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at the request of AQSystems. The results presented were obtained from data collected
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revisions with additional information.
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1.- INTRODUCTION

The AQ500 is a remote sensing device based on SODAR technology developed by
AQSystem.

Barlovento has had the opportunity to test for two and a half months the AQ500
SODAR device.

Throughout the test period Barlovento has carried out several tests with the AQ500,
located in a non-simple terrain area. The AQ500 measurements have been compared
against standard met-mast measurements (installed according to IEC-61400-12-1 [1])
and measurements from other remote sensor devices located.

There are some references [2], [3] and [4] that have shown a good agreement between
the AQ500 measurements and the standard met-mast measurements (cup
anemometers), therefore this technical note only assess the behavior of the AQ500
measurements itself.

The purpose of this Technical Note is therefore to evaluate the quality of the AQ500
measurements and assessing their suitability for wind resource assessment.

In the present Technical Note Barlovento shows the AQ500 behaviour itself without
comparing the AQ500 measurements with others measurements systems (cup
anemometers, wind vanes and other remote sensor devices).
The following parameters have been assessed and showed in the Technical Note:

= Raw data availability

= Filtered data availability

= Rejected data.

= Data availability vs. Wind speed.

= Data availability vs. Temperature.

= Data availability vs. Rainy events.
However in order to use the SODAR measurements for wind resource assessment
purposes Barlovento considers that the SODAR systems measurements has to be
evaluated by a comparison to cup anemometer and vane measurements from a met-

mast installed as close as possible to the SODAR device (avoiding fixed echoes)
according to MEASNET Guideline [5].

| Prepared: DO | Checked: RM | Approved: RZ
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2.- DESCRIPTION OF THE AREA

The AQ500 SODAR device is located at the South East part of La Rioja region, in
Spain. Next figure shows the AQ500 location.
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Figure 1. Location of AQ500 area.

2.1.- Orography

The area where the AQ500 is installed is a slightly complex terrain. There are some
small hills around the SODAR area.

2.2.- Roughness

There are small vegetation present in the surrounding area (bushes, ..) and no high
vegetation like trees is present. The roughness of the AQ500 area is quite
homogeneous.
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2.3.- Photographs

Following pictures show the AQ500 surrounding area.

Photograph 1. AQ500 SODAR device.

Photograph 2. AQ500 SODAR surroundings.
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Photograph 3. AQ500 SODAR surroundings.
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3.- MEASUREMENT CAMPAIGN

The main features of the measurement campign carried out with the AQ500 SODAR
device are shown below.

SODAR Measurel(nnt‘a)nt Levels Measurement Period
AQ500 20m—150m 24-01-2011 — 17-04-2011
Every 5 meters

Table 1. Measurement campaign.

3.1.- Measurement Period
The AQ500 SODAR was installed on January 24, 2011. The AQ500 has been in

operation until April 17, 2011. Therefore there is two and a half months of
measurements available.

3.2.- AQ500 measurement parameters

The following parameters have been measured by the AQ500 throughout the
measurement period:

Measurement Levels

Parameter
(m)

Date -

Time -
. 20m-150m
Wind Speeed Every 5 meters
. 20m-150m
Std. Wind Speed Every 5 meters
Vertical Wind 20m-150m
Speed Every 5 meters
Std. Vertical Wind 20m—-150m
Speed Every 5 meters
20m—-150m

Wind Direction

Every 5 meters

Battery Level

Temperature 2m
20m—-150m
Turbulence
Every 5 meters
. . 20m-150m
Signal/Noise Every 5 meters
Humidity 2m

Table 2. AQ500 measurement parameters.
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3.3.- Data checking and filtering

Data measured by AQ500 throughout the measurement campaign has been checked
and filtered by Barlovento according to MEASNET guideline [5] and AQ500C Wind

Finder Manual [6].

Filtering applied consist in the ellimination by the user of wrong data, idientified
according the criteria defined in [5], as for example valid data at all levels below a a

selected level.

| Prepared: DO | Checked: RM
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4.- ANALISYS OF AQ500 MEASUREMENTS

In the present Technical Note Barlovento shows the AQ500 behaviour itself without
comparing the AQ500 measurements with others measurements systems (cup
anemometers, wind vanes and other remote sensor devices).

However in order to use the SODAR measurements for wind resource assessment
purposes Barlovento considers that the SODAR systems measurements has to be
evaluated by a comparison to cup anemometer and vane measurements from a met-
mast installed as close as possible to the SODAR device (avoiding fixed echoes)
according to MEASNET Guideline [5].

4.1.- Data Availability

Following table and figures show the availability of raw data, filtered data and the total
rejected data throughout AQ500 measurement period.

As it can be seen the total rejected data of AQ500 SODAR is below the 2% for all
measurements levels.

o o
Level Total Raw % Raw | Filtered ; % Rejected .A’
Filtered Rejected

(m) data data data data data

data data
40 m 11997 11965 99.7% 11965 99.7% 0 0.0%
50 m 11997 11965 99.7% 11965 99.7% 0 0.0%
60 m 11997 11956 99.7% 11954 99.6% 2 0.0%
80m 11997 11943 99.5% 11878 99.0% 65 0.5%
100 m 11997 11904 99.2% 11823 98.5% 81 0.7%
120 m 11997 11804 98.4% 11661 97.2% 143 1.2%
140 m 11997 11639 97.0% 11463 95.5% 176 1.5%
150 m 11997 11518 96.0% 11327 94.4% 191 1.6%

Table 3. AQ500 Data Availability.
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Figure 3. AQ500 rejected data.
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4.2.- Data availability per Wind Speed Bin

Following table and figure show the AQ500 data availability (filtered data) per wind
speed bin (50 m level) throughout the measurement period.

As it can be seen the AQ500 availability in the wind speed range (1 — 10 m/s) is quite

good for every measuerent level.

Total Total % Total Total % Total Total % Total Total % Total
BIN WS data Filtered | Filtered | Filtered | Filtered | Filtered | Filtered | Filtered | Filtered
(m/s) data data data data data data data data
50m I%%Vnil Level Level Level Level Level Level Level Level
80m 80m 100m 100m 120m 120m 140m 140m
0-1 521 511 98% 491 94% 467 90% 441 85%
1-2 1130 1125 100% 1114 99% 1099 97% 1076 95%
2-3 1698 1697 100% 1692 100% 1684 99% 1663 98%
3-4 1717 1713 100% 1708 99% 1695 99% 1680 98%
4-5 1156 1155 100% 1153 100% 1147 99% 1141 99%
5-6 1156 1151 100% 1147 99% 1138 98% 1134 98%
6-7 1144 1136 99% 1134 99% 1125 98% 1118 98%
7-8 984 976 99% 975 99% 967 98% 956 97%
8-9 862 859 100% 858 100% 851 99% 835 97%
9-10 693 684 99% 684 99% 665 96% 650 94%
10-11 497 482 97% 481 97% 461 93% 443 89%
11 -12 230 222 97% 219 95% 208 90% 194 84%
12-13 98 97 99% 97 99% 89 91% 77 79%
13-14 55 47 85% 47 85% 45 82% 38 69%
14 - 15 20 19 95% 19 95% 17 85% 15 75%
15-16 3 3 100% 3 100% 2 67% 1 33%
16 -17 1 1 100% 1 100% 1 100% 1 100%
17 - 18 - - - - - - - - -

Table 4. AQ500 Filtered Data Availability per Wind speed Bin.
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Figure 4. AQ500 Filtered Data Availability per Wind Speed Bin.
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4.3.- Data availability per Temperature Bin

Following table and figure show the AQ500 data availability (filtered data) per

Temperature Bin throughout the measurement period.

As it can be seen the AQ500 availability in the Temperature range (-4°C — 30°C) is
quite good for every measuerent level.

Total Total % Total % Total Total % Total Total % Total % Total
BIN T2 data Filtered | Filtered | Filtered | Filtered | Filtered | Filtered | Filtered | Filtered

(°C) T2 data data data data data data data data

(°C) Level Level Level Level Level Level Level Level

80m 80m 100m 100m 120m 120m 140m 140m

-4 --3 2 2 100% 2 100% 2 100% 2 100%
-3—--2 50 50 100% 50 100% 50 100% 50 100%
-2 —-1 86 86 100% 86 100% 86 100% 84 98%
-1-0 78 78 100% 78 100% 78 100% 77 99%
0-1 245 245 100% 244 100% 241 98% 237 97%
1-2 382 381 100% 381 100% 380 99% 375 98%
2-3 575 574 100% 569 99% 565 98% 553 96%
3-4 795 794 100% 791 99% 788 99% 782 98%
4-5 770 768 100% 763 99% 752 98% 741 96%
5-6 776 773 100% 773 100% 760 98% 747 96%
6-7 813 808 99% 800 98% 793 98% 780 96%
7-8 1119 1107 99% 1105 99% 1091 97% 1078 96%
8-9 821 810 99% 801 98% 793 97% 773 94%
9-10 1075 1067 99% 1065 99% 1044 97% 1028 96%
10-11 733 728 99% 726 99% 719 98% 707 96%
11-12 677 671 99% 669 99% 661 98% 647 96%
12-13 537 534 99% 533 99% 518 96% 513 96%
13-14 448 443 99% 442 99% 433 97% 428 96%
14 -15 447 433 97% 433 97% 423 95% 419 94%
15-16 309 303 98% 302 98% 297 96% 295 95%
16 — 17 205 204 100% 204 100% 202 99% 197 96%
17 - 18 147 147 100% 144 98% 141 96% 134 91%
18-19 154 152 99% 150 97% 149 97% 146 95%
19-20 174 174 100% 173 99% 170 98% 167 96%
20-21 130 130 100% 130 100% 127 98% 124 95%
21-22 100 100 100% 98 98% 95 95% 90 90%
22 -23 58 58 100% 56 97% 52 90% 49 84%
23-24 75 75 100% 74 99% 72 96% 67 89%
24 - 25 59 58 98% 57 97% 56 95% 54 92%
25— 26 46 46 100% 45 98% 44 96% 42 91%
26 — 27 39 39 100% 39 100% 39 100% 38 97%
27 - 28 16 16 100% 16 100% 16 100% 16 100%
28 — 29 14 14 100% 14 100% 14 100% 13 93%
29 - 30 9 9 100% 9 100% 9 100% 9 100%
30 - 31 1 1 100% 1 100% 1 100% 1 100%

Table 5. AQ500 Filtered Data Availability per Temperature Bin.
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Figure 5. AQ500 Filtered Data Availability per Temperature Bin.
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4.4.- Data availability during rainy events

Throughout the AQ500 measurement period have been several rainy events. The rainy
events have been identified from precipitation sensors located at nearby meteorological
mast and high relative humidity (HR) values (over 65%) in the AQ500 HR sensor.

Following table and figure shows the AQ500 data availability (filtered data) during rainy

events.

As it can be seen the AQ500 availability during rainy events is very similar to the
availability of the entire measurement period. The AQ500 measurement’s availability is

not much affected by rain.

0,

Total | Fitered | .. " _

Level data data d

. . ata

(m) (Rainy | (Rainy (Rainy
Events) | Events) Events)
40 m 3677 3677 100.0%
50m 3677 3677 100.0%
60 m 3671 3669 99.8%
80m 3667 3648 99.2%
100 m 3658 3629 98.7%
120 m 3637 3597 97.8%
140 m 3602 3545 96.4%
150 m 3564 3511 95.5%

Table 6. AQ500 Data Availability during rainy enents.
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Figure 6. AQ500 Data Availability during rainy events.
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5.- CONCLUSIONS

The purpose of this Technical Note is therefore to evaluate the quality of the AQ500
measurements and assessing their suitability for wind resource assessment.

There are some references [2], [3] and [4] that have shown a good agreement between
the AQ500 measurements and the standard met-mast measurements (cup
anemometers), therefore this technical note only assess the behavior of the AQ500
measurements itself.

In the present Technical Note Barlovento shows the AQ500 behaviour itself without
comparing the AQ500 measurements with other measurements systems (cup
anemometers, wind vanes and other remote sensing devices).

As it can be seen in tables and figures above the AQ500 SODAR device is considered
as suitable tool for the wind resource assessment since:

= The total rejected data of AQ500 SODAR is below the 2% for all measurements
levels under 120 meters throughout the measurement period.

= The filtered data availability is quite high for all meteorological conditions up to
120 meters level throughout the measurement period.

= The AQ500 availability in the wind speed range (1 — 10 m/s) is quite good for
every measurement level throughout the measurement period.

= The AQ500 availability in the Temperature range (-4°C — 30°C) is quite good for
every measuerent level throughout the measurement period. The availability for
lower temperatures is high. The availability has shown a decrease for
temperatures above 20 °C at levels higher than 120 meters.

= The AQ500 measurements are not much affected by rain. The AQ500
availability during rainy events is very similar to the availability of the entire
measurement period.

As a general conclusion, the filtered data availability during the measurement period
has been high for all the meteorological conditions analysed, up to 120 meters. The
availability decreases in some circunstances at levels higher than 120 meters.

In order to use the SODAR measurements for wind resource assessment purposes
Barlovento recommends to follow the MEASNET Guideline [5].
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