7%:20%
Measurement uncertainty The expanded inty assigned to the results is
Messunsicherheit

multiplying the standard uncertainty by the coverage factor i=2. It has been
determined in accordance with DAKKS-DKD-3. The value of the measurand ies
within the assigned range of values with a probability of 35%.

The referance flow speed is tracasble to th
[Physikalisch-Technische Bundesanstatt) standard for fiow speed. It is realized
by using a PTB owned and calibrated Laser Doppler Anemometer (Standard
Uncertainty 0.2 %, #=2)

Additional remarks -

Zusdeclichs Anmerkungen
Deutsche WindGuard DEUTSCHE
Wind Tunnel Services GmbH, Varel WINDGUARD

18 October 2019
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Calibration report of LIDAR unit “WLS7-436"

1713081
Page3 /4 oK
Sere 151400100
072017
Calibration result
Xalbrierergabns
Senzor Tunnel Speed Uncertainy
e s mis
s1a78 3971 0050
1ma8e 5587 oo
166589 7507 L=
210873 LR 052
mam 1w0e 0esz
297,036 13577 nesz
330480 15883 0053
s ) nesz
man 1200 052
231783 10502 0esz
187,688 6504 oes1
145480 6956 0051
101578 4916 oes0
Fie: 7s3c81
Statistical analysis Slope 0.04607 (m/s)/{Hz) £0.00007 (mys)/[Hz)
Offser 02288 m/s £0.016 m/s
Standard error {¥) 0.016 mfs

Correlation coefficient  0.999987

Remarks The calibrated sensor complies with the
demanded linearity of MEASNET
Deutsche WindGuard DEUTSCHE
Wind Tunnel Services GmbH, Varel WINDGUARD

Massachusetts Clean Energy Center

Page 48/73

Version: A

1713081
Paged /4 ok
Seies 15140-01.00)
07/2017
Graphical representation of the result
Groafische Darstailung das Ergebrisses
Calibration No: 1713081; 07176835;
20 {peamcre 0.2
WindGuard
15 04
- o
E =
3 . . £
. . 2
& w . B . v 3
H . -1
H N . . T
H . -4
5
.
5 . 01
o 0z
0 50 100 150 200 300 350 400
Sensor i Hz

Calculated output at 10 nvs: 2121 Hz

* Tunnel Spesd +  Residuals

Photo of the measurement setup
Fota des Messaufbas

=
26.07.2017 _Cal Mo, 1713081 _&N; 07176835
- 2

Remark: The proportions of the set-up may not be true ta scale due to imaging gzometry.

Deutsche WindGuard
‘Wind Tunnel Services GmbH, Varel

18 October 2019
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10.2.3 Calibration protocol v,

1810507
o
DEUTSCHE Tage2/e lis140.01.00
WINDGUARD or/a01s
Deutsche WindGuard s
Wind Tunnel Services GmbH IECRE and MEASNET approved test laboratory W&‘ZSE“ Clp Anemmornetes
Calibration procedure * Deytsche WindGuar: i i VA li bri 14
Kotepvegarien

accredited by the / akkreditiert durch die
—
Deutsche Akkreditierungsstelle GmbH % {( DAkis

Based on following standards:
 MEASNET ANEMOMETER CALIBRATION PROCEDURE Version 2 / 200
« IEC 61400-12-1:2017 Power performance measurements of electricity
producing wind turbines

as calibration laboratory in the / als Kalibrierlaboratorium im k> oo -R—— = [EC 61400-12-2:2013 Power performance of electricity producing wind
D-H-15140-01-00 turbines based on nacelle anemamet
Deutschen Kalibrierdienst 150 3956:2008 Measurament of fluid in closed conduits
DKD 1810507 « 150 166222002 ~Sonic mometer
DK-
Calibration certificate Calibration mark ~ [15140-01-00 Place of calibration Wind tunnel of Deutsche WindGuard WindTunnel Services GmbH, Varel
e rt der Rlibrierung
Kailbrierschein Kalibrierzeichen /2018
- — =13 Test conditions wind tunnel area 10000 cm® B
Object Cup Anemometer This calibration certificate documents the anemometer frontal area 230cm?
Gegenstand traceability to national standards, which realize
the units of measurement according to the diameter of mounting pipe 34 mm EN 10217
Manutacturer Thies Clima International System of Urits (5I). .
D-37083 Géttingen The DAKKS Is signatery to the multilateral blockage ratio 0023(]
agreements of the European co-operation for
Type 4.3351.00.000 Acereditation (EA) and of the International software version 27
e Laboratory Accreditation Cooperation (ILAC) for 1 test section no s necessary.
the mutual recognitian of calibration cerlificates.
mlmi 01180032 The user i oblged to have the object
recallbrated at appropriate intervals. Ambient conditions air temperature 215°C£01°C
Customer UL International GmbH - DEWI Dleser Kalibrierschein dokumentiert die Rick- Umgebungsbecingungen
Auftroggeber D-26382 Wilhelmshaven fithvung ouf nationale Normale zur Derstellung alr pressure 9957 hPa03hPa
der Einheiten in Ubereinstimmung mit dem
Order No. 710003238 nternationaten Bineitensystem {51 relative air humidity 367%£20%
Auftragseumimer Oie DAKES ist Unterzeichaer der multiateraien
Ubereinkommen der European co-operation for Measurement uncertainty The expanded uncertalnty assigned to the measurement results is obtained by
Mm ::." VT180142 Accreditation  (EA] und  der International Messumsicherhelt multiplying the standard uncertainty by the coverage factor k=2, It has been
Laboratory Accreditotian Cogperation (ILAC) aut determined in accordance with DAKKS-DKD-3. The walue of the measurand lies
Number of pages a gegenseltipen Anerkennung der Kokbrierscheine. within the assigned range of values with a probability of 95%.
Aazob der Selten Far die Einhattung einer ongemessenen Frist zur :
The reference flow speed measurement is tracesble to the German NMI
Wiederholung der Kalibrierung ist der Benutzer
Date of Calibration 01022018 verontwortion. (Physikalisch-Technische Bundesanstalt) standard for flow speed., It s realized
Kallrlerung by using a PTB owned and calibrated Laser Doppler Anemometer (Standard
Uncertainty 0.2 %, k=2)
This calibration certificate may not be reproduced other than in full except with the permission of both the German Additional remarks
Accredin Zustialiche Anmerkungen

Body and the issuing aboratory. Calibration certificates Withaut signature are not valid. This calibration
certificate has been generated electronically.
mem Kallorirschein darf nur vallstindia und unverdndert weiterverbreitet werden. Auszige oder Anderungen bedirfen der

enehmigung sowohl der Deutscher als auch des
ift haben i
o Vead of the
Datum Leit des fafbwiedlcboratoriums Deorteiler
01.02.2018
. Oﬁ-ﬁ:’ma___, B. ek
Dipl. Phys. Digter Westermann Techniker Bendix Schite
Deutsche WindGuard DEUTSCHE
Wind Tunnel Services GmbH, Varel WINDGUARD
1810507 1810507
[T Pagedfa o
E:E‘E3l4 15140-01-00| S:\t‘i 15
02/2018 02/2018
Calibration result Graphical representation llflhrr:wll
Kakbrerergetns rafsche Dorsteflung des Ergebis
Sensor Tumnel Speed Uncertalnty Calibration No: 1810507; 01180032;
20 (e 0.2
m s s WindGurd
BL120 Fre 0050 |
123572 5890 0051 |
.
165.682 7880 0,081 18 4 0.1
209.967 5899 0051 § *
g 1 00s2 3 . H
105350 e oost H v s L2 . ]
& 10 t . . - L] 0
3901 1580 o2 -] » . 2
s16em 18,80 005z £ ' . N H
— i 5 { - - &
275488 12688 0082 = <
230,849 10878 0052 & r 04
187,361 8.868 01051 '
15 668 6034 051 |
101652 4915 0050
o 02
e, 1810507 L] 50 100 180 200 260 300 380 400
Sensor [ He
Caiculatod output at 10 ms: 212.2 Ha
* TunnelSpesd - Residuals:
Statistical analysis Slope 0.04602 (m/s}/(Ha) £0.00007 {m/s}/(Hz)
Offset 0.2344 m/s 20,015 m/s
/ 4 Photo of the measurement setup
Standard error () 0.015m/s Foto des Messafocus
Correlation coefficient 0.99939 M8 Cal No., 1810507 5N 01180052
-
Remarks The calibrated sensor complies with the “m 4Gy a
demanded linearity of MEASNET £y
Remark; The proporians of the st-up may not be true ta scale due to imaging geametry.
Deutsche WindGuard DEUTSCHE Deutsche WindGuard o DEUTSCHE
Wind Tunnel Services GmbH, Varel WINDGUARD Wind Tunnel Services GmbH, Varel WINDGUARD

Massachusetts Clean Energy Center

18 October 2019
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Calibration report of LIDAR unit “WLS7-436"

10.2.4 Calibration protocol vs

DEUTSCHE

WINDGUARD

'CRE
Deutsche WindGuard -
Wind Tunnel Services GmbH IECRE and MEASNET approved test laboratary

accredited by the / akkreditiert durch die
L,
Deutsche Akkreditierungsstelle GmbH  foas
. et (DA

i it -.&Z_" Alsedtmnngsiele
as inthe / als i ~ Aizedtenopu
Deutschen Kalibrierdienst DKD S

Ok
Calibration certificate Calibration mark
Kalibrierschein Kalrierzeichen 03/2017
Object Cup Anemameter This calibration certficate documents the
Gegenstandd tracesbiity to national standards, which resiize
the units of measurament according to the
Manufacturer Thies Clima Intermational System of Units (31).
Herstefier 0-37083 Gotzingen The DAKKS [s signatory to the multisteral
agreaments of the European co-operation for
Type 4335100000 Accreditation (EA) and of the International
L Laboratary Accreditation Cosperation (ILAC) for
N the mutual recognition of ealibration certificates,
Saetal nuvtr, D The user i cbliged w have the cbject
recalibrated at appropriate intarvals
UL International GmbH - DEWI Dleser wolibvierschein dokumentiert dle Rick-
Auftraggeber D-26382 Wilhelmshaven fithrung auf nationale Normale 2ur Borsteliung
der Einheiten in Ubereinstimmung mit dem
y 88371002454 Internationalen Einheitensystem {SI)
it B 00 Die DAKES st Unterzeicher dev moltioterolen
Ubereinkommen der Eurapean co-aperation for
Project No. VT170352 Accreditetion (EA] wnd der intrrnatianol
s o Laboratary Accreditation Cooperation (ILAC) zur
a4 gegenseltigen Anerkennung der Kallbrierscheine.
bl FUr die Eimhaltung einer angemessenen Frist 2ur
Wiederhalung der Katibrienung ist der Benutzer
Date of Calibration 3003.2017 verantwartich.
Oarum der Kalibrierung

This callbration certificate may ot be repreduced other than in full sxcept with the permission of both the German
Accreditation Bady and the issuing laborstory. Calibration cartificates withaut signature are nat valid. This calibration
cerdificate has been ganerated electranically.

Dieser darf aur vollstinallg i werden. Austiige oder Anderungen bedifen der
Genshimigung sowahl der Devtschen afs auch des i i

ahne Unterschrift haben kelne Glitipkeit. Gleser Kaltbrierschein wurde elektronisch evzeugt

Date, Head af tha callbratian lsboratary Pesson In charge
Datwm LaiTeg des Kb e abaseloviurms. Beorbeiter
30.03.2017 1’ ”’
. Oﬂ P
Dipl. Phys. Dister Westermann Aling Ao, 8. Eng

Massachusetts Clean Energy Center

Page 51/73

Version: A

1711469
Page2/4 o
suite 15140.01.00
03/2017
Caibration object Cup Anememeter
Kaibriergeensiood
Calibration procedure = Deutsche WindGuard Wind Tunnel Services: QM-KL-AK-VA
Fattriervefabren

Based on following standards:

* MEASNET: Anemometer calibration procedure

« IEC 61400-12-1: Pawer performance measurements of electricity producing
wind turbines

* IEC 61400-12-2: Power of electricity p Rwind turbines
based on nacelle anemometry

* 150 3966: Measurement of fiuid in dosed conduits

* 150 16622 - Sonic

Place of calibretion Windtuiiel ul Deutsche WindGuard WindTunnel Sennces moH, varel
et der Kallbrierung
Test conditions wind tunnel area 10000 ¢’
=

anemometer frontal area 230 em?

diameter of mounting pipe Wmm

blockage ratio ¥ Q023

saftware version 764

A ueto th of the test s necassany
Ambient conditions. air temperature 235°C401°C
mgenungsbedingungen

air pressure 1021.3 hPa £ 0.3 hPa

relative air humidity 79%£20%
Measurement uncertainty The expanded uncertainty assigned to the measurement results is obtained by
Messunsicherbet

multiplying the standard uncertainty by the coverage factor k = 2. It has been
determined In aceordance with DAKKS-DKD-3. The value of the measurand lies
within the assigned range of values with a probability of 95%.

The reference flow speed measurement is traceable to the German NI
IPhysikalisch-Technische Bundesanstalt} standard for flow speed. It is realized
by using a PTH owned and ealibrated Laser Doppler Anemormeter (Standard
Uncertainty 0.2 %, ke2)

Additional remarks .

2usBtNche Anmerkurgen

Deutsche WindGuard N T oemor
Wind Tunnel Services GmbH, Varel WINDGUARD

18 October 2019
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1711469
Page3/a ok
Sate 15140-01-00 |
03/2017
Calibration result
Fabrereagetns
Sensar output Turael speed Uncersainty fk-1)
He s s
2207 136 (=
15 e ooso
166,688 7509 [T
210295 sen s
=411 11555 sz
96,050 13877 sz
330766 1582 (1=
am 14860 oSt
775 80 12883 o061
13 10521 [T
187.419 Bas o051
245,107 s7 o051
202450 ast o050
s usoss
Statistical analysis Slope 0.04607 (m//s)(Hz) £0.00007 (s} (Hz)
Offset 0.2339 rfs 10.016 m/s
Standard error (¥) 0.016 m/s
Correlation coefficient  0.999987
Remarks The calibrated sensor complies with the
demanded linearity of MEASNET
Deutsche WindGuard DEUTSCHE
Wind Tunnel Services GmbH, Varel WINDGUARI

Massachusetts Clean Energy Center
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Version: A

1711469
Paged 4 Dt
st
03/2017
Graphical
e Buoner ses e result
® Galibration No: 1711489; 03176369;
Pt e
15 B o
t ool o 1
g w0 v . T i . o 3
¥ ! . . 3
! - i
5 - 0.1
o Joz2
o a0 a0 280 a0 a0 400

160 200 240
‘Sensor output f Hz
© Fewsposd + Rasidush

Gaiculated outpu at 10 m's: 212 Hz

Phato of the measurement setup
Foto des Messaufhaus

— e
30.03.2017 _Cal. Mo 1711480 Sh: 03176260
- "

Deutsche WindGuard R
Wind Tunnel Services GmbH, Varel

18 October 2019

Remark: Tha proportions of the set-up may not be true to scale due to imaging geomatry.
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10.3 Wind vane calibration protocol

10.3.1 Calibration protocol dir,

1922036
Page2/6 .
DEUTSCHE Seite 15130-01-00
WINDGUARD 062018
Deutsche Win r
% dGuard Calibration object Wind Vane
Wind Tunnel Services GmbH IECRE and MEASNET approved test laboratory e
Calibration pracedure 1EC61400-12-1:2017
KRt reranmen
accredited by the [ akkreditiert durch die
) Place of calibration Wind tunnel of Deutsche WindGuard WindTunnel Services GmbH, Varel
Deutsche Akkreditierungsstelle GmbH « DAKKS e e ratbierung
Deutscte 2
as calibration laboratory in the / als Kalibrierlaboratorfum im ol P2 o R — 10000 e
anermaemeter frontal area 200 cm?
Deutschen Kalibrierdienst
DKD 1922036 diameter of mounting pipe 33.7 mm
g B blockage ratie 1 0.020[-]
Calibration certificate Calibration mark
Kalibrierschein Koltbrieraeichan 06/2019 software version P_8.0.03
U D to the specal the test section no
Objeet Wind Vane This calloration cestificate  documents  the
Gepenstong y 10 national standards, which realize Ambient conditions air tamperature: 262°C£01°C
T the units of measurement according to the umgebungdecingungen
Manufacturer Thies Clima International System of Units (S1] Bir pressure 1010.1 hPa £ 0.3 hPa
e D-37083 Géttingen The DAKS is wgnatory to the multilsersl
e of tha Dy woopwnsn relative air humidity 626%£20%
Type 4315100212 Accreditatian (€A} and of the International
ks Labaratery Accreditation Cocperation (ILAC) for Measurement uncartainty The expanded uncertainty assigned to the measurement results is obtained by
Serial number 06190414 [r:! mutual recagnition of ealibration certificates. WestiR ‘multiplying the standard uncertainty by the coverage factar ks2. It has been
Fohrikat/Sorign-NF. i ol ‘:"::'r‘:::’h;m:;\;s the - oblect determined in accardance with DAkkS-DKD-3. The value of the measurand lles
| ’
Customer UL International GmiH - DEW! Disser Kalibrierschein dokumentiert die Riick- within the assigned range of values with a probability of 955.
eter . " The reference flow speed measurement is traceable ta the German NMI
D-26382 Wilhelmshaven fihrung auf nationale Narmale zur Dersteling Rt h " tor i o K real
der Einheiten i Cberemstmmng mit. dern {Physikallsch-Technische Bundesanstalt) standard for flow speed. It is realized
Order Na. 3710004958 Internotionalen Einheitensystem (Si). 5y using & T8 owned and calibrated Laser Doppler Anemometer (Standard
Auftragsnummer Die DAKES ist Unterzeichner der multiicteraien Uncertainty 0.2 %, k=2)
Obereinkommen der European co-operation for
Project o, V1180539 Accreditotion (A und  der  ntemotional Additional remarks
TeRRA Labaratary Accreditation Cooperation (iLAC) sur Zusttaiche Anmertungen
Number of pages 6 gegenseitigen Anerkennung der Kalibrisrseheine.
Ancat dev Saten Fi e Einholtung einer angemessenen Frist zur Revision ]
- 2010 Wiederhalung der Kalibrierung ist der Benutzer findom
e of Cal 20.06. mtarorii
Datun s ormang. b
This ealibration certificate may not be reproduced other than in full except with the permission of both the Germasn
Accreditation Bady and the issuing laboratory. Calibration certificates without signature are not valid. This calibration
certficate has boen generated electronically
Dieser Kallbriarscheln darf ur volstindly und urverdndert weiterverbreltet werden. Ausziige ader Anderungen bedtirfen der
i { der Deutschen ais auch des i
ohine Uinterschrift haben keine Giltigheit, Dieser Kolibrierschein wurde elektronisch erzeugt,
Date Head of the callbration labeeatory Persan In charge
Darum  des Kalibrieraharatoriums Bearbeiter
20,06.2019
Dipl. Phvys. Dieter Westermann Kai Schuster, 8. Eng.
Deutsche WindGuard DEUTSCHE
Wind Tunnel Services GmbH, Varel WINDGUARD

Massachusetts Clean Energy Center 18 October 2019
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1922036
A 21 lSl::!l—dﬂ
06/2019
Calibration result (1/3)
Kallierergebr (/3]
Relerence Reference eference Reforancs Testitem Test hem Testitom
a0 unlacy unc Yaw anie une Scarcn Wiper Ratio
s s deg deg v v -
0 005 a1 [ 8000 01z oméz
58 008 1002 am 2000 0z o302
80 05 1500 am 2000 0183 ooe1
a0 a5 1988 [ 8000 s nosen
758 055 25t o o0 ose7 om0
a0 oss 008 om 2000 oea o861
res ass 10 om a0 orsa oo
a00 o5 508 o 2000 oeu0 o
aco ass 4505 om 200 o5 o1
a0 008 005 om 8000 1138 a1e3
709 s sso1 om 2000 128 a1sa1
798 s e s aom 1364 arme
a0 aos a7 08 ac00 1478 aiss
738 oos 008 om0 2000 158 1531
798 oos o 0w 8000 1656 a0
798 oos 7559 s a0 1807 anss
798 aos #58 o0& a0m 1847 aner
730 008 sao 030 2000 2009 azs37
788 aos w801 om0 2000 210 a7
200 008 1002 080 2000 253 0.2616
am 005 10500 om0 2000 226 25
798 005 prors o0 2000 2am as0s0
73 ass 1145 om0 2000 2580 oo
798 008 11356 180 2000 250 o368
75 008 12486 %0 2001 2808 03506
7o s 1299 a8 2000 20 o347
LE as 13438 080 2000 30m e
am s w000 a8 a0 3340 03025
800 ass w501 80 2000 12 0.4066
75 aos a9 am 2000 3301 o301
75 ass 15497 080 2000 34n D434
Deutsche WindGuard DEUTSCHE
Wind Tunnel Services GmbH, Varel WINDGUARD

Massachusetts Clean Energy Center
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1922036
3
;:nl:d s 15140-01-
06/2019
Calibration result (2/3)
Noihrierergebes (2/3)
Reference FReference Feference Reference: Test item Test iterm Test itern
A uglacity Unc. Yaw angle Unc Source wipar Ratia

mfs s deg dug v v -
&00 005 16002 080 8.000 3583 04479
a0 005 15897 08 B.000 3883 A817
.99 005 17000 081 a.000 3805 a.a7ss
.99 005 17496 [ ) 2000 395 a8
a0 a0s 17996 080 B.000 4028 0.5035
.9 005 18801 o= 8.000 4140 05174
.99 005 18000 080 8.000 4252 05318
a.00 005 195.04 08 a.000 4365 05456
e a0 20008 0w 8000 aam assst
7.99 o005 0498 089 8.000 4587 0.5734
.99 005 2000 o= 8.000 4700 0580
795 005 21505 o0& 8000 4813 06016
8,00 oos 2003 DED 8,000 4823 Q.6153
799 005 2504 080 8.000 5.085 06283
7.99 005 23008 080 8.000 5146 0.6432
7.99 005 23503 D& a.000 5.258 0.6573
7.98 005 2399 080 8000 5369 06711
a.00 ons 23800 D& 8.000 5480 0.6850
199 0os 25004 DED 8,000 5.580 0.6887
70 o.0s 255.00 080 8000 5202 07127
a0 oos 26008 o080 8000 5813 0.7266
T oo 265,00 0.80 2000 5924 0.7405
a00 008 e 0.80 8000 8037 D.7546
kL) 005 275,05 0.80 8000 6146 0.78!
THs 0.0s 79,99 0.80 2000 6.255 07818
T s 285.05 0.80 8080 5358 07958
&0 008 29001 0.80 8000 6470 D.8082
& 0.05 205,00 .80 2000 6577 D221
B0 oS 300.04 0.80 8000 6530 08362
B0 008 304,85 0.80 8030 6.800 D.3499
B00 005 309,58 0.80 E000 6812 08540

Deutsche WindGuard DEUTSCHE

Wind Tunnel Services GmbH, Varel WINDGUARD

18 October 2019
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1922036 1522036
Pages /6 ok Pages/6 o
Seite. 151900100 Selty 15140-01-00
06/2019 06/2019
Calibration result (3/3) Phota of the measurement setup
Kalbrierergebnis (373) Fota des Messaufbans
Referance FReference FRefarence Referance Tastitem Testitem Testitem DA O to: W 3t 0os
Alr valority ung Vara angle Une Saurce Wiper Ratio
mis s dog deg v v -
8.00 0as 31502 o0& B.000 7005 Q.87E0
a00 oas 1998 00 £.000 7136 @.8520
799 oos 3490 o0 B.000 7.246 a.8eeT
a.a0 0as 32955 D0 8000 7358 09158
8.00 605 33501 DED B.000 1an a.9339
800 008 1399 gD B.000 2.580 03475
200 0os 344.99 0.80 8.000 7694 08617
798 oos 350,08 0.80 2000 7.808 oars
800 .05 355.00 0.80 8,000 7917 09895
Statistical analysis Slope 359.758076 deg/- é g & F
Remark: The praportians of the set-up may not be trua to scale due to imaging geamatry.
Offset -1.1566 deg.

- End of document / Ende des Dokuments -

Graphical representation of the resul
ettty of the result

Calibration No: 1922036; 061980414;

4
3
270 2
)
) 225 1 F
SR ke SO S ] 5
H
s 1385 a &
90| 2
435 3
0 -4
) 01 02 0.3 04 08 0.6 07 08 09 1
Ratio /-
 Vawlngle + Deviation
Deutsche Wlndéuard DEUTSCHE Deutsche WindGuard DEUTSCHE
Wind Tunnel Services GmbH, Varel WINDGUARD Wind Tunnel Services GmbH, Varel WINDGUARD

Massachusetts Clean Energy Center 18 October 2019



West Texas

Calibration report of LIDAR unit “WLS7-436"

10.3.2 Calibration protocol dir;

DEUTSCHE

WINDGUARD

Deutsche WindGuard !
Wind Tunnel Services GmbH IECRE and MEASNET approved test laboratory

accredited by the / akkreditiert durch die

Deutsche Akkreditierungsstelle GmbH « DAKKS

ot
as calibration laboratory in the / ais Kalibrierfaboratorium im S':T‘EEZ'ZTE“
Deutschen Kalibrierdienst DKD 1977035

o

Calibration certificate Calibration mark 15140-01-00)
Kalibrierschein Kalibrierzeichen 06/2019
Objeet Wind Vane This calibration certificate  documents the
Gegerstand traceability to national standards, which realize

the units of measurement according to the
Intermational System of Linits ()
D-37083 Gottingen The DAKGS s sgnatory to the mulistersl
sgreements of the Euragean co-cperstion for
Accreditation (E4] and of the Intemational
Laboratory Accreditation Coaperation {ILAC) for
the mutual recognition of calibrstion certificates.
b The wser s chlged to have the objoct
recalibrated at appropriate intervals.
Dieser Kalibrerschain dokumentiert die AUck-
fithrung auf nationole Nermate zur Dorstellung
der Einhelten in Ubereinstimmang mic dem

Manufacturor Thies Clima
Herstelier

Type 4.3151.00.212
L

UL Internationsl GmbH - DEWI
D-26382 Wilhelmshaven

Order No 3710004853 nternationaien Einheitensystem (SI).
Adftragsmummer Cle DAMS ist Unterzeichner der multiiaterafen
Ubereinkommen der European co-operation for
project No. 1190539 (E8) ond der "
Projektnammer tabaratory Accreditation Cooperation (ILAC) zur
Number of pages 5 geenseitigen Anarkennuny der Kalibrierscheine.
Anzat der Seiten Fir die Einkaltung einer ongemessenen Frist zur

Wiederholung aer Kafibrierung ist der Benutzer
Date of Calibration 20.06.2013 verantwartifch,
Oatum de Fabrierumy

This callbration certificate may nat be reproduced ather than in full except with the permission of both the German
Accreditation Body snd the issuing lsboratary. Calibration certificates without signature sre not valid, This callbeation
cartificate has been genarated electronicaly.

Dieser Kalibrigrschein dorf nur valstiindig und unversindert weitsruerbreitet werden, Auszige oder Anderungen beddrfen der
Genehmigung sawoh der Devsschen al die 3 i
‘ahng Unterschrift hoben keine Galtigeit. Dieser Kafibrierschein wurde elektronisch erzeugt.

Cate Head of the cabibration aboratory. Parson in charge

Datven Leitey des Kalibrieriotorotoniums Betvbeiter

2006.2019 1’ M—
[?' 0!1 g/ T — S

il Phys. Dister Westermann KaiSehister, B Eng

Massachusetts Clean Energy Center
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Version: A

1922035
Page2/6 D
seite 1544
06/201%
Calibration object Wind Vane
Kofibriergegenstand
Callbratien procedure 1EC 61400-12-1:2017
Fattriensefarven
Place of callbration wind tunnel of Deutsche WindGuard WindTunnel Services GmiH, Vare!
Ot der Kalrierung
Test conditions wind tunnel area 10000 em?
Meshedingungen
anemometer frontal area 200 cm*
diameter of mounting pipe 3.7 mm
blacksega ratic ! 0.020(]
software version P_2.003
‘IDu!bulfstiplﬂ\ ti section
i air 261°Ct0.1°C
Urmgebungshedingungen
air pressure. 1009.8 hPa £ 0.3 hPa
relative air humidity 628%220%

Measurement uncertainty
Messunsicherheit

Additional remarks
2zt

The expanded uncertainty assigned to the measurement results is obtained by
multiplying the standard uncertainty by the coverage factor k=2, It has been
determined in accordance with DAKkS-DKD-3, The value of the measurand lies
within the assigned range of values with a probability of 95%.

The reference flow speed measurement is traceable to the German NI
(Physikalisch-Technische Bundesanstalt] standard for flow speed. It Is realized
by using a FTB owned and callbrated Laser Doppler Anemometer (Standard
Uncertainty 0.2 %, k=2]

ahiche Aenerkungen
Revision o
Revisian
Deutsche WindGuard oruTSCE
‘Wind Tunnel Services GrabH, Varel WINDGUARD

18 October 2019
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Calibration report of LIDAR unit “WLS7-436"

1522035
Page3 /6 O-K-
seite 1515001
06/2019
Calibration result (1/3)
atbriergets 1173)
Raferseca Refererce [re— Autarence Testitem Toss o Test hem
Sir siarity unc Vewange Une Saurce woer Ratia
mie P dog det v Y .
780 s S0 0@ 7599 0.104 o130
750 s 1003 s 759 ozs a8
790 oas wm o s 037 a8
230 ons 1958 om noon vass ass
190 ons es om 7583 o8 acenz
790 ons 00 om0 783 0857 aen
750 oos s a 7089 o785 0856
7% 008 3156 00 7999 e a0
750 oos 508 080 2000 009 o1am
791 aos 5008 080 7385 1108 138
750 aos 5501 om0 7388 1315 s
750 a0s 6003 a8 7998 13% 0.1656
750 005 6506 a8 7998 1438 0.7
750 aos 7003 a80 o33 1540 oasss
750 aos 7502 am0 o3 1659 o0
790 ans 5007 s 7599 m 02315
790 ans w05 080 7599 18m 0235
20 oos e 080 R 991 o268
2% o5 a7 om0 759 2004 283
730 oos 10000 om0 7999 2ms 02783
73 o 10158 o 8 238 02008
9 s 10988 os0 789 2435 a0t
750 ocs 1457 080 7309 2547 oatet
= oos 12000 as0 7308 2658 CEEE)
75 e 12508 s 7m0 270 03963
791 005 12997 [ 7935 288 03599
750 005 13988 080 200 2900 osms
750 005 13085 080 7a08 310 osere
750 ats 14500 ™ 2000 3m3 o017
750 ats 1887 08 7999 3323 oetsa
750 ans 15092 s 500 3434 o
Deutsche WindGuard DeUTSCHE
Wind Tunnel Services GmbH, Varel WINDGUARD

Massachusetts Clean Energy Center
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1922035
Paged /6 [
seite 15140-01-00|
06/2019
Calibration result (2/3)
Kallbvterergelins (2/3]
Rsfarance Referer ce Refersnca Refererce Tastiam Test item Test item
Airvelecity ure Yo angle une Saurce wiper Raiio
s s o ey v v -
790 oos 15856 ) 898 545 .31
750 nos 16459 a8 7588 3656 a5
20 oos 16995 om0 7998 EE 070
750 008 17098 om0 7999 04850
o0 [ 18000 am 790 ©.asma
780 a5 18499 a8 000 a5tz
750 aas =97 o 999 asa6
790 05 19500 [ 7989 asi08
780 005 0003 nan a000 a5,
20 005 6 e 7588 05662
730 s .58 e 7389 2857 asan
780 005 2500 w0 7399 am LE]
7 005 20,04 a0 2000 e 05103
750 ass 72498 a8 8000 453 6220
750 aos =003 [ 5000 5.0 o638
751 005 2502 080 7558 5316 s
7.0 005 239395 080 800 5325 s
90 ags 2458 080 7599 5438 L
790 0os 2997 030 8000 5548 06936
731 oos 285,00 080 788 5658 aors
79 nos 26008 080 #a00 sz arns
73 nos 2600 260 2050 548 o735
730 nes E ] as0 2000 5996 o785
750 0o a7 aso s000 a7 o763
781 a0s 004 08 2o 1) ]
750 ags s om Eooa 6328 arm
750 ags EE 2 68 6000 6434 Qg0
750 o5 ;02 s Boco 6551 asrr
750 o5 ooz e 8000 6652 LE
781 oos 453 a8 7909 6762 ey
790 0s s L) 8500 s o504
Deutsche WindGuard DEUTSCHE
Wind Tunnel Services GmbH, Varel WINDGUARD

18 October 2019
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Calibration report of LIDAR unit “WLS7-436"

1522035
[
Page5/6
Sz 15140-01-00
06/2019
Calibration result (3/3)
Kallbrieoergetais (3/3)
Raference Reference FRefarance Reference Tast itam Test tem Tastitem
Air walacity Une Yaw angla Unc Source ‘Wiper Ratio
mis s deg dog v v
780 008 34897 080 7999 [ 08735
780 008 R 080 &.cod .05 05875
7.80 o5 32493 osa B.Lo0 rm 0.8016
790 oos 33001 2 B.000 738 0.ms7T
73 oos 33508 C.E0 4.000 1437 0.9256
T oos 34008 .80 7999 7.550 05338
70 oos 395,08 0.80 7999 7662 0.9579
790 o.0s 350,01 0.80 T909 rm oanr
750 005 38502 0.80 T98% 74885 0.3862
Statistical analysis Slope 359.970027 deg/-

Offset 10,3876 deg.

Graphical representation of the result
Grafhche Durstellang des Ergebnizses

Calibration No: 1922035; 06190413;

360 [fvinci
WindGuard

s

etea e

£
3 180 [ wrantt e
E

*ane

=
Deviation deg

ves,
135 4
L 2
45 3
o 4
0 a1 02 03 04 0.5 08 oy o8 09 1
Ratio/ -
+ Yawhngle + Deviation
Deutsche WindGuard DEUTSCHE
Wind Turnel Services GmbH, Varel WINDGUARD

Massachusetts Clean Energy Center
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Version: A

1922035

DK~
15140-01-00

06/2019

Photo of the measurement setup
Fata des Messaaflious

-End of document / Ende des Dokuments -

Deutsche WindGuard
Wind Tunnel Services GmbH, Vare|

18 October 2019
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Calibration report of LIDAR unit “WLS7-436" Version: A

10.3.3 Calibration protocol dir;

DEUTSCHE

WINDGUARD

Deutsche WindGuard
Wind Tunnel Services GmbH

IECRE and MEASNET approved test labaratory

accredited by the / akkreditiert durch die
Deutsche Akkreditierungsstelle GmbH

as calibration laboratory in the / als Kalibrierlaboratorium

{{ DAKKS
Deutsche
et .

im

Deutschen Kalibrierdienst DKD FreTeT
0K~
Calibration certificate Calibration mark ~ |15180-01-00
Kallbrierschein Kalibrierzeichen 06/2019
object Wind Vane This caliGration certificate  documents  the
Segenstand traceability to national standards, which realiza
the units of measurement according to the
Manufacturer Thies Clima Intarnational System of Linits {31}
s D-37083 GBttingen The DAKKS Is signatary to the multilateral
agreements of the European co-operstion for
Type 4.3151.00.212 (EA) and of the i
L Labaratery Accroditation Cooperation (ILAC) for
the mutual recognition of ealibeation certificates.
Sertal number 06190412 The user is obliged to hewe the object
recalibrated at appropriate intervas.
Customer UL International GmbH - DEWI Dieser Kolibrierschein dokumentiert die Rlick-
Auferagyeber D-26382 Wilhelmshaven [fihrung auf notinole Nermate sur Darstellung
der Einhelten [n Obereinstimmang mit dem
Order No. 37100049559 Internationaten Einheitensystem (S1).
asmummer Dle DAKES ist Unterzeichner der multiioteralen
s Obereinkommen der Eurapran ca-aperation for
Project No. WT190539 Accreditation  (E4) und  der  International
Brojatncinumer Laborotory Accreditation Caoperation (ILAC) zur
Number of 6 i der
lr:hh\sfe’r!uznng:“! Filr die Eirhaltung einer angemessenen Frist zur
Wiederholung der Kollbrierung ist der Benurzer
Date of Calibration 20.06.2019 verantwartiich.
‘Datum der Kalrierueg

This calibratian certificate may not be reproduced other than In full except with the permission of beth the German
Agcreditation Body and the ssuing labaratory, Callbration certificates without signature are not walid, This callbration

certificate has been generated electronically.
Dieser Kollbrierschein dovf nur vallstindly und unverdndert welterverbreitet

werden. Ausziige odir Anderungen bedirfen der

Genehmigung sowoh! der Deutschen ats auch des it
ahne Unterschift hoben keine Galtigkeis. Diese: il ugt.
Date Head of the calibratian laberatory Persan in charge
Gotum cies Kailaneriaharatariums. Bearkelter

20,06.2019 ! }11;9‘

(lpl. Phys Digter Westermarn

Gt

Kai Schuster, 8, Eng.

Massachusetts Clean Energy Center

1922034
Page2/6 g
Saite 15140-01-00
06/2019
Calibration object Wind Vane
Kotibriergegenstand
Callbration procedure IEC §1400-12-1:2017
Kotibrienserfaboen
Placa of calibration wind tunnel of Deutsche WindGuard WindTunnel Services GmiH, Varel
Ot der Katvierung
Test conditions wind tunnel area 10000 em®
ingungen
anemometer frantal area 200 cm?
diameter of mounting pipe 3.7 mm
blackage ratis ! 0020
software version P_B.0.03
H e ta the of thetest sectian K nensssary.
air 26.0°C£01°C
Umpehungsbedingungen
alr pressure 1009.7 hPa + 0.3 hPa
relative air humidity 629%22.0%
i The certainty assigned to the messurement results s obtained by
Myrmmicharhely multiplying the standard uncertainty by the coverage factor k=2, It has been

determined in accordance with DAKKS-DKD-3. The value of the measurand lies
within the assigned range of values with a probability of 35%.

The reference flow speed measurement is traceable to the German NAI
(Physikalisch-Technische Bundesanstatt) standard for flow speed. It s realized
by using a PTB owned and calibrated Laser Doppler Anemometer (Standard
Uncertainty 0.2 %, 1=2}

Additional remarks
Zusatzliche Anmerkungen

Revision 0
Rewsion

Deutsche WindGuard DEUTSCHE
Wind Tunnel Services GmbH, Varel WINDGUARD

18 October 2019
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Calibration report of LIDAR unit “WLS7-436"

1922034
Page3 /6 i)
Seite. 15190-01-00
06/2019
Calibration result (1/3)
allbrierergebnis (173
Raferance Feference fiederence heference Tast tem Test item Test ttem
Alr valacity unc Yaw sngle Unc Source: Razic
mis s dog dug v v -
7 045 502 0.8 B000 Lilicy) 0121
750 aas 1001 0.8 £000 0208 00260
7.50 0.05 1428 o0& 2000 0320 00200
7.50 005 1995 08 2000 D431 00538
.80 008 2458 o8 B000 0535 00559
.90 005 0m os &000 [T o817
7.50 005 3497 08 2000 0763 0uasd
9 005 3999 oa £000 D.ET4 02093
750 a0s 4500 L) B000 D.5E8 01235
a0 0os 4058 ns B0O0 110 01376
7.50 005 5500 o= 8000 1nz2 01515
781 o005 B004 o 800 1315 01657
7.50 605 8502 D& 8000 1438 01795
750 o8 ta om Beoy 1847 0534
7.50 oos 504 DED 8001 1.658 0.2072
790 oos BOCO 80 001 1.768 02211
780 005 8498 DED 4001 1.880 0.2350
750 008 50.00 080 8001 1890 0.2487
750 0os 500 80 84000 2108 0.2628
7.90 005 140,00 0.80 ET 2315 0.2768
750 005 108,04 a.80 001 238 0.2308
7.80 o0s 110,08 a.80 00 2437 0.3046
7.50 005 11506 a.80 8001 2548 03186
.80 o0s 12004 0.80 8000 2660 03324
.80 005 12500 0.80 a0 27 0.3463
7.80 005 130m .80 a0m 2882 03602
7.50 005 134,85 a.80 B001 2992 03739
750 05 13098 a8 8001 3103 03878
.50 005 14496 a8 &001 3114 0.4017
.80 oas 15000 0.8 2000 1325 04156
7.50 005 15502 0.80 &001 3433 04297
Deutsche WindGuard DEUTSCHE
wind Tunnel Services GmbH, Varel WINDGUARD

Massachusetts Clean Energy Center
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1932034
-l 151::1-1-00
06/2019
S
Asfarance Reference Reference Referencs Testitem Testitem Test itam
Air welocity Une. o angle une source winer Ratie
s mis deg deg v v -
730 05 160.00 [ 8001 e D.8a36
7 008 16097 am som 3659 D57
i 08 17000 am 8001 w30 041z
750 008 02 am 8001 1883 na8s3
750 a5 17995 080 anm 3992 4290
751 a0s 18500 s 001 1305 5130
750 008 19001 s aom 4216 9536
750 005 19501 080 8001 4327 25409
750 ags w001 030 apo1 4439 asst8
750 ags 10458 o8 8001 4551 0568
750 008 n002 0m B001 aeet 0582
750 005 2499 080 a0o ams as%68
780 ags 21999 080 a0l 887 68
730 oos s osn 200 5 063
730 005 anm os0 2001 sz 030
780 005 7 080 som 5223 a8
730 005 558 080 2001 5336 e
73 008 505 080 a0 saam 06811
750 oos 25008, 080 2001 sa58 LT
730 oos 5497 L s0m S8 07085
7% 005 5559 080 anm 5782 [T
750 ocs B65.00 w80 a0a sams 7368
790 aes 9,99 a8 2001 6005 07506
750 ass a5 08 soo1 B35 0764
750 a5 2003 s 001 (=) 07785
750 ags 8505 08 ool 6341 0795
751 005 e om BooL [ 08086
750 ags 801 o8 [+ 6553 LT
750 005 08 08 =001 [ 031
750 045 30499 L B00L (= LT
750 ags 31005 08 0L s LECT
Deutsche WindGuard DEUTSCHE
Wind Tunnel Services GmbH, Varel WINDGUARD

18 October 2019
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Calibration report of LIDAR unit “WLS7-436"

1922034 1922034
Page’s /6 e Page6/6 BN
e Seite 15140.01-00
06/2019 062018
Calibration result (3/3) Photo of the measurement setup.
fribbiadisy 8 Fotd des Messoufbms
Rederence Reference - pr— Testiem ot Testiee R L L
A locity Une Yowangle e Source wiper marie
s s ™ ™ v v
790 005 50 080 8201 7000 e
79 oos n9% 0 880t 7113 0880
181 aos a0 o 8001 7 o630
190 aos w0z w0 8001 2335 o188
730 oos s om0 801 7848 03304
730 005 suse am 5001 785 o582
750 aos Y am som 7667 osse
750 aos 500 am 2om 770 sma
2.0 aos 38055 am aon 780 03852
Statistical analysis slope 359161355 deg/- o -
Reenark: Tha proportions of the set-up may not ke true to scale dua to Imaging gesmatey.
Gffset 06205 deg
- End of dacument / Enda des Dokuments -
Graphical represantation of the result
Cratine Bormietuny o o
Calibration No: 1922034; 06190412;
360 e 4
Woindisaant
35 3
210 2
ae’
= o
£ s A 4
Y — CITTIURTPRa I
Z gt T R H
L
z' i 4 z
2
-3
4
04 05 o6 07 08 08 1
Ratio /-
* Yowangle = Deviation
Deutsche WindGuard DEUTSCHE 3 Deutsche WindGuard SR =
‘Wind Tunnel Services GmbH, Varel WINDGUARD Wind Tunnel Services GmbH, Varel WINDGUARD

Massachusetts Clean Energy Center 18 October 2019
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Calibration report of LIDAR unit “WLS7-436"

10.3.4 Calibration protocol dir,

DEUTSCHE

WINDGUARD

Deutsche WindGuard st
Wind Tunnel Services GmbH |ECRE and MEASNET approved test laboratory

accredited by the / okkreditiert durch die
Deutsche Akkreditierungsstelle GmbH ;ﬂm ([ pAKKS

as calibration laboratory in the / als Kalibrierlaboratarium im

Abkamiterurgsseie
BE-IS1000100

Deutschen Kalibrierdienst DKD 1972053
D-K-
Calibration certificate Calibration mark 15140-01-00
Kolibrierschein Kallbrierzeichen 06/2018
Object Wind Vane This cilibration certficste documents  the
Gegenstand traceability to national standards, which realize

the units of messurement according ta the

Manufacturer Thies Clima International System of Units {S1).
Hersteller D-37082 Gattingan The DAKKS Is signatary to the multilateral
agreements of the Eurcpean co-cparation for

Type 4.3151,00.212 Acereditation (EA) and of the Intemational

T Leboratary Accreditation Caaperatian [ILAC) for
the mutusl recognition of calibration certificates.

Sartal nurabat 06190411 The user is cbliged to have the abject
recalibrated at appropriate intervals,

Custamer UL International GmbH - DEWI Dieser Kafibrierschein dokumentiert de Adick-

Aufiroggener D-26382 Wilhelmshaven fihrung auf nationale Normole zur Carstelung

der Einheiten in Uberelnstimmung mit dem

Order No. 2710004088 Intemationolen Elnheltensystem (S).

Aufregsnummer Die DAKKS (st Uinterzeichner der multilaterolen
Ubereinkommen der Eurapesn co-operatien for

Praject No. VT18053% Accreditation  (EA) wnd  der  Intemational

Projettniminir Laboratary Acereditation Cooperation (ILAC) zur

Number of pgas . Qegenseitigen Anerkennung der Kailbrierscheine

Anach der Seten Fir die Einholtung einer angemessenen rist zur
Wiederholung der Kalibrierung ist der Benutzer

Date of Calibration 20.06.2019 verantwertiich.

Dt i Kabiierun

This calibration certificaie may not be reproduced other then in full except with the permission of both the German
Accreditation Bady and the wsuing lsbaratory. Calioration cestificates without signature are nat valid. This calibration
certificate has been generated electronically.

Digser Kalibrigrschein dorf nur volistény und unverdncert weiterverbreiter werden. Auszige oder Anderungen bedtrfen der
Genehmigung sowoh! der Deutschen

‘ahne Unterschrift hoben kit ipkeit. Digser
Date Fead of the camration laboretary Persc i charge
Dotum Leitey des Kolbrieriaboratornums
20.06.2018 T m
| (itropin e
Dipl. Phys, Dietes Wastermaann ai Schustar, B. Eng.

Massachusetts Clean Energy Center
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1922033
Paged/6 il
sene.
06/2019

Calibration object Wind Vane
Kalibriergegemstond
Calibeation proeedure 1EC 61400-12-1:2017
Kalibvigruesfahren
Place of calibration ‘Wind tunnel of Deutsche WindGuard WinaTunnel Services GmbH, Varel
Grt der Kaflbrisrung
Test conditions wind tunnel zrea 10000 em?
Aessbedingungen

anernameter frontal area 200em?

diameter of mounting pipe 33.7 mim

bleckage ratio ! 0.020[]

saftware version P_8003

U e to the speeial eanstruction of th tas saction no blckage correction i necessary.

it air 259°C£01°C

Urgebunigshedingungen

air prassure 1009.8 hPa £ 0.3 hPa

relative alr humidity 630%:220%
Measurement uncartain The expanded un signed to th i
ot g ity wpanded uncertainty as: o the mezsurement results s ablained by

Additional remarks
ZusBtziiche Anmerkungen

multiplying the standard uncertainty by the coverage factor k=2, It has been
determined in accordance with DAkkS-DKD-3. The value of the measurand lies
within the assigned range of values with a probability of 5%.

The reference flow speed measurement is traceable to the German NMI
(Physikalisch-Teehnische Bundesanstalt] standard for flow speed. It is realized
by using a PTB owned and calibrated Laser Doppler Anemometer (Standard
Uncertainty 0.2 %, =2}

Ravision [
Revision
Eeh:sch“e ‘WindGuard DEUTSCHE
Wind Tunnel Services GmbH, Varel WINDGUARD

18 October 2019



West Texas

Calibration report of LIDAR unit “WLS7-436"

1922033
e oo
06/2019
Calibration result {1/3)
Fabriznerpebns (173
saforence Rafaranca Raforanca Reference Testitem Test tem Testitam
i uelacky Une Yaw angie uac Source Wiper Aatia
mis mis deg deg v v =
730 oo 501 080 000 0136 05
750 o 1000 am 8000 0226 o028y
750 005 1493 a0 800 e o2
750 o008 187 am 5000 iz o0ss2
720 008 6L am 8000 nsst 0588
730 008 00 am 803 ns7z 00840
7% oo 3508 o o0 e 0097y
750 08 206 as 001 [ oaag
750 s 512 am o0l 1008 01260
750 005 sa1z s ao01 L1 LR
750 ass 518 0m 001 [ ous41
750 os w13 o 001 134 o6
750 s a3 as oo 1453 oum16
750 ass a8 080 a001 1382 0aes2
750 aos 502 080 a001 167 02033
750 aos ;a3 om 001 1786 sz
751 s w00 L 8001 189 o2
750 005 a4 as0 aco 2007 01508
750 008 2099 080 &001 2119 92543
750 a5 oz s aco1 220 aarE
781 005 10434 080 aco1 2338 0294
750 ags wass 080 a0l 2481 23064
750 005 11438 o8 aco1 2564 a3
750 095 12002 080 aco1 2675 LEETE)
790 005 12459 s aco1 278 a3
750 aos 188 s aco1 2me asss
730 005 13435 080 aco 3006 aamr
750 aos 1857 080 ago1 ERT) 03858
790 005 frrey e aco1 12 aacs
750 a0s 14881 osn 8001 3300 aam
730 005 15456 o 8001 352 Qa3
Deutsche WindGuard DEUTSCHE
Wind Tunnel Services GmbH, Varel WINDGUARD

Massachusetts Clean Energy Center
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1922033
Pmed /s ok
06/2019
Calibration result (2/3)
albrierergebir (273
Aeference kaforence Refaronca Retarance Testitem Test tem Tastitem
e velacity Une Vaw angle [ Source Wioer Hatio
ms mis dug deg v v e
aos 16001 a8 8001 3583 84454
o 216500 0 801 3675 Dazan
aos man 0 001 3788 oarsz
750 as 17802 o080 8001 3508 oag72
750 005 17999 0m ecal 400 os012
750 ags 1501 om0 ecal 4332 05152
750 o 189.98 LY e0o1 4z osa0
750 a0 18895 LEY 8001 4343 05428
780 ags 19998 s BCo1 4455 LEE
7531 ags WSt o8 aco 4568 osn0
750 0gs 005 LE] eco1 4682 osest
750 a5 2502 s 8001 793 EEE
750 aos 1996 s aco1 808 ey
750 005 2498 080 aco1 sois g8
791 aos 002 LY 8001 51z 06409
. nos 2405 osn 801 5238 sz
250 o5 et 050 8001 5350 LIy
750 oos Ha0s 00 ago1 sas osas
750 oos 800 s 8001 5572 8564
790 nos 500 ceo 8001 5682 5102
790 [ 3839 o0 2000 7% 07243
790 nos w50 oeo 2000 5807 LEENY
790 o5 Tmo cen 4000 6019 03524
750 o5 wm e 8000 6129 03662
790 s 0w o0 2000 6212 0.7803
50 nos w523 o0 2000 [T 0.7345
23 nos B0 080 a0 6456 08073
780 nos 5.0 080 200 5564 0.8206
790 oS 28556 280 2000 [ CE
% oS 4.8 [ 2000 6786 0.8483
79 o5 309,85 a8 2000 [ o823
Deutsche WindGuard DEUTSCHE
Wind Tunnel Services GmbH, Varel WINDGUARD
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1922033 1922033

= o
Page5/6 5 Page 8 /6 "
sene 15140-01-00 seite
06/2019 06/2019
Calibration result (3/3) Photo of the measurement setup
Kalorierergebais (3/3) Fato des Messoufbaus
Reference Fedgrance Feferance Referance Test item Test item Test tem 200000 ik te_ 020N G RIS
sirviacity Une [— e Sauree wipor Ratio
s s deg deg v v -
.40 a0s 31495 o= 8000 7002 D765
T.o0 008 3199 | 8.000 s 0.8505
7.90 ons 31503 D& a.000 7237 0.5046
7o oo 33008 s w000 raas o913
70 oos 33806 020 8.000 461 05326
T80 oos 002 [ 8.000 7872 05485
.90 005 34500 D& 8000 7684 0.5605
7an (il 38005 080 2,000 re7 09747
71 005 35800 DED 8.000 7807 0.9684
Statistical analysis Slope 359.390170 deg/-
Offset 01740 deg

- End of document / Ende das Dokuments -

Graphical rapresentation of the result

Grafische Darsteflung des Ergebnisses
Calibration No: 1922033; 06190411;
300 [amincier 03 b
“WhnaGiuard o
15 3
270 2
=
H 225 "5
5 180, """"'""'ﬂ“‘"---..'-.....,"""' N g
H
i:. 1 &
2
3
-4
04 0.5 0.6 07 08 00 1
Ratlo /-
* Yawdngle + Deviation
Deutsche WindGuard DEUTSCHE - Deutsche WindGuard CEUTSCHE -
Wind Tunnel Services GmbH, Varel WINDGUARD Wind Tunnel Services GmbH, Varel WINDGUARD
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10.4 Air temperature and humidity sensor

10.4.1 Air temperature and humidity sensor 1

;01?7
- e Seite 2 ok
Zentrum fiir Messen und Kalibrieren Page 151860100
& ANALYTIK GmbH 01708
Kalibriergegenstand

akkreditiert durch die / occredited by the Temperatur-/Feuchtefahler

tat Typ: KPC1.S/8-ME
Deutsche Akkreditierungsstelle GmbH Hirataler Gallteo + mela
Serien-Nr.; 176884
als Kalibrierlaboratorium im / as colibration faba(aro.’y In the Messbereich: rel. Feuchte {D...100) % {f Temp.: (-30 .. 70)°C
Ausgangsspannung

(0.
(aotsunm % bei 20 °C
(-10/10640} °C

Kallbrierpunkte

Deutschen Kalibrierdienst 40177

Kalibrierschein
Colibration certificate

D-K-
Kalibrierzeichen | 1$186-02-00 |
Collbration mark | o17.09

Normale

D-2-XR /t HYGRO-M3

— Taupunkispiege! mit Typ D2XR 1 HYG
jer Herstelier: eneral Eastern
Dieser Kalibrierschein dokumentiert die Riek- Anzeigegerat Nr. GD14iG004
object '\;hlunu auf nationale Normale tur Darstellung Kalibrierung D-K-15186-01
Hersteller Galltec + mela Die BAKKS ist Unterzeichner der multilateralen 1 'W'de'm“dsme”"“’"eww"m " g‘;&oﬁm,
Momfoct Ubsreinkommen der European co-ogeration for S B -15188.01
- KPCA.S/6-ME ccreditation (EA) und der International Labora- Kalicrierung
Tam tory Acereditation Cooperation [ILAC) sur ge- KT 50
genseitigen Anerkennung der Kallbrierscheine, DC-Temperaturmessbricke  Typ:
sar 176804 i die Einhaltung einer angemessenen Frist zur Ident -Nr. GD14/G038
Fabrikat/Serien-hr : Kalirierung: D-K-15186-01
Serial number Wiederholung der Kalibrizrung ist der Benutzer g
verantwortlich,
Auftraggeber UL International GmbH This calibrotlon  certificate  documents  the Multifunktionskalibrator.
Ebentstrafie 86 troceabily to natianol standords, whih reafize Typ WG S
26382 Wilholshaven the units of measurement according to the Nr.: GD14/G034
international System of Units (Si), Herstallar Beamex
Kallbrierung: D-K-15186-01

The BAKKS Is signatory to the multiorerai

agreements of the Furopeen co-cperatian for

Auftra
O,I;WVNESnummFr 37100001385 Accreditotion (EA] and of the Iaternational
Angani der Selten des Kallbrierschelnes 3 :;f“’;z‘:g,“:;:“f'a”"c;";;{;’;gf:l:,:;‘ﬁ for Kalibrierverfahren
Mamber o poges of e certicote cecogoition of calibratior -
fes leich der Anzeige des Prifings mit der Temperatur und der relativen
Datum der Kal B N y . Die Kalibrierung erfofgt im direkten Vergleicl igy g
o TN 03.03.2017 The user s abfiged to have the object recok Feuchte (Bezugswerl), welche aus der Taupunkitemperatur, der Gaslemperatur und clem Lufidruck berechnet

Dota of calibration
broted at appropriote intervals
" wurde.

Diesor Kalibriarschodn dar nur vollstindig und unverSnderl weitervesbreilet werden. usedge oder hnderungen brdirien dor Genehi
sowahl der Deutschen Akkreditisrungsstalls GmbH als auch des ausstelienden Kadlirerlaboratoriums, Kabibrierschaing ohine Unterschrift ha
helne Gkighel:

T cokbrition certiitate may not be reproduced other than in fuTl except with the permission of troth the Deutsche Akkredienungsseeile Gnbii
oo e isEuing drbovotory. CoBONO CETtIfico tes without SigHatuTe dre Aol walid.

Messbedingungen
Volumens in der Klima

Der Priffiing befand sich wahrend der Kall innerhalb eines ther
kammer im direkien Feuchilufistrom, Die Messung wurde erst nach Einstellung stabiler Temperaturen und

Datwm Stell. Leftar ges Kalibriertaborator sms Bearbeites
Dot wwynﬁp’ 5 yop caiwation labarptary Person in charge Feuchlewerle vergenommen, d.h. wenn die Anzelge des Profiings und die zur Berechnung der relativen Feuch-
A te (Bezugswert) notwendigen Parameler keine systematischen Andenungen menr erkennen lieBen.
{ ft‘ A dtepc Die in der Tabelle 1 Werte sind Mittelwerte aus Mehrfac|
- f ved . - i Der Messumformer wurde mwl einer Betriebsspannung von 24 V versorgt. D\a de: relativen Feuchte bzw. Luft-
18032017 Frau Iﬂr ahnert Frau Lange \/ bis 1 ¥ entsprechend 0 % bis 100 % bzw. -30 °C bis 70 °G)
,m L a"% . wurde it dem Mulufunknunskahbrsxm gemessen

und
Callbration labaratory for langfh, elecirical, machanical,
thermodynamical and analyfical measuning quantiies
Crtetail Wolfen, P-D ChamioPari Bilsrfels-Welfen, Areal A, Fimsirale .7, 087ES Bilterfeild-Wolen
Telefon (03484 65730 + FAX (03494) 697234 + amallinfo@amiv-woltan o

DQS-za(E41 nach DI EN 150 5001 Umgebungsbedingungen
Ry M. 084774 G

Temperatur : (23,0 50 )°C

rel. Feuchte : (50 & 20 )%

Massachusetts Clean Energy Center 18 October 2019
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14-0177

Sele 3
Page

Messergebnisse

Feuchtemessung

Temperatur | relative Feuchte |Ausgangsspannung| relative Anzeigekorrektion | Messunsicherheit
des Feucht- Bezugswert Messumformer Feuchte
Iuftstromes Prufiing *
in*C in inVv in% in% in %
20 27, 0,27884 277 0.2 0.42
20 49 048429 484 0.7 0,62
20 69 0, 66368 680 08 | 0,82
* die relative Feuchte wurde aus der Ausgangsspannung berechnet
Die relative Fauchte ergibt sich aus der Beziehung:
rel, Feuchte = rel. Feuchte Prufling + Anzeigekorreklion
Temperaturmessung
Temperatur Ausgangsspannung Temperatur Anzeigekorrekbion Messungicherheit
Nermal Messumformer Prufling *
in in in°C in K in K
-10,424 0,19474 -10.53 Q11 0,15
897! 0,35804 9,90 0,08 0.15
20,065 0,50219 20,22 -0,15 0,15
38,835 0.69350 39.95 -0.01 015
* die Temperatur wurde aus der Ausgangsspannung berechnet
Diz Temperatur ergibl sich aus der Beziehung:
Temperatur = Temperatur Prifiing + Anzeigekomektion
Messunsicherheit
icherheit durch My

Angegeben ist die erweiterte Messunsicherheit, die sich aus der Standar

mit deim Erweilerungsfaklor k = 2 ergibt. Sie wurde gemai DAkkS-DKD-3 emittelt, Der Wert der Messarofe

lizgt mit einer Wahrscheinlichkeit von annéhemd 95% im zugsordneten Wertsintervall.

Hinweis

Die Deutsche Akkreditierungsstelle GmbH ist Unterzeichner der multiateralen Ubereinkommen der European

co-operation for Accreditation (EA)} und der International Laboratory Accreditation Cooperation {ILAC) zur ge-

genseitigen Anerkennung der Kalibrierscheine. Die welteren Untarzeichner innerhalb und sulierhalb Eurcpas
accreditation.ong) und ILAC [ www ilac org) zu entnebmen

sind den Infernetseiten von EA (www suropean-:

zum der K

Die Werte gelten fiir den Zustand des Kalil

Massachusetts Clean Energy Center

18 October 2019

Page 66/73

Version: A



West Texas

Calibration report of LIDAR unit “WLS7-436"

10.4.2 Air temperature and humidity sensor 2

Zentrum fiir Messen und Kalibrieren
& ANALYTIK GmbH

akkreditiert durch die / accredited by the

Deutsche Akkreditierungsstelle GmbH

Akl
DEISIBSIL

14-1215

[:%
1518601-00

T Dieser Kalibrierschein dokumentiert die Rick:
atyect fuhrung auf nationale Normale zur Darsiellung.
dor Einheiten in Obereinstimmung mit dem
Intemationalen Einhaitensystem {s1).

als Kalibrierlaboratorium im [ as calibration loborotory in the

Deutschen Kalibrierdienst DD

Kalibrierzeichen
Calibration mark

Kalibrierschain
Colibrotion certificate

Galitec + mela

Hersteller Die DAKKS st Unterzeichner der multilateralen
octurer der European e
Typ KPC1.8/6-ME Accreditation (EA} und der International Labora-
e tory Accreditation Cosperation [ILAC) zr ga-
genseitigen Anerkennung der Kalibriorscheine.
Fabrikat/Serlen-Nr. 183591 Filr dia Einhaltung einer angamassenen Frist rsr
Serial number Wiederholung der Kallbrierung ist der Benutzer
‘verantwartlich.
Auftraggeber UL International GmbH This calibrotion  certificate  decaments  the
Custame EbertstraBe 96 traceabilty to notional standards, which reaize
26382 Wilhelmshaven the wnits of meosurement occording do the
Anternptioncl System of Linits (Si),
The DAKKS is signotory te the muiticteral
Auftragsnummer agresments of the Ewropean co-operotivn for
G N 3710002980 Accreditation (EA) and of the Mternetional
. . Loboratory Accreditation Cooperation (ILAC) for
Anzahl der Seiten des Kalibrierscheines
Narberof poges of the certfeate 3 the mutuol recognition of colibration certfica-
tes,

24.11.2017 The user iz obliged te have the object recali-

Datum der Kallbrierung
ot
e ofivaton brated ot apprapriate intarvots.

Dieser Kalibrierschein darf nur voll:38ndg UNG UAVETANCET WeitervemIEtet werden. Auszige odar Anderungen bedifen der Genchmigung

sowoh der Deutichen b ais aueh Unterschrit Aaben
einw Giighsi.
This catrotion certfiate moy not be reprocued cther than In full eacent 9 it
Cofbrotian cet val,
Gatun Stel. g des e raboratariums seartonsr o
oove oopury. g v
Al -
/ Loauf
27.41.2017 Ffal./Dr.‘ J Frau Lange

far Lalu‘. i
und

Callbration laboratory for fength, electrical, mechanical,
thermodynamical and analytical measuring quantities

Orteteil Wollen, P-D ChemiePark Bitterfald Wolten, Areal A, Filmsiralte Nr.7, 06766 Bitterfald-Wolfen
Telefon (03484) 60730 + FAX (03434) 697334  email infogzsricmolfen de

Reg. r 054174 O

Massachusetts Clean Energy Center

£08-zertfiziert nach DIN =N 150 oo

n
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14-1215

DK
15186-01-00

2017-11

Typ: KPC1.8/6-ME

Hersteller: Galltec + mela

Serien-Nr.: 183591

Messbereich: rel. Feuchte: (0...100) % f Temp.: (-30 ... 70) °C

Ausgangsspannung 1V

Kalibrierpunkte: (30/50/70) % bei 20 °C

{-10/10/40) °C

Normale
Taupunkispiegel mit Typ: 473-SHX
Anzeigegerst Hersteller: MBW Calibration AG

Nr GD14IGOST

Kalibrierung: SCS0125
PlatinWiderstandsthermometer Typ: PL10D

Ident-Nr.; GD14/G00T

Kaligrierung: D-K-16186-01
DC-Temperaturmessbricke  Typ. MKT 50

Ident -Nr GD14/G035

Kalibrierung: D-K-15186-01
Muttifunktionskalibrator:

Typ: MC &

Nr.: GD14/G034

Hersteller: Beamex

Kalibrierung: D-K-15186-01

Kalibrierverfahren

Die Kalibrierung erfolgt im direkten Vergleich der Anzeige des Pruflings mit der Temperatur und der relativen
Feuchte (Bezugswert), welche aus der Taupunktemperatur, der Gastemperatur und dem Luftdruck berechnet

wurde.

Messbedingungen

Der Profling befand sich wahrend der Kalibrierung innerhalb eines thermostatisienten Volumens in der Klima-
kammer im direkten Feuchtlufistrom. Die Messung wurde erst nach Einstellung stabiler Temperaturen und
Feuchtewerte vorgenommen, dh. wenn die Anzeige des Priflings und die zur Berechnung der relativen Feuch-
fe (B i arameter keine derungen mehr erkennen lieen,

Die in der Tabelle angegebenen Werte sind Mittelwerte aus Mehrfachmessungen

Der Messumformer wurde mit einer Betriebsspannung von 24 V versorgt. Die der refativen Feuchte bzw. Luft-

proportionale nung
wurde mit dem Multifunkiionskalibrator gemessen.

Umgebungsbedingungen

Temperatur - (23.0% 50 )°C
rel Feuchte (50 & 20 )%

Vbis 1V o 0 % bis 100 % bzw. -30 °C bis 70 °C)

18 October 2019
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Seita 3
Fage

Messergebnisse

Feuchtemessung

14-1215

6-01-00

2017-11

des Feucht- Bezugswen Messumfermer Feuchta
luftstromes. Prifling *

in°C in % in i in %

Temperatur | relative Feuchte |Ausgangsspannung]  relative Anzeigekorrektion | Messursicherheit

20 28, 030129 0, =17

04

20 48, 0,50262 0, =1,0

20 EX 0,69169 8, 06

09

* die relative Feuchte wurde aus der Ausgangsspannung berechnet
Die relative Feuchte ergibt sich aus der Baziehung:

rel. Feuchie = rel, Feuchte Prifling + Anzeigekarrektion

Temperaturmessung

Temperatur nung Te i Messul
Marmal Messumfarmer Prifling *

in V' in*C in K

insicherheit

ink

0,19958 =10,00 0,14

0.1

0.39813 9,81 0,04

0.1

19,962 048898 19,90

0,1

0,
40,063 070075 40,07 -0,0°

01

* die Temperatur wurde aus der Ausaangsspannung berechnet
Die Temperatur ergibt sich aus der Beziehung

Temperatur = Temparatur Profling + Anzeigekorrektion

Messunsicherheit

ist die i
mit dem Erweiterungsfaktor k = 2 ergibt. Sie wurde gemah DAkkS-DKD-3 ermittelt. Der Wert der
liegt mit einer von nd 85% im Werteintervall

Hinweis

Die Deutsche Akkreditierungsstelle GmbH ist Unterzeichner der multilateralen Ubereinkommen
co-operation for Accreditation (EA) und der i Laboratery C d

it, die sich aus der Star it durch M

Messgroiie

der European
(ILAC] zur ge-

Anerkennung der Ki eine. Die weiteren Unterzeichner innerhalb und sufierhalb Europas
sind den van EA (www. ra) und ILAC ( ww.ilac.org) zu entnehmen.

Die Werte gelten fir den Zustand des K i zum Zeitpunkt der

Massachusetts Clean Energy Center
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10.5 Air pressure sensor

10.5.1 Air pressure sensor 1
R T A A S R e L S R

VAISALA

1{1
Cartificate repart no, H4AT-17170021

CALIBRATION CERTIFICATE

Instrument FTE110 Baromsater
Serial numbar N1720455
Manufacturar alzala Oy, Finland
Calibration date 26th April 2017

This inslrument has been calibrated against a Vaissla FTB220 factory working standard. Tha Vaisala PTB220 Is raceasie g the
National Instilute of Standards and Technelogy (NIST, USA) via Vaisala Measurement Standards Laboratory (MSL). Vakaka MSL
hiss been aceredited by FINAS according to 1ISONEC 17025 standard.

At the time of shipment, the instrument described above was within its cperating specifications

Calibration results

Reference pressure Calculatad pressure Obszerved voltage Correction” Uncertainiy*®
hPa hPa e hFa hPa
809.5 809.9 0,151 0. +0.15 i
900.2 B S00.2 1.837 [ 018
1000.3 1000.3 3852 0 +0.15
1050.0 . 1050.0 5,000 0 015
*Te oblain the tiue pressure, add the correction to the Barometer resding. Interpolated carrections may be wsed
at imermediate readings of the scale of the barometer,
**The ealipration uncertainty given at 95 % confidence lavel, k=2
Eguipment used in calibration
P Sarial numbar Calibration date Certificate number
HP349704 EM 14611 B01E-10-24 1250-3070T2008
PTE220 FA 14018 2016-08-02 KO0B-Z202342
Ambient conditions
Humidity: 31+ 5 %RH T ature: 7243 %0 Fressure: 884 + 20 hPa
T Filckan
This repoct shall nof be mreproduced except in il withaut the weilfan approval of Vaisala, Doc214685.8

Massachusetts Clean Energy Center
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10.5.2 Air pressure sensor 2
[ 52 S B R R S vt e e e e ST IR L

- VAISALA

1(1)
Cerlificate report no, H4717170019

CALIBRATION CERTIFICATE

Instrumant FT8110 Baromeler
Serial number W1 720454
Manufacturer Vaisala Qyj, Finland
Calibration date Foth April 2017

This instrument has been calibrated against a Vaisala PTEZ2) factory working standard. The Vaisala PTEZ20 s tracestie 1o the
National Institute of Standards and Technology (NIST, USA) via Vaisala Measurement Standards Laboratory (MSL). Vasala MSL
has bean accraditad by FINAS according to ISONEC 17025 standard

At the tirme of shigrment, the ingtrumant described above was within s operating spesifications,

Calibration results

Reference prassure Calculated pressure Observed voltage Carrection® o Uncertalnty*™
hPFa hPa Vde hPa hPa
800.9 a09.9 0191 o0 +0.15
___ &ao? 900.2 T o0 1015
10003 000.3 3.852 0.0 ETRE
10800 1050.0 5.000 ) o0 +0.16
*To ablain the rue préssure, add the cormection to the Baromelar reeding. Inlerpolated corrections may be wsed
af infermadiate reedings of the scale of the barometer,
**The calibration uncertainty given at 85 % confidence kevel, k=2
Equipment used in calibration
Type Sarial numbar Caliration date Cartificate number
HP3a5708 EM 14611 2016-10-24 1260-30707T9098
PTBE220 FA 14019 2016-08-02 KODE-Z02342
Ambiant conditions
Humidity: 31 £ 5 %RH Tamgerature: 22+ 2 o Pressure: ©5d4 £ 20 hPa
gy
l-/_Qy:.'m’i:um
This report ghall nof be repreduced excepd in A, withou! the witten approval of Valsals, Doc 2 14685-5
Vaisala Oyj | PO Box 26, FI-00477 Hi il
Phone +358 9 804 0 | Fax +350 0 0049 2027
Emiil Frstriamelastnare @ saisal o om | ey 2pla, com
Damicile Vantaa, Finland | VAT FIDI244%82 | Business I0 01244%-2
Massachusetts Clean Energy Center 18 October 2019
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