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1. Introduction.

This report summarize the results of the testing of the TN535 small wind turbine in the context of the UK
MCS product certification [1,2].

The tests were performed according to BWEA 2008 standard for small wind turbines [3], which in turn
refers to the IEC 61400-2 [4], IEC 61400-11 [5] and IEC 61400-12 [6].

The tests were carried out by GL Garrad Hassan's WINDTEST? in Kaiser Wilhelm Koog (DE) [7].
The turbine tested was taken from the production line and is fully representative of current production

models. Any TN535 small wind turbine produced after July 1%t , 2012 meets the UK MCS certification
requirements and any machine sold into the UK will be affixed with the “MCS Approved Product” label.

Sincerely,

President of Tozz
C\

| . Certified by
BWEA small wind turbine i
standard, 2008 Kiwa

M Reference
Annual 7 3 O 0
‘ kWh

Energy

Annual average wind speed of 5 m/s (11mph). Your performance may vary

! GL Garrad Hassan's WINDTEST is a laboratory accredited for measurements according the IEC 17025 standard in the context
of IEC 61400-2 and other norms about wind energy.
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2. Power Curve
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The following tables shows the power performance test results for the TN535 small wind turbine,
normalized to a sea level air density of 1.225 kg/m?, in accordance to IEC 61400-12-1.

MEASURED POWER CURVE: TN 535
{database A)
coverage factor {assuming normal distributions): k=1
reference air density: 1.225 kg/m?® category A category B
cut-out windspeed: 16 m/s combined
bin hub height power cp no. of standard standard (expanded)
no. wind output values data sets uncertainty uncertainty uncertainty
speed
[m/s] [kW1] {10 min. avg.) [kW] [KW] (kW]
1 0.54 -0.03 247 0.00 0.10 0.10
2 1.03 -0.03 - 571 0.00 0.10 0.10
3 1.50 -0.04 726 0.00 0.10 0.10
4 2.02 -0.08 905 0.00 0.10 0.10
2 2.52 0.00 - 1504 0.00 0.10 0.10
6 3.01 0.34 0.148 2268 0.01 0.12 0.12
7 3.51 0.95 0.260 2812 0.01 0.16 0.16
8 4.00 1.70 0.313 3072 0.01 0.20 0.20
9 4.50 2865 0.343 3048 0.01 0.25 0.25
10 4.99 3.81 0.359 2660 0.02 0.32 0.32
11 5.51 522 0.367 2827 0.02 0.41 0.41
12 6.01 6.82 0.370 3135 0.02 0.50 0.50
13 6.50 8.30 0.355 3049 0.02 0.51 0.51
14 7.00 8.35 0.321 2898 0.01 0.40 0.40
15 7.50 9.87 0.275 2816 0.01 0.25 0.25
16 8.00 10.07 0.231 2978 0.00 0.19 0.19
17 8.49 10.13 0.194 2956 0.00 017 017
18 8.99 10.13 0.164 2365 0.00 0.17 0.17
19 9.50 10.13 0.139 1902 0.00 017 0.17
20 9.99 10.14 0.119 1658 0.00 017 0.17
21 10.50 10.14 0.103 1465 0.00 047 047
22 10.99 10.15 0.090 1205 0.00 017 0.17
23 11.48 10.14 0.079 903 0.00 0.17 017
24 11.98 10.13 0.069 514 0.00 0.17 017
25 12.50 10.12 0.061 290 0.00 017 0.17
26 12.98 10.08 0.054 182 0.03 017 0.18
27 13.50 10.11 0.048 134 0.01 017 0.17
28 14.02 10.11 0.043 78 0.01 017 017
29 14.50 10.10 0.039 43 0.01 047 047
30 14.94 10.11 0.036 21 0.02 0.17 0.17

Table 1 - Power Performance Result at sea level air density, 1.225 kg/m?3.
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The following graph shows the power performance test results for the TN535 small wind turbine,
normalized to a sea level air density of 1.225 kg/m3.
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Figure 1 - Mean power curve and power coefficient at sea level air density, 1.225 kg/m?.

BWEA Reference Power (kW) | 10.3

Maximum Power (kW) | 10.3

Cut-in Wind Speed (m/s) | 2.5

Cut-out Wind Speed (m/s) | 16.0

Table 2 - BWEA Definitions Results.
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3. Estimation of annual energy production.

The following tables shows the expected annual energy production upon the test results for the TN535

small wind turbine, normalized to a sea level air density of 1.225 kg/m3.

A Rayleigh wind speed distribution (Kshape=2.0) and a technical availability of 100% are assumed

according to BWEA [3].

ESTIMATED ANNUAL ENERGY PRODUCTION (AEP)
(database A)
extrapolation of the power curve between the highest WT: TN 535
measured wind speed and the cut-out wind speed cut-out wind speed: 16 m/s
with the average power at highest measured wind speed reference air density: 1.225 kg/m?
coverage factor k: 1
hub height AEP-measured Expanded uncertainty of AEP- AEP-extrapolated
annual average (measured measured (extrapolated
wind speed power curve) power curve)
(Rayleigh)
[m/s] [MWh] [MWh] [%] [MWh]
4.0 24,59 1.90 7.71 24.59
5.0 37.36 2.09 5.59 37.41
6.0 47.24 212 4.48 47.59
7.0 53.52 2.05 3.83 54.54
8.0 56.39 1.94 3.44 58.30
9.0 56.61 1.81 3.19 59.40
10.0 55.03 * 1.66 3.02 58.54
11.0 52.39 * 1.52 2.91 56.39

values marked with *: power curve incomplete acc. to IEC criteria for database

Table 3 - Estimated Annual Energy Production at sea level air density, 1.225 kg/m?3.

BWEA Reference Annual
energy (kWh)

37300

Table 4 - BWEA Reference Annual Energy.
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4. Acoustic noise levels.

The acoustic label of the TN535 small wind turbine is reported below.

Acoustic Noise Levels
Turbine Make: Tozzi Mord Model: TH 535 10 KW
MNoise Emission Level Noise Penalty
7-9m/
Sound Power L, 5.y, [dB(AI] | 84.8 Noise slope 5,5 E3 .6 x ;:; gggéi No

Wind speed at hub [m/s]

= MW k3O~ 0O

Lp60m= 413 dB(A)

Lp2sm= 488 dB(A)

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95100

Slant distance from hub [m]

> 45 dB(A)
40 - 45 dB(A)
<40 dB{A)

Figure 2 - Noise Label.

The BWEA Reference Sound Levels at 25m and 60m at an 8 m/s hub height wind speed are:

Lp2sm = 48,8 dB(A)
Lpsom = 41,3 dB(A)
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5. Duration test.

The following list states the main statistics of the Duration Test. All the requirements where successfully
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achieved.
Start date: 2011-10-26
End date: 2012-06-28

Tower: 18m, polygonal, flanged

Criteria Requirement Achieved Status
At least 6 month of 8 month Pass
operation
Power production at
any wind at least 2,500 4,555 hours Pass
General
hours
Power production at
wind speeds >= 15 m/s 53 hours Pass
at least 25 hours
Operational time o
fraction of at least 90% 97.8% Pass
No major failure of the
turbine or components No major failure Pass
in the turbine system
Reliable Operation No sygmﬁcant wear, No significant wear,
corrosion or damage to 4 Pass
; corrosion or damage
turbine components
No S|gn|f_|cant No significant
degradation of .
degradation of Pass
produced power at roduced power
comparison wind speed P P
. No
No excessive tower .
. . abnormal behavior
vibrations or )
: . could be noticed. No
Dynamic Behaviour resonances, . . Pass
. . ; noticeable oscillations
turbine noises or tail .
had occurred during the
and yaw movements X
test period

The turbine has been observed regularly during the test period at the whole range of wind speeds. As
the test site is located in close proximity to the GLGH office in Kaiser-Wilhelm-Koog the turbine was
constantly overseen. No abnormal behavior could be noticed.
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