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1 Document Purpose

This report summarises the results of the testing performed on an Eoltec Scirocco E5.6-6 wind turbine
which was installed at a test site owned by Bryan J Rendall (Electrical) Ltd at Lynnfield in Orkney. The test
was conducted in accordance with British Standard BS EN 61400 sections 2, 11, and 12, where applicable to
small wind turbines, and incorporating the amendments given in the British Wind Energy Association
(BWEA) document ‘Small Wind Turbine Performance and Safety Standard’. The testing further followed
Narec’s own internal guidelines documents, which are listed in Table 1 below.

2 Reference Documents

The documents in Table 1 have been referenced in the production of this report;

Table 1 - Table of Reference Documents

Title Reference Date Revision

Design Requirements For Small Wind Turbines BS EN 61400-2 July 2006 Original
Wind Turbine Genera.\tor Systems — Acoustic Noise BS EN 61400-11 31 August Al
Measurement Techniques 2006
Power Performance measurements of electricity BS EN 61400-12-1 31 July 2006 Original
producing wind turbines
British Wind Energy Association Small Wind Turbine 29 Feb 2008
Performance and Safety Standard
Gwd.ellnes for the Performance Testing of Small Wind GU 18120 28 Aug. 08 1.0
Turbines
Guidelines for Durability Testing, and Strength & Safety 10 August
Testing of Small Wind Turbines GU 18125 2010 2.0
Gwd‘ellnes for the Acoustic Testing of Small Wind GU 18135 Draft
Turbines
Simplified Load Model Calculations ND00635 19 Nov 2008 Original

i i intv i Amd No
Guide to the expression of uncertainty in measurement PD 6461-3 13 June 2003
(GUM) 14133
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Manufacturers Turbine Specifications

Rated Power

Cut-In Wind Speed
Cut-Out Wind Speed
Rated Wind Speed
Rotor Diameter
Rotor Swept Area

Control Type

Site Conditions

Maximum Air Density
Minimum Air Density
Average Air Density

Measurement Sectors

Test Statistics

Start Date & Time
End Date & Time
Valid Data Collected
Highest Bin Filled
Test Completed

BWEA Ref Power @ 11m/s

BWEA Ref Annual Energy

3 Power Performance Test Summary

6kwW

2.7m/s

N/A

11.5m/s

5.6m

24.7m?

Stall with passive
blade pitching

controlled by
centrifugal weights

1.284 kg/m3
1.201 kg/m?3
1.254 kg/m3
81.8°-360° &
0°-8.1°

9/12/2009 18:00
6/4/2010 00:00
2,192 Hrs

25.0 m/s

Yes

5.41 kW

9,881 kWh/yr

Power curve results normalised to sea level air density

5990

4990

3990

Power(W)

2990

1990

%0

-10

Power Curve & Power Coefficient - EoltecScirocco E5.6-6

(Normalised to Sea Level Air Density of 1.225kg/m?)
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Figure 1 — Summary Power Curve
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Table 2 — Summary Wind Speed vs Power Data

Reference Air Density 1.225kg/m 3

5 Ave rage Average Data
&_lta Wind Speed Power Points Cp

Bin m/s (W)
1 0.56 -5.08 447
2 1.04 -5.08 1503
3 1.52 -5.09 2410
4 2.01 -5.14 3686
5 2.51 -3.89 4985
6 3.00 29.25 5199 0.072
7 3.51 126.17 6208 0.194
8 4.01 271.42 6595 0.280
9 4.50 440.57 7715 0.319
10 5.00 645.12 8533 0.342
11 5.50 889.37 8962 0.355
12 6.00 1183.52 8155 0.364
13 6.49 1521.67 7315 0.369
14 7.00 1918.26 6585 0.371
15 7.50 2352.48 6383 0.370
16 8.00 2828.18 6057 0.367
17 8.50 3334.02 5552 0.360
18 8.99 3853.16 4958 0.351
19 9.49 4369.36 4183 0.339
20 9.99 4818.78 3474 0.320
21 10.50 5145.60 2914 0.295
22 10.99 5412.62 2617 0.270
23 11.49 5556.85 2193 0.243
24 11.99 5644.42 1910 0.217
25 12.49 5661.60 1679 0.192
26 12.99 5646.80 1487 0.171
27 13.49 5557.75 1447 0.150
28 13.99 5483.61 1282 0.133
29 14.50 5349.73 1126 0.116
30 14.99 5207.56 984 0.102
31 15.50 5010.27 906 0.089
32 15.99 4879.33 725 0.079
33 16.49 4657.73 621 0.069
34 17.00 4563.44 432 0.062
35 17.48 4361.63 347 0.054
36 17.99 4264.23 306 0.049
37 18.49 4180.55 262 0.044
38 18.97 3961.71 195 0.038
39 19.50 3943.99 191 0.035
40 19.99 3743.83 169 0.031
41 20.48 3657.88 149 0.028
42 21.01 3701.54 131 0.026
43 21.48 3531.33 132 0.024
44 21.99 3541.90 103 0.022
45 22.49 3524.29 115 0.021
46 22.99 3475.87 68 0.019
a7 23.53 3520.50 54 0.018
48 23.97 3547.24 36 0.017
49 24.48 3550.39 19 0.016
50 24,91 3596.73 13 0.015

Total | 131527
Hours [2192.12
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4 Description of Wind Turbine

The wind turbine tested is an Eoltec Scirocco E5.6-6, which is shown in its test arrangement in Figure 2
below;

Figure 2 - The Eoltec Scirocco E5.6-6

Summary Test Report — Eoltec Scirocco E5.6-6 Page 6 of 14
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5 BWEA Reference Power, Power Curve, & Power Coefficient

From the data summarised in Table 2 above, it can be seen that the BWEA reference output power at
11m/s is 5.41kW. The power curve and power coefficient from this same data can be seen in Figure 3

below;
Power Curve & Power Coefficient - Eoltec Scirocco E5.6-6
590 (Normalised to Sea Level Air Density of 1.225kg/m?) 040
-t 1 ] L[]
!/-/' I\-\l // \‘\4\ —e— Power Output + 0.35
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Figure 3 - Power Curve & Power Coefficient at Sea Level Air Density of 1.225kg/m3
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6 BWEA Reference Annual Energy

Table 3 below summarises the annual energy production that could be expected of the Eoltec Scirocco
E5.6-6, including extrapolated values where appropriate, and the uncertainty of power output (Uyzp) as a
result of accuracy of measurements etc.

Table 3 - AEP and Extrapolated AEP at Sea Level Air Density of 1.225kg/m?3

Reference Air Density 1.225kg/m3
. Annual
Data Average Wind Rayle|gh Average Energy Categor_y A Categor_y B Extrapolated

. Distribution . . Uncertainty | Uncertainty

Bin Speed m/s . .| Power (Pi) [ Production . . AEP

Function F(Vi) (si) (ui)
(AEP)
1 0.56 0.009974 -5.0769 -0.0506 0.0320 16.4189 -0.0506
2 1.04 0.033165 -5.0755 -0.1177 0.0174 16.4122 -0.1177
3 1.52 0.069708 -5.0918 -0.1858 0.0126 16.4123 -0.1858
4 2.01 0.119653 -5.1413 -0.2555 0.0118 16.4123 -0.2555
5 2.51 0.179602 -3.8918 -0.2708 0.1033 16.4130 -0.2708
6 3.00 0.246882 29.2533 0.8532 0.6322 17.0438 0.8532
7 3.51 0.320475 126.1655 5.7189 1.0913 21.5948 5.7189
8 4.01 0.395978 271.4217 15.0094 1.2109 27.8868 15.0094
9 4.50 0.471412 440.5669 26.8541 1.1064 32.4589 26.8541
10 5.00 0.544461 645.1206 39.6542 1.2913 39.6616 39.6542
11 5.50 0.613049 889.3714 52.6239 1.5950 48.9210 52.6239
12 6.00 0.676884 1183.5231 66.1617 2.0915 60.6116 66.1617
13 6.49 0.734040 1521.6743 77.3085 2.7060 73.4190 77.3085
14 7.00 0.785162 1918.2555 87.9281 3.5274 89.1008 87.9281
15 7.50 0.828886 2352.4791 93.3677 4.1910 103.7111 93.3677
16 8.00 0.865805 2828.1834 95.6312 4.9216 119.9429 95.6312
17 8.50 0.896413 3334.0210 94.3069 5.6303 134.6517 94.3069
18 8.99 0.921212 3853.1606 89.1159 6.5939 146.6598 89.1159
19 9.49 0.940923 4369.3617 81.0400 7.6101 155.1411 81.0400
20 9.99 0.956626 4818.7800 72.1402 8.8954 143.2173 72.1402
21 10.50 0.968587 5145.6002 59.5905 10.4123 117.6341 59.5905
22 10.99 0.977485 5412.6180 46.9749 10.4897 108.1663 46.9749
23 11.49 0.984213 5556.8511 36.8978 11.9902 80.6279 36.8978
24 11.99 0.989083 5644.4206 27.2763 13.0431 72.0527 27.2763
25 12.49 0.992584 5661.6020 19.7904 14.7475 65.3086 19.7904
26 12.99 0.995033 5646.8007 13.8505 14.5580 65.0929 13.8505
27 13.49 0.996720 5557.7539 9.4520 17.5922 73.7360 9.4520
28 13.99 0.997867 5483.6094 6.3307 16.6416 70.7705 6.3307
29 14.50 0.998643 5349.7342 4.2010 20.0348 85.8330 4.2010
30 14.99 0.999143 5207.5606 2.6386 23.5740 90.3217 2.6386
31 15.50 0.999471 5010.2692 1.6787 25.2439 112.0781 1.6787
32 15.99 0.999676 4879.3252 1.0142 30.1028 88.0545 1.0142
33 16.49 0.999804 4657.7343 0.6111 31.3774 131.0765 0.6111
34 17.00 0.999886 4563.4379 0.3742 41.7625 73.9217 0.3742
35 17.48 0.999933 4361.6263 0.2097 46.8785 129.4743 0.2097
36 17.99 0.999961 4264.2304 0.1247 49.4399 76.6354 0.1247
37 18.49 0.999978 4180.5528 0.0715 51.7413 71.2030 0.0715
38 18.97 0.999988 3961.7127 0.0380 56.8042 153.7923 0.0380
39 19.50 0.999994 3943.9869 0.0227 54.2496 48.1288 0.0227
40 19.99 0.999996 3743.8318 0.0113 57.5846 149.2799 0.0113
41 20.48 0.999998 3657.8825 0.0061 57.1836 76.5255 0.0061
42 21.01 0.999999 3701.5421 0.0035 60.6465 53.9546 0.0035
43 21.48 0.999999 3531.3253 0.0016 52.8228 143.5558 0.0016
44 21.99 1.000000 3541.9042 0.0009 61.2687 43.4504 0.0009
45 22.49 1.000000 3524.2862 0.0005 52.2760 44.8096 0.0005
46 22.99 1.000000 3475.8651 0.0002 56.0274 59.0067 0.0002
47 23.53 1.000000 3520.5002 0.0001 59.8368 55.9249 0.0001
48 23.97 1.000000 3547.2445 0.0000 87.7884 50.7436 0.0000
49 24.48 1.000000 3550.3940 0.0000 98.5767 42.8137 0.0000
50 24.91 1.000000 3596.7255 0.0000 143.4827 67.3938 0.0000
Annual Avge Wnd Speed (m/s) 5 =
Annual Hours 8760 7
Total AEP (kWh/yr) 9881.33 n O re C
Total Extrapolated AEP (KWh/yr) 9881.33
Total Uaep (KWhiyr) 456.58

As can be seen from Table 3 above, the results of this test show that the BWEA reference annual
energy production at an annual mean wind speed of 5m/s is 9,88 1kWh/yr.
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7 Annual Energy Production Curve

Following the same Rayleigh distribution as detailed in Table 3 above, the expected annual energy
production at varying annual average wind speeds for the Eoltec Scirocco E5.6-6 can be derived from the
curve shown in Figure 4 below;

Annual Average Wind Speed vs AEP - Eoltec Scirocco E5.6-6
(Normalised to Sea Level Air Density of 1.225kg/m?3)

35000

30000

s
= —lnarec e

20000

15000

Annual Energy Production (kWHrs)

10000
5000
<
0
0 1 2 3 4 5 6 7 8 9 10 11 12

Annual Average Wind Speed (m/s)

Figure 4 - Annual Average Wind Speed vs AEP at Sea Level Air Density of 1.225kg/m?3
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Table 4 - Annual Average Wind Speed vs AEP at Sea Level Air Density of 1.225kg/m?

Annual AEP Standard Standard
Average Measured Uncertainty | Uncertainty AEP
Wind Speed (loW/Hrs) in AEP in AEP Ex(tkrap/olat;zd Comment
W/Hrs
(m/s) (kW/Hrs) (%)

3 1988 217 10.9 1988 Complete
3.5 3455 269 7.8 3455 Complete

4 5315 331 6.2 5315 Complete
4.5 7494 395 53 7494 Complete

5 9881 457 4.6 9881 Complete
5.5 12360 512 4.1 12360 Complete

6 14824 559 3.8 14824 Complete
6.5 17189 598 3.5 17189 Complete

7 19396 630 3.2 19396 Complete
7.5 21407 656 3.1 21407 Complete

8 23204 677 2.9 23204 Complete
8.5 24778 694 2.8 24778 Complete

9 26131 707 2.7 26131 Complete
9.5 27268 717 2.6 27268 Complete
10 28200 724 2.6 28200 Complete
10.5 28938 728 2.5 28938 Complete
11 29497 729 2.5 29497 Complete

8 Acoustic Test Results

During the course of the test campaign, acoustic measurements were undertaken for both background
noise and turbine operational noise, in both low and high wind speed occurrences. The resulting acoustic
results for normal operation in accordance with the BWEA standard are as follows;

Declared apparent sound pressure level 86.4dB (A)
Wind speed dependence 2.17dB per m/s
Immission sound pressure level at 25m Ly, 55,  50.5dB (A)
Immission sound pressure level at 60m Ly, 6o, 42.9dB (A)
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8.1 Immission Noise Map

In accordance with section 3.1.4 of the BWEA standard, the immission noise map for the Eoltec Scirocco
E5.6-6 is shown in Figure 5 below;

) Eoltec del: Scirocco E5.6-6
Noise Emission Level Noise Penalty
Sound Power Noise Slope SdB

Lwd,8m/s (dBA) 86 -4 (dBA/m/s) 2 . 1 7 N o

No Data Above 11.3m/s ’
- §
¥ <40dB (A) =
40-458 @A) N =
l>45dB(A) -
No Data Below 2.7m/s .
;.S 15 25 35 45 55 65 75 8 95 i
Slant distance (m) from hub Immision Noise Map

(including Noise Penalty where applicable)

Figure 5 - Immission Noise Map - Eoltec Scirocco E5.6-6
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9 Durability and Safety & Function Test Results

9.1 Durability Testing

The Eoltec Scirocco E5.6-6 wind turbine has been designed as a class 1 turbine, and has been in operation,
with data being logged, since December 9" 2009. In accordance with section 9.4.1 of BS 61400-2 the

turbine has therefore achieved the following operational statistics as of 7" October 2010 (where V.,

=10m/s);

Over 6 months of operation. 300 days (183 reqd)
Total number of hours of power production 5,856 hrs (2,500 reqd)
Total number of hours in winds in excess of 1.2V, 465 hrs 10 mins (250 reqd)
Total number of hours in excess of 15m/s 135 hrs 50 mins (25 reqd)
Total number of hours in winds in excess of 1.8V, 37 hrs 30 mins (25 reqd)

Accordingly the Eoltec Scirocco E5.6-6 has completed the required number of hours at the relevant wind
speeds for a class 1 turbine.

9.2 Reliable Operation

In accordance with BS 61400-2 the turbine is deemed to be reliable if the operational time fraction O is
greater than 90%. This is calculated from the following equation;

0T -Tu-T,-T
T -T,-T.

£ *100%

where

T; is the total time period under consideration (7,206 hours)
Ty is the time during which the turbine is known to be non operational (0 hours)
T, is the time during which the turbine status is unknown (2,298 hours)

T¢ is the time excluded in the analysis (4 hours 22 mins)

From the foregoing calculation and accumulated data, the operational time fraction for this test is
therefore 100%, as throughout the course of the test the turbine had no component failure.
9.3 Safety & Function Test

A safety and function test was satisfactorily performed in accordance with section 9.6 of BS 61400-2.

9.4 Strength & Safety Testing

As referenced in section 9.1 above, the turbine has been designed to meet the requirements of class 1, and
Narec can confirm that the manufacturer submitted design data for stress and load calculations as per the
requirements of BS 61400-2 sections 7.4 and 7.8. This was subsequently reviewed and confirmed as
accurate.
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10 Tower Top Loads

The manufacturer submitted further data regarding the thrust loads and bending moments apparent to the
Eoltec Scirocco E5.6-6 at various wind speeds. The data has been verified by Narec and is summarised in

Table 5 below;

Table 5 - Tower Top Thrust Loads & Bending Moments

narec 7

Turbine Class

Reference Wind

50 Year Extreme

Speed Wind Speed Shaft Thrust Bending Moment
Vref,, (m/s) Ves0,, (m/s) Frot,, (kN) FBM,, (kNm)

5 7 0.058 0.011

7.5 10.5 0.131 0.026

10 14 0.233 0.046

12.5 17.5 0.364 0.072

15 21 0.523 0.103

17.5 24.5 0.713 0.140

20 28 0.931 0.183

22.5 31.5 1.178 0.232

25 35 1.454 0.286

27.5 38.5 1.759 0.347

v 30 42 2.094 0.413
32.5 45.5 2.457 0.484

35 49 2.850 0.561

1] 37.5 52.5 3.272 0.645
40 56 3.723 0.733

Il 42.5 59.5 4.202 0.828
45 63 4.711 0.928

47.5 66.5 5.249 1.034

I 50 70 5.816 1.146
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End Of Report



