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1 Executive Summary

PECC3 was commissioned by GIZ to conduct assessment of long term wind resource at 10 sites
under theP r o g WindhMeiasurement for Developing Wind Power Plan and Wind Power
Projectd For this purpose, it was planned at first thatind speed measuremenowd beper-

formed with 80m measurement tower and high quality measurement sahsah of these
sitesfor one yearHowever during the evaluation of measured data it was found out that long
term wind data from nearby meteoraiog) stations showed little correlation with measured data
thus it would be lack of grounds pve a statement about the representativeness of the mea
urement period regarding the letgym wind climate of the regioherefore, it was decided to
extend he wind measurement at those sites for another year.

The results of wind measurements for year 1 and for both years are sumriabied, which
presents wind climatological characteristics as Wind Speed, WdibRlrameter, Weibull -k
Parameter and Turbulence Intensity at each measurement height as well as general clirhatologica
site characteristics such &srtperature, air pressure and humidity

The following resultganbe hidglightedfor site My Thanh

U Measurd average wind speed at 80m in thed year wa 5.81m/s, 6.7% higherthan
the average wind speed recorded in the first year of 5.46 m/s.

0 Attempt was then made to make long term correction of measured data. Havingi-conduc
ed the measurement for a la@ngeriod, it now shows that the measured wind speeds
seem to correlate reasonably with long term wind data frori dlyeHoameteoological
station. It revealed that the measueantperiod fell into low wind speed perio@4.2%
long term average). Imgreting differently, measured wind speeambuld be asnuchas
106.2% higher.

U Correcting measured data with this wind index, the average wind speed at 8dym at
Thanhcould be as high &890m/ s whimedibmoi §yficl assi ficatior

industry.
Year 1 Two years

Wind Speed [m/s] 5.42 5.56

80m Weibull A-Parameter [m/s] 6.107 6.26
Weibull k-Parameter [-] 1874 1.8
Turbulence Intensity [-] 0.148 0.147

Wind Speed [m/s] 5.15 5.25

60m Weibull A-Parameter [m/s] 5.797 591
Weibull k-Parameter [-] 1.8449 182

Turbulence Intensity [-] 0.168 0.16

Wind Speed [m/s] 4.73 4.84

40m Weibull A-Parameter [m/s] 5.338 5.46
Weibull k-Parameter [-] 1873 182
Turbulence Intensity [-] 0.177 0.175

, ) Temperaturd.4m [°C] 27.30 2657
Site meteorological Pressurém [hPa] 10100 1010
parameters Relative humidityl4m %] 80.70 818

Tablel: Results of the wind measurement campaidiMn Thanh/ VietNan.
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2 Background and Scope

The assessment of long term wind resourddyalhanhisc ar r i ed out uWimder t h
measurement for developing wind power plan and wind power projesb wi t hi B- t he
work of theprojectfiEstablishment of legal framework and technical assistance to gird ne

nected wind power development in Viet Nam . e prégram is financed kthe German Fe-

eral Ministry for Environment, Nature Conservation and Nuclear S¢BM¥U) and The Mins-

try of Industry and Trade of Vietna(MolT) and is implemented bReutsche Gesellschaft fuer
International Zusammenarb€iG1Z) andthe Ministry of Industry and Trade (Mol T9f Vietham

The objectives of the program are to support local governn@ntsnduct wind power planning

in their provinces and at the same time suppoviate developers in their wind project deyelo

mens.

The program covers 10 sites scattering from North to South. For the purpose of suppprting pr
vate developers of wind power projects, some ofsitesare on areas with existing windopr
jects- those that have not undertaken wind measurement. Detailes# #ites are provided in

Table 2. BRI S

Province | Commune-District Existing
wind project
on the site?
Quang Binh | Hai Ninhi Quang Ninh Yes
Binh Dinh My Thanhi Phu My No
Xuan Hod Song Ca Yes
Phu Yen An Ninh Dongi Tuy An No
Gia Lai laDeri IA GRAI No
Kon Dongi Mang Yang No
Eaphei Krong Pak No
Daklak Ea Drang EAHLEO Yes
Lam Dong Da Loan Duc Trong No
Ben Tre Thanh Haii Thanh Phu No
Dangrék Mountains 'l
Table2: List of sites under the program {Vigtgam@

Kon!Dongl 3 Deryy. ' nanh
X

Implementers of the project with their rokasd e-

sponsibilities are briefly introduced below. y 8 o
CHSVC‘Z_Ahl‘fVImh City
German ProfEC asthe international consultant haes o &
. S e . Noher . ihanh Hal)j"
the following responsibilities: giving advice on SiffEee 132y Google
selection; providing specifications for travers . VS
booms and geometry of installations; giving advice
on installation strategy; esite supervisioncommssioning, documentation for the first system
and transfer knovihow in the process of conducting the work; remote supervision, advite, co
missioning, documentation for each subsequent systems. The régtigeesnd contact person

within German ProfEC GmbH i&Ir. Andreas Jansenwho is the Managing Director.

Page b



Final report of wind measuremeanGIZ/MolT Wind Energy Project

The Power Engineering Consulting Company No JPECCS3) is the local consultant witle-d
tailed responsibilities as follows: design of measurement masgediction, supervision of mast
erection, installation of sensors for 10 systems, making electrical connections and commissio
ing of the systems, egoing supervision of the measurement and realization of one year wind
and energy assessment. The represimet and contact person within PECC3Ms. Nguyen
Hoang Dung who is the Head of Power Network Development.

To back up the programdr. Nguyen Quoc Khanh wasselected. Mr. Khanh provides technical
supports to PECC3 while implementing the program inclugnegaration of the finakeports of
the 10 wind measurement stations.

Nam Kinh Co Ltd is the local mast manufacturer and installer. The representative and contact
person within Nam Kinh Co. Ltd. iMr. Phan Quoc Hao who is the Head of Management
Board.

This assessment of wind resourceVat Thanhis based on & complete year data at the site,
starting from the commission date. The long term reference data at the nearby meteorological
station is provided by the program owner. The assessment is suppodediimper of technical
documents which are outputs of the previous steps, to be described in thectienxs.se

The assessment like previous works has benefited from the technical guidance of German
ProfEC which was provided to ensure the assessment foroomo relevant standards and
common practices of professional wind evaluators.

Lastly, snce a detailed prediction of the wind resource of future periods, including tbhenod
of climate change, is not possible on the basis of present knowledgasgumed that the wind
resource to be expected is in average similar to that of the past about 10 to 20 years.
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3 Methodology

The wind measuremennit was commissioned in Aprd012. The building and assembly of the
structure of the measurement mast wasdaoted byNam Kinh Employee of PECC3 subs

quently installed the measurement equipment (devices and sensors) together with Nam Kinh
staff. The successful erection of the measurement structure according to specific requirements
(IEC, IEA, MEASNET, etc.) wa verified within a commissioning agreement between PECC3
and Nam Kinh. Subsequently for each mast at the date of starting operation a commissioning
agreement was signed between PECC3 and GIZ and a commissioning report was provided
through PECC3.

Concernig the setup of the measurement units it is referred to the following, previously provide
reports:

1 Commissioning / Installation Report on Wind Measurement UnitshyafThanh, Binh
Dinh from: 16/04/2012.

The economic success of a wind energy project is hps&cguestion of the achieved annuat e
ergy production. The energy vyield is typically determined during the planning processosf a pr
ject by measurements and migiting models. If the longerm achieved energy yield seriously
falls behind the planned kee, the diminished earnings can lead to the financial end of a project.
Thus the economic success depends on a reliable assessment of-teenhowind energy yield.

It is essential to forecast the average energy production over the live time (or ateprdcine)

of a wind farm project with as low as possible uncertainties attached.

To gain a reliable base for the assessment of the expected energy yield, a wind speed measur
ment directly at the proposed site is required. The measurement should betesbfoluat least

one complete year. A ongear period (if it agees to the recommended reqmients of quality)

will give the necessary information for lotgrm correlation and estimation of the general wind
climate in concern:

0 Direct wind conditions athe site for different heights
0 Measurement over a complete climatic period
U The local prevailing vertical wind profile

The disadvantage of this measurement is the restriction to-geameneasurement period and to
a single geographical position within thena farm area. To overcome these problems of the
shortterm measurements, a correlation to lbe@gn wind conditions has to be madéerever
possibleand- for determination of wind conditions for the entire wind farm araamicrasiting
model has to bapplied.

The longterm correlation is essential to level out the influence of the annual fluctuations of wind
speed. A wind speed measurement, carried out in a good year with energy productiorvabove a
erage, will lead to an overestimation of the expeeteergy yield, as long as loitgrm effects

are not taken into account. If for example a wind speed measurement is carried out during a year,
in which the energy yield is 10% higher than the average value, the subsequent annual energy
production estimationsand therefore the assessment of economic efficiemaly base on a $i

Page [/



Final report of wind measuremeanGIZ/MolT Wind Energy Project

uation that results 10% better than the lomgn conditions would permit. The assessmenteeof r
liable longterm wind speed conditions therefore is of vital importance for wind gmeogects.

Figure 1 shows how thghortterm measurements are used in combination with thetknmng
measuremeniThe upper bar represents the duration of the-tengp measurement taken at the
Reference Site for several years (here: 10 years). Withsnbin a small partition is depicted
(yellow), indicating a shoiterm measurement period (here one year), recorded at an identical
time period as the shetérm measurement, which is carried out at the proposed wind farm site
(Prediction Sitg. The red baindicates this shoferm period at the Prediction Site. The lower,
blue bar represents the leteym prediction that results from the Measurement Correlation and
Prediction MCP) procedure.

Reference Site:

Long-term measurement, including period of short-term measurement

94 95 96 97 98 99 00 01 02 03 04

Prediction Site: e
Long-term prediction P Short-term measuremeit M
A

)\
94 95 96 97 98 99 00 01 02 03 04

Figurel: Longterm correlation of wid speed measurement data conform the procedure measurement, correlation
and prediction (MCP)

A shortterm measurement performed at the Prediction Site is first correlated with a data set of
the Reference Site (lortlgrm measurement station) for the ideatitime period, producing a set

of correlation parameter, which will have even lower uncertainties attached the more stable the
conditions at the Reference Site has been during measurement. In a second stepténe long
prediction is performed for the &tiction Site by using the gained set of correlation parameter
and the longerm measured data from the Reference Site.

In brief, in terms ofong-term correlation three data records are required:

U A shortterm measurement at the Prediction Site {ypeer riod)
U A longterm measurement at the Reference Site

U A shortterm data set at the Reference Site, recorded withisahee period as the
shortterm measurement at the Prediction Site.

A long-term measurement station at thecatledReference Sifeshouldhave a recording time of
5 to 10 years or even more and should be located in an area, which
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U Is near the site of the shadrm measurement
U Is characterised by the same wind climatological conditions (same regional wind climate)

In most countriesvind sped measurements from meteorological weather services, airports or
military stationsexist These measurements usually are performed at low heights above ground
level (commonly 10 to 15m height above ground level) and are therefore strongly influenced by
the surrounding terrain and obstacles. These measurements thus have a big disadvantage; they
are of limited accuracy and not representative for greater height levels. Their big advantage is
that they are recorded over a long time period, often under stadiatiop conditions. Thisda

vantage makes them suitable for lelegn correlation and data alignment as long as the data
were recorded in a stable situation.

3.1 Considered Requirementswithin the Wind Potential Analysis

The measurementsere performed accordmto the current international standards IEC 61400
121 [Ref. 1]. The most important parameters to be considered for a high quality wind speed
measurement shall be givanbrief.

IEC 61400121 [Ref.1] is a standard for measuring the behaviour between wind speedwand po

er output of a wind turbine (F/ curve). Therefore it is not solely dealing with wind speed
measurements, but also with required data logging and power nmggstithe turbine. None¢h

less, this standarddue to i1 ts i mportance concerning re
power - contains the widest accepted requirements within its parts over wind speedemneasur
ment.

3.1.1 Documentation of the measurement stabin

Being able to evaluate and process the measurement data in an appropriate way and at any given
time, a complete documentation about the measurement is indispensable. THexel®R:be-
low represents the most impant pointshat wereconsidered during wind speed measurement.

Exact positions of the measuremesatish |  Geographical, UTM or similar rectangular-co
ordinates

Description of the measurement-sgt Exact measurement heights

Orientation of booms and windinenorth
mark (given as offset to the geographical
North-Pole)

Used recorder type (strip chart, digital etc.)
Installed sensors (temperature, air pressure
inclusive ID-numbers

E

= =4

Documentation of gaps in data recording Total annual missing hours

Lenghs of each missing period

Detailed information about changes in
measurement equipment

Reconstruction
Shift of location
Changes in surrounding

= =448 | =4
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Data sheets (if available) 9 Calibration data of the measurement sensor:
used

1 Changes of calibration curves araraneters

1 Numbers of calibration report

Table3: Recommended documentation of the measurement station

3.1.2 Measurement mast

The measurement mast iitself alreawhskepianlbw uenc
as possible. The anemometemsreinstaled at the mast in such a way that theuefice by the

mast and the extension arifimoms) wakept as low as possible. Therefore the anemometers
wereinstalled in aminimum requireddistance to the tower. Already during calibration oé-an
mometers the mauing shaft of theswasbe identical with theater outdoor installation in term

of fixing mechanism and diameter.

The electric cables of the sensamsreprotected against influence of the weather aedhanical
abrasion. Cablewerelaid within the tube of the shafand werefixed to the mast by cable ties
in short distance.

3.1.3 Extensionarms (Horizontal Booms)

Boomsare necessary wherever measurements need to be conducted at other heights than solely
at the top of the mast. The distance between mastraamdanetervas kept tdoe more than six
times the mastodos dRef.@leter for | attice towers

3.1.4 Tower height and measurement heights

The ideal height of the measurement would be the hub height of the wind turlggested for
installation.In this case, a 80 m tower is used which is the hub height of wind turbinesenost d
manded in the market however wind parameters are also measured at other heights 60 and 40 m
i so ready for interpolation or extrapolation of wiratalin case the hub height of the wind tu

bine is different.

3.1.5 Duration of the measurement campaigns

The measurement campaign with the wind measurementamgistally performedfor a period

of oneyear as recommend by the relevant standard and professiuimalevaluationHowever,

it was extended for another year to lower uncertainty of the assessment (pls. see abaherfor fu
information)

3.1.6 Equipment

Wind speedmeasurementare carried out for a longeriod ¢ one year). Therefor¢he closen
sensorswvere suitable for durable use. Thean everwork under extreme weather conditions.
The equipment conssbf components with high quality performances and reliable charscteri
tics. An error ofl % in wind speed means an error of & in energy yield. Theremometes
and wind vanes havier this reason ken calibrated in a wind tunnel suitable for windhergy
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purposes. Data sheets and calibration data of the semsmrsdocumentedand can be found in
AppendixB.

3.1.7 Data recording

The time series recorded costsdf average values, standard deviations, minimum and maximum
values for 10minute averages. The sampling interval was 1/s (1Hz) accordifRgfal].

Theretrieval ofof measurement data can éene bytwo ways,(i) manual read out and direct
connection of a Laptop tihe data loggeby a technical staff, and (ii) vid@SM mobile phone &

ta transfer. In the present program, sites which are located remotely (relative to Ho Chi Minh
city) are installed with GSM mola phone data transfewhich totals 5 (out of 10 systems)Pii-

or to that(which data retrieval option to be usgtdlecom signals at those sites were checked to
ensure the systems wark

3.1.8 Maintenance and monitoring ofmeasurementstation

To get secured nasurement data @uarterannualinvestigationand maintenancef the mea-
urement sition and the measurement datas performedDue to the permanent influence of the
weather the met mast and the sensors are subject to natural wear and tear.
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4 MeasurementResults

The following Table4 shows the starting date of operation for each measurement sitenThe fi
ishing date represents the ceiling of this firgdart.

Site Starting date Finishing date
My Thanh 16.04.2012 00:00 30.04.2015 23:50
Table4: Periods of evaluation of measurement data

The following Table 5 - Error! Reference source not found6 represent the most relevard-p
rameters describing the wind climatologii characteristics for each measurement site. The wind
speed values in this report represéribull fitted averagesFor some monthly evaluatiom®
Weibull-Fit was possible as due to strong prevailing main wind directions not all sectors were
coveredby a sufficient number of measurement d@eere was just no wind coming out of these
directions) or the measured wind speeds were too high for an accurate derivation of a Weibull
function. This however does not cause a problem fornhaad considerationyhich is relevant

for energy yield calculations, as for this period a Weibitllwas possible for all ations and a-

imuth sectors.
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The following Table 5 represents the orientation, type, serial number and calibrpéicameters
of the wind mesurement equipment usedMy Thanhstation.

Sensor Type Serial | Calibration- | H.a.g.l. | Boom ori- | North | Slope | Offset
Number [m] entation | label
[’] 1/
Offset
My Thanh Coordinates (UTM WGS84) X / Y:30330506 / 157010232
Top Are- Thiesist Class |11102419| 10/8164 | 80 . - | 0.04m4 | 0.242
mometer
Mid Ane- .
Thies 1st Class |1110247| 108166 60 - - 0.0436 | 0.250
mometer
BOUOM AN | rhies 1stClass |1110243| 10/8170 | 40 . - | 0.04576 | 0.267
emometer
. wind Vane
Wind Vane Thies4.3128. 06xx 11100838 - 80 315 135 - -
Data Logger| Ammonit Meteo32 | C100647 6 - - - -
Temperaturg P6312 14 i i i i
Sensor 1
Humidity P6312 14 . . . .
Sensor 1
Air Pressuresensor
Barometer AB6O 6 - - - -

Table5: Orientation, type, serial number and calibration patans of measurement equipmeniigt Thanhstation
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In terms of system performance, the data logger did not reladedfrom wind anemometer at
80 m heightfrom 05 Feb2013 to9 March2013due to cable failure

Attempt was made to fill missing data ugiqualified data measured at other heights. Te a
proach is first a relationship between wisigeedsat two heightss established, usually repr
sented by a linear equation. This relationship is then used to estimate missing data by lising qua
ified data athe other height. Spifically for the present measurement statioissing data a80

m height were filled by data & m. This way, a complete two year data were established. D
tailed approach is in the apmbx.

A summary on the measurement resulteldasntwo year completelata is given below while
details are in the Appendi¥igures in red are infered data while those in black are measured
one.

Table 6: Monthly averages of wind meteorological charactestics in My Thanh

Quantity/Year MSEH‘/ Jan | Feb | Mar |Apr |May |June|July |Aug |Sep|Oct |Nov | Dec | total
80m
2012 4.79 4.35 6.89 6.04 6.363.945.474.54 6.03 5.41
2013 6.40 5.69 4.834.75 4.51 5.09 4.79 6.064.526.04 7.69 8.1 5.71
Wind Speed 2014 | [m/s] | 6.75 4.50 4.463.74 4.89 7.19 5.66| 5.614.145.15 6.46 8.64 5.61
2015 6.47 4.83 4.495.33 5.29
Total 5.56
2012 529 4.89 7.74 6.82 7.16 4.466.125.08 6.81] 6.09
. 2013 7.20 6.41 5.445.40 5.04 573 5.37 6.895.0946.81 8.57] 8.95 6.4
weibull & 2014 | (mis] | 759 498 504420 547 8.0 6.39 6.324.6545.82 7.31 9.69 631
2015 7.24 5.45 5.066.02 5.95
Total 6.26
2012 1.58 1.66 2.37 2.24 2.331.8942.08 1.62 1.93 1.8
. 2013 2.75 1.8 1.751.69 1.56 1.8 2.07 2.141.702.27 3.07 3.89 1.95
V;’aer'gr‘i:!t‘er 2014 [] | 250 1.46 1.971.68 1.64 2.25 1.91 1.801.662.28 2.13 2.43 1.76
2015 1.89 2.01 1.821.96 1.82
Total 1.85
Turbulence Intensitj-] 0.147
60m
2012 4.50 4.09 6.47 5.69 6.003.775.14 4.37 574 5.12
2013 597 5.40 4.564.49 4.25 4.79 4.48 5.694.295.71 7.34 7.65 5.39
Wind Speed 2014 | [m/s] | 6.35 4.25 4.183.50 4.61 6.76 5.33 5.323.924.896.12 8.1 5.29
2015 6.11 453 4.245.03 4.99
Total 5.25
2012 5.09 4.59 7.28 6.43 4.264.355.80 4.83 6.44 5.76
. 2013 6.7 6.09 5.135.0d 4.75 5.39 5.07 6.404.796.44 8.19 8.4 6.07
Weibull A~ 5072 [mis] | 7.15 4.68 4.713.02 5.16 7.60 6.01 5.994.415526.02 9.17 594
Parameter
2015 6.85 5.11 4.795.68 5.62
Total 5.91
2012 1.58 1.66 2.37 2.18 1.8712.172.01 1.61 1.87 1.84
_ 2013 254 1.82 1.771.66 1.55 1.85 2.06 2.121.692.18 2.96 3.61] 1.92
Weibull k- 557271 1 [ 2.36 1.41 1.921.67 1.61] 2.19 1.90 1.79 1.692.16 2.03 2.34 1.73
Parameter
2015 1.81 1.94 1.771.89 1.77
Total 1.82
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Turbulence Intensity-] | 0.16
40m
2012 4,12 3.73 5.79 5.13 5.423.564.824.13 5.34 4.71
2013 5,53 5.09 4.234.22 3.90 4.34 4.07 5.11§3.895.326.86 7.10 4.97
wind Speed 2014 [m/s] | 5.88 4.00 3.853.25 4.22 6.02 4.81 4.873.644.575.73 7.59 4.88
2015 5.720 4.21 3.96 4.69 4.66
Total 4.84
2012 4.61 4.19 6.51 5.79 6.11 4.035.44 4.63 6.02 5.31
. 2013 6.24 5.74 4.794.80 4.3 4.89 4.59 5.764.376.027.66 7.8§ 5.61
VI\Dlzlrzlrjrzle?e-r 2014 [m/s] | 6.64 4.43 4.353.66 4.73 6.78 5.43 5.484.115.16 6.47] 8.54 5.49
2015 6.420 4.7 4.465.29 5.24
Total 5.46
2012 1.58 1.7Q0 2.40 2.21 2.38§1.901.98 1.67 1.89 1.88
. 2013 2.44 183 1.701.69 1.59 1.93 2.07 2.171.712.162.91 3.3§ 1.91
VF\>/aerlgrl:1"e|t(ér 2014 [-] 227 144 1911.69 1.62 2.16 1.94 1.841.782.091.98 2.29 1.73
2015 1.82 195 1.731.84 1.76
Total 1.82
Turbulence Intensity-] 0.175
Further meteorological parameters
Temperaturd.dm [°C] 2657
Pressuré&m [hPa] 1010
Relative humidityl4m
(%] L 81.8

Effectively, from 16 April 2012 to 30 April 201 meahvind sped recorded at 80 m high was
5.56 m/s. Main wind directions were between 0 to 30 degrees and from 225 to 255 degrees.
Wind speed is distributed accorditggWeibul equation with parameter A=662n/s and k=1.8.

Wind is stronger during June and next January and weak during the remaining monthd; especia
ly in May and in September. This monthly pattern complements hydro quite well which is plent

ful during April-Sept ember , and presently accoualidni ng f
output.

In terms of mean diurnal profile, wind is strong during daytime and weak during night time. This
characteristic is desirable as it can contribute to meeting noon geek i becoming higher

than evening peak where the drivers are increasing consumption of the commercial sector and
industry.

Despite these salient features, by classific
umo, not s o the nmeasarememnt was undarthkensirsa low wind speed ytbés
topic will be dealt in the next section.
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5 Long Term Correction

The above results came from the g@ar measurement froa6/04/2012 till 30/042015 which
does not necesshyrrepresent th long term wind climate at the site. Thus, a long term correction
of the resultds necessaryThe only available longerm data are from meteorological stations
which are measured in cities or towns at 10 m high aodllyswvith only 4 readings per dand
available only as monthly average values.

By an investigation, it was found out that measured data shows a reasonable correlation to long
term data fronTuy Hoameteorological station (correlation factor79).

10.00

9.00

8.00

7.00

6.00
5.00 —#— My Thanh

4.00 ——Tuy Hoa

3.00
2.00
1.00

0.00

May
July
7 Sep|
Mo
Jan
Mar
May|
o uly
Sep
Now |
Jan_
Mar
May
= July
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Now
Jan
< Mar |

Figure2: Correlation between measured data and long term data from meteorological station

Further study of meteorological data shows that the period of measurement fell into low wind
speed period, equivalent 84,2% of long term average values was shown in Figureh&tw
shows annual average wind speed from 1997 to 2013.

m/s
35

3.0

25 AW@
2.0 7&-/
15

1.0

0.5
0.0

Figure3: Annual average wind speedTaty Hoameteorological station
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Interpreting phenomena differently, actual wind speed could be as mu€b.2% higher than

the measred data.

Assuming this relationship held true in the past and in the future, it is then possible to make co
rection to measured data using this wind index, the average wind speed at 8@ynT lznh

then could be as high &90 m/s which isstill mediumby classification of wind energy indu
try. Certainly, there is unceinty with this which will be dealt with in the next section.
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6 Uncertainties of the wind measurement campaign

While measuring wind speed data diverse reasons may lead to un@stdiatiare attached to

the measured data. Within the wind measurement campaign it was strived to reducerthe unce
tainties to a minimum due to application of acknowledged standards and procedures concerning
the measurement equipment, the installation efejuipment, the structure of the measurement
mast as well as the data checking and correction methods. Mqreahf@rated wind measer

ment equipment was used. However, even by considering the above means some remaining u
certainties cannot be broughtddevel of zero. These uncertainties may be of systematia-or st
tistic nature. Uncertainties belonging to the laagnm variations are referring fmossible dew-

tion of the wind characteristics within the measurement period from the long term valagyand
statistical and systematic uncertainty introduced by the procedure, basstich data gaps
were filled.

Table7 represerdthe relative uncertainties attached to the wind datadtatbe My Thanh

Uncertainty
Uncertainty Component Comment of Wind
Speed [%]
Wind speed measurement
Anemometer calibration Ungertamty applied for whole wind tunnel cal 1.80%
bration range
Anemometer mounting effects
- Flow distortion Non ideal anemometer mounting 0.6%
- Shadow effect 0.5%
Uncertainty of correction of aerodynamic ove
Anemometer characteristics relative speeding including other effects of anemomet| 0.97%
properties
Estimated uncertainty due to possible deviatig
of the wind characteristics withthe meastea-
. . 2.82%
L ment period from the long term value and pos
Long-term variations - . . o
ble deviations of the wind characteristics withi 1%
the measurement period from the missing per
that was filled by statistical means
Data acquisition relative to mean wind speed | Uncertairty of data recording 0.1%
Total uncertainty wind data base 4.77%

Table7: Relative uncertainty of the meteorological datdgtThanhstation in terms of wind speed. All values-d
note the standard uncertainty in accordance to the International SteQigethisatioh

1 International Standards Organisation, Guide to the Expression of Uncertainty in Measure@fnt, 19
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7 Detailed Wind Measurement Data Analysis and Evaluation

Within Appendix A for each measurement height a detailed analysis report is provided.

The important features that descrthe characteristics of the wind climate at the artd thecor-
responding Appendix are described below

Measurement heigl

Analysis issué

80m 60m

40m

Statistics of records

Frequency Disibution
of Wind Direction ai80
m

Frequency Distribution
of Wind Speed

VI

Course of WindSpeed
(80m) and Whnd Direc-
tion (80m) over the day

VIiI

Course of Wind Speed
(80m) and Wind Dire-
tion (80m) over the
months

IX

Table3: Wind data analysis and evaluation for all measurement stations within Appendix A
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Appendix AT Detailed Wind Measurement Data Analysis and Evaluation
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60m height

Day
1

© 00N O~ WDN

WWNNNRNNNNNNNRRRPRRPRPRRERRERPRR
RO OO ~NO0OOUNRWNRPOOO~NUNWNTIERO

%

412 512 6.12 712 8.12 9.12 10.12 11.12 12.12
144 144 144 144 144 144 144 144

144 144 144 144 144 144 144 144
144 144 144 144 144 144 144 144
144 144 144 144 144 144 144 144
144 144 144 144 144 144 144 144
144 144 144 144 144 144 144 144
144 144 144 144 144 144 144 144
144 144 144 144 144 144 144 144
144 144 144 144 144 144 144 144
144 144 144 144 144 144 144 144
144 144 144 144 144 144 144 144
144 144 144 144 144 144 144 144
144 144 144 144 144 144 144 144
144 144 144 144 144 144 144 144
144 144 144 144 144 144 144 144
143 144 144 144 144 144 144 144 144
144 144 144 144 144 144 144 144 144
144 144 144 144 144 144 144 144 144
144 144 144 144 144 144 144 144 144
144 144 144 144 144 144 144 144 144
144 144 144 144 144 144 144 144 144
144 143 144 144 144 144 144 144 144
144 143 144 144 144 144 144 144 144
144 144 144 144 144 144 144 144 144
144 144 144 144 144 144 144 144 144
144 144 144 144 144 144 144 144 144
144 144 144 144 144 144 144 144 144
144 144 144 144 144 144 144 144 144
144 144 144 144 144 144 144 144 144
144 144 144 144 144 144 144 144 144
144 144 144 144 144

50.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Date

PECC3

25/54



Final report of wind measuremeanGIZ/MolT Wind Energy Project

Day

© 00N Ol WDN P

WWNNNRNNNNNNNRRRPRRPRRREPRERPRR
RO OO ~NOOUNRWNRPOOO~NOUNWNTIERO

S

1.13 2.13 3.13

143 144
144 144
144 144
144 144
144 144
144 144
144 144
144 144
144 144
144 144
144 144
144 144
144 144
144 144
144 144
144 144
144 144
144 144
144 144
144 144
144 144
144 144
144 144
144 143
144 91
144 91
144 144
144 144
144 0
144 0
144 0
100.0 97.3

79
0
0

18
0

o

4.13

O O O O O O O 0o o o o o

2]
N

144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144

0

58.6 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

5.13 6.13
144 144
144 144
144 144
144 144
144 144
144 144
144 144
144 144
144 144
144 144
144 144
144 144
144 144
144 144
144 144
144 144
144 144
144 144
144 144
144 144
144 144
144 144
144 144
144 144
144 144
144 144
144 144
144 144
144 144
144 144
144 0

7.13 813 9.13 10.13 11.13 12.13

144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144

144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144

144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144

0

144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144

144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144

0

144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144

Date

PECC3

26 /54



Final report of wind measuremeanGIZ/MolT Wind Energy Project

Day

© 00 NO Ul WDN P

W WNDNDNNNMNNMNMNNMNNMNNMNNRPEPRPPRPEPRPRPEPRPERPRPPRPER
P O OWOoWO~NO”OUURRWMNPEPODOO~NOO OGP~ WDNEO

=S

114 214 314 414 514 6.14

144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144

100.0 99.9 100.0 99.9 1000 100.0 100.0 100.0 100.0 100.0 100.0 100.0

144
143
144
141
144
144
144
144
144
144
144
144
144
144
144
143
144
144
144
144
144
144
144
144
144
144
144
144

0

0

0

144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144

143
144
144
144
144
143
143
143
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144

0

144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
142
144
144
144
144
144
144
144

144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144

0

7.14 814 9.14 10.14 11.14 12.14

144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144

144
144
144
144
144
144
144
144
144
144
144
144
144
144
143
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144

144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144

0

144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144

144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144

0

144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144

Date

PECC3

27154



Final report of wind measuremeanGIZ/MolT Wind Energy Project

215 315 415 515 6.15 7.15 8.15 9.15 10.15 11.15 12.15

1.15

3
al

144 144 144
144 144 144
144 144 144
144 144 144
144 144 144
144 144 144
144 144 144
144 144 144
144 144 144

144
144
144
144
144
143
144
144
144

AN M T O O~ 0o

144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144

143
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144

144
144
144
144
143
144
144
144
144
144
144
144
144
144
144
144
144
144
144

144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
143
144
144
144
144

144
100.0 100.0 100.0 100.0 0.0

o
i

i
i

N
i

13
14
15
16
17
18
19
20
21

22
23

24
25
26
27

28
29

30
31

0.0 0.0 0.0

00 00 0.0

0.0

%

28 /54

PECC3

Date



Final report of wind measuremeanGIZ/MolT Wind Energy Project
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Il -Frequency Didribution of Wind Direction at 80 m height at My Thanh Station
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Date

lIl -FrequencyDistribution of Wind Speed at 80m height at My Thanh Station
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FrequencyDistribution of Wind S peed at 40m height atMy Thanh Station
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IV -Course of Wind Speed 80m, 60m and 40over the day atMy Thanh Station
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Date

Appendix B i Calibration sheetsMy Thanh
My ThanhThies £' Class Anemometer at 80

fy Thirk - 10w
DEUTSCHER KALIBRIERDIENST DKD

Katibrierlaboratorium / Calibration laboratory
Akkreditiert durch die / accredited by the
Akkreditierungsstelle des Deutschen Kalibrierdienstes

Deutsche - Deutsche WindGuard Rikreaharunge
H Wind Tunnel Services GmbH
WindGuard e
The Wind Professionals DKD-K- 36801
10/8164
DKD-K-
Kalibrierschein Kalibrierzeichen | 36801
Calibration Certificate Calibration label
: 11/2010
Dieser Kalibrierschei dokumentiert die
ggggnstand 4.3351.10.000 Rlﬁcm‘fmrun:;I ;u'f nz;r:ionale No?rrllale z:u

Darstellung der Einheiten in Ubereinstimmung

Hersteller . . mit dem Internationalen Einheitensystem (SI).
Manufacturer Thies Clima Der DKD ist Unterzeichner der multi- lateralen
D-37083 Géttingen Ubereinkommen der European co-operation for

Accreditation (EA} und der international

Typ 4,3351.10.000 Laboratory Accreditation Cooperation (ILAC)

Type zur  gegenseitigen  Anerkennung  der
i < Kalibrierscheine.

Egg'ﬁﬁ,‘,,/ff,”e”‘““ Body: 11102449 Fir die Einhaltung einer angemessenen Frist

Cup: 11102449 zur Wiederholung der Kalibrierung ist der
Auftraggeber . Benutzer verantwortlich.
punragg Ammonit GmbH This calibration certificate documents the
D-10997 Berlin traceability to national standards, which realize
the units of measurement according to the
International System of Units (S}).

Auftragsnummer VT10799 The DKD is signatory to the multilateral

agreements of the European co-operation for

Anzahl der Seiten des Kalibrierscheines 3 lostetimtion. (EA) and of ‘e iaidtiond)

I Laboratory Accreditation Cooperation (ILAC)

Number:ofpages af theicertiicale for the mutual recognition of calibration
certificates.

Datum der Kalibrierung 5 14 2910 The user is obliged to have the pbject

recalibrated at appropriate intervals.

Dieser Kalibrierschein darf nur vollstandig und unveréndert weiterveroreitet werden. Ausziige oder Anderungen bediirfen
der Genehmigung sowohl der Akkreditierungsstelie des DKD als auch des ausstelienden Kalibriertaboratoriums.
Kalibrierscheine ohne Unterschrift und Stempel haben keine Giltigkeit.

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

Stempel .\;130[) Datum Leiter des Kalibrierlaboratoriums Bearbeiter
Seal Q '~ \ Date i .
26.11.2010 Head gf the calibration iaboratory Person in gharge
s»nm-x- ll - R
5, e 3 . (A5 pe—
/6” . 6\0 Dipl. Phys. D. Westermann Dipl. ing. (FH) Catharina Herold
8
T m—

Deutsche WindGuard Wind Tunne! Services GmbH e
Oidenburger Str. 65 Deutsche L
ard

26316 Varel ; Tel. ++49 (0)4451 9515 0 WiﬂdGU

PECC3
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Ort der Kalibrierung
Place of calibration

o 10/8164
DKD-K-
36801
11/2010

Kalibriergegenstand

Object Anemometer

Kalibrierverfahren

Calibration procedure 1EC 61400 12 1 - Wind Turbine Power Performance Testing 12 2005

MEASNET - Cup Anemometer Calibration Procedure — 09 1997
1SO 3966 — Measurement of fluid in closed conduits - 1977

Windtunnel! of Deutsche WindGuard, Varet

Messbedingungen
Test Conditions wind tunnel area "

- ’ anemometer frontal area
diameter of mounting pipe ¥
blockage ratio
blockage correction *

Umgebungsbedingungen

Test conditions air temperature
air pressure
relative air humidity

Akkreditierung

Accreditation 08/2009

-~

Anmerkungen

Remarks

Auswertesoftware

Software version

R der ase des Wi
2 Q

i) des Prifiings inkl. Montagerohr
* Durchmesser des Montagerohrs

* Verhaitnis von 2} zu 1}

* Korrekturtaktor durch die der Srdmung durch den Prifling

A g: Aufgrund der iglien K der ist keine

Dieser Kalibrierschein wurde elektronisch erzeugt
This calibration certificate has been generated electronically

10000 cm?
230 cm?
34 mm
0.023 []
1.000 {-}

208°C +0.2K
1004.4 hPa *0.3 hPa

329 % +20%

5.0

ndtig.

Remark: Due to the special construction of the test section no blockage correction is necessary

Deutsche WindGuard Wind Tunnel Services GmbH
Oldenburger Str. 65
26316 Varel ; Tel. ++49 (0)4451 95150

Deursche -

WindGuard“

Date PECC3

38/54



Final report of wind measuremeanGIZ/MolT Wind Energy Project

Date

g 10/8164
DKD-K-
36801
11/2010
Kalibrierergebnis:
Result:
Test ltem (1/s) Tunnel Speed (m/s) Uncertainty (k=2) (m/s)

85.519 4.155 0.05

127.865 6.108 0.05

168.248 7.972 0.05

208.740 9.823 0.05

251.669 11.776 0.05

293.444 13.743 0.05

336.773 15.703 0.05

314.600 14.659 0.05

271.878 12.768 0.05

229.034 10.784 0.05

187.571 8.871 0.05

145.808 ) 6.954 0.05

107.961 5.201 0.05

Angegeben ist die erweiterte Messunsicherheit, die sich aus der Standardmessunsicherheit durch
Muttiplikation mit dem Erweiterungsfaktor k=2 ergibt. Sie wurde gemaB DKD-3 ermitteit. Der Wert der
MessgroBe fiegt mit einer Wahrscheinlichkeit von 95 % im zugeordneten Wertintervall,

Der Deutsche Kalibrierdienst ist Unterzeichner der multilateralen Ubereinkommen der European co-
operation for Accreditation (EA) und der International Laboratory Accreditation Cooperation (ILAC) zur
gegenseitigen Anerkennung der Kalibrierscheine. Die weiteren Unterzeichner innerhalb und auBerhalb
Europas sind den Internetseiten von EA (www.european-accreditation.org) und ILAC (www.ilac.org) zu
entnehmen.

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

The DKD is signatory to the multilateral agree-ments of the European co-operation for Accredita-tion (EA)
and of the International Laboratory Accreditation Cooperation (ILAC) for the mutual recognition of calibration
certificates.

Deutsche WindGuard Wind Tunnel Services GmbH

Deutschi pa—
Oldenburger Str. 65 utsche p—

26316 Varel ; Tel. ++49 (0)a451 9515 0 WiﬂdGUCI'd

PECC3
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Date

Anhang
Annex

Nljd Thank - ¥0m

10/8164

1 Detailed MEASNET' Calibration Results

DKD calibration no.

Body no.

Cup no.

Date

Air temperature
Air pressure
Humidity

10/8164

11102449 o
11102449 s
26.11.2010 ®
20.8°C e
1004.4 hPa
32.9%

Linear regression analysis

Slope 0.04594 (m/s)/(1/s) +0.00008 (m/s)/(1/s)
Offset 0.242 m/s £0.017 m/s
Sterr(Y) 0.021 mis
Correlation coefficient 0.999985
Remarks no
Calibration No: 10_8164; Body No: 11102449; Cup No: 11102449
WhoGuend
15 Log P 0.1
.
- .
= -
= * * . . i
§1° LY e e . g i e 1o
3 * [ ] .
b~} a *
g .
. L]
5 ] 1014
L]
[ 50 100 150 200 250 300 350 400
sicpw 0,04504 Anermometer output /s
offeat. 0202
BB e * Mok, = Wi

') According to MEASNET Cup Anemometer Calibration Procedure 09/1997.
Deutsche WindGuard Wind Tunnet Services is accredited by MEASNET and by the Deutscher Kalibrierdienst
— DKD (German Catibration Service). Registration: DKD — K — 36801

Residuals / mis

Deutsche WindGuard Wind Tunnel Services GmbH

Oldenburger Str. 65

26316 Varel ; Tel. ++49 (0)4451 95150

Deutsche

WindGu

Pl
ard

PECC3
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Date

Anhang

Annex 10/8164

2 Instrumentation

Pos. Sensor Manufa. Identification Year
1 Pitot static tube Airlow 483/8 Nr. 000142 02
2 Pitot static tube Airflow 483/8 Nr. 000143 02
3 Pitot static tube Airflow 483/8 Nr. 000144 02
4 Pitot static tube Airflow 483/8 Nr. 000145 02
§ | Pressure transducer Setra C 239 Nr. 1688081 02
6__i Pressure transducer Setra C 239 Nr. 1688082 02
7 | Pressure transducer Setra C 239 Nr. 1688083 02
8 | Pressure transducer Setra C 239 Nr. 1688084 02
S | El. Barometer Vaisala 100 A Nr. X2010004 02
10_| EL Thermometer Galltec KPK 1/6-ME 02
11 [ El._Humidity sensor Galltec KPK 1/6-ME 02
12 { Wind tunnel contral 2 B =
13 _} CAN-BUS/PC esd - 04
14 | Anemometer -

15 | Universal Isolator Knick P2700 - 98430 Qs

Table 1 Description of the data acquisition systermn

Remark: Last Re-accreditation see page 2

3 Photo of the calibration set-up

Calibration set-up of the anemometer calibration in the wind Remark: The proportion of the set-up are not true to scale due to
tunnel of Deutsche WindGuard, Varel. The anemometer imaging geometry.
shown is of the same type as the calibrated one.

4 Deviation to MEASNET procedure
The calibration procedure is in all aspects in accordance with the IEC 61400-12-1 Procedure
5 References

[1] D. Westermann, 2009 - Verfahrensanweisung DKD-Kaiibrierung von Windgeschwindigkeitssensoren
{2] IEC 61400-12-1 12/2005 - Wind Turbine Power Performance Testing

{3] ISO 3966 1977 - Measurement of fluid flow in closed conduits

[4] MEASNET 09 1997 - Cup Anemometer Calibration Procedure

Deutsche WindGuard Wind Tunnel Services GmbH

—
Oldenburger Str. 65 Deutsche ai——
ard

]
26316 Varel ; Tel. ++49 (0)4451 9515 0 WdeU

PECC3
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Date

My ThanhThies ' Class Anemometer at 60

11

Hg Thor. - 60
DEUTSCHER KALIBRIERDIENST DKD

Kalibrierlaboratorium / Calibration laboratory
Akkreditiert durch die / accredited by the
Akkreditierungsstelle des Deutschen Kalibrierdienstes

Deutsche —— Deutsche WindGuard R e
s Wind Tunnel Services GmbH (R aN\=3
WindGuard Host
The Wind Professionals DKD-K- 36801

10/8166
DKD-K-

Kalibrierschein Kaiibrierzeichen | 36801

Calibration Certificate Calibration label
11/2010

Darstellung der Einheiten in Ubereinstimmung

mit dem Internationalen Einheitensystem (SI).
Eﬁ,fﬁ,,‘i'}i[,, Thies Clima Der DKD ist Unterzeichner der multi- lateralen
D-37083 Géttingen Ubereinkommen der European co-operation for
Accreditation (EA} und der International
Typ 4.3351.10.000 Laboratory Accreditation Cooperation (ILAC)
type : zur  gegenseiigen  Anerkennung  der
. . Kalibrierscheine.
ggp;'zﬂgg?"enwr' Body: 11102447 Fur die Einhaltung einer angemessenen Frist
Cup: 11102447 zur Wiederholung der Kalibrierung ist der
Benutzer verantwortlich.
ég:gg%geber Ammonit GmbH This calibration certificate documents the
- D-10997 Berlin traceability to national standards, which realize
the units of measurement according to the
International System of Units (Si).
Auftragsnummer VT10799 The DKD is signatory to the multilateral
Qegerig agreements of the European co-operation for
Anzahl der Seiten des Kalibrierscheines 3 Accreditation (EA) and of the Interational
= Laboratory Accreditation Cooperation (ILAC)
Number of pages of the certificate for the mutual recognition of calibration
D der Kalibri certificates.
Do gerKamnenng o6 11:2010 The user is obliged to have the object

recalibrated at appropriate intervals.

Dieser Kalibrierschein darf nur vollstandig und unverandert weiterverbreitet werden. Auszige oder Anderungen bediirfen
der Genehmigung sowohl der Akkreditierungssteile des DKD als auch des ausstellenden Kalibrierlaboratoriums.
Kalibrierscheine ohne Unterschrift und Stempel haben keine Giitigkeit.

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

Stempel Leiter des Kalibri riums B
Seal Head gf the calibration laboratory Person in gharge
M —
3 o . S pree——

7 Dipl. Phys. D. Westermann Dipl. Ing. {FH) Catharina Heroid
Deutsche WindGuard Wind Tunnel Services GmbH —
Oldenburger Str. 65 by
26316 Varel ; Tel. ++49 (0)4451 95150 WindGucrd

PECC3
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Seite 2
Page

10/8166

DKD-K-
36801

11/2010

Kalibriergegenstand
Object

Kalibrierverfahren
Calibration procedure

Anemometer

IEC 61400 12 1 - Wind Turbine Power Performance Testing 12 2005
MEASNET - Cup Anemometer Calibration Procedure — 09 1997
ISO 3966 — Measurement of fluid in closed conduits - 1977

Ort der Kalibrierung
Place of calibration

Messbedingungen
Test Conditions wind tunnel area "

- anemometer frontal area ¥
diameter of mounting pipe 3
blockage ratio ¥
blockage correction ¥

Umgebungsbedingungen

Test conditions air temperature
air pressure
relative air humidity

Akkreditierung

& Accreditation 08 /2009

Anmerkungen

Remarks

Auswertesoftware

Software version

e der A Gse des Windkanals

Qi i ) des Prifings inkl. Montagerohr

' Durchmesser des Montagerohrs
" Verhalinis von 2} zu 1)

" Korrekturfaktor durch die Verdrangung der Strdmung durch den Priffling
Anmerkung: Aufgrund der spezielien K ion der

]

st keine

Dieser Kalibrierschein wurde elektronisch erzeugt
This calibration certificate has been generated electronically

Windtunnel of Deutsche WindGuard, Varel

10000 cm?
230 cm?
34 mm
0.023[-]
1.000 [-]

20.8°C 02K
1004.6 hPa +0.3 hPa

327 % +20%

5.0

ndtig.

Remark: Due to the special construction of the test section no blockage correction is necessary

Deutsche WindGuard Wind Tunne! Services GmbH
Oldenburger Str. 65
26316 Vare! ; Tel. ++49 (0)4451 95150

Deutsche p—

WindGuard

Date PECC3
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Date

Seite 3

Page 10/8166
DKD-K-
36801
11/2010
Kalibrierergebnis:
Result:
{ Test Item (1/s) : Tunnel Speed (m/s) ' Uncertainty (k=2) (m/s)
85434 4.150 005
128.003 6.121 0.05
168.712 7.981 0.05
208268 9.809 005
251430 11.777 0.05
294195 13.756 005
336,929 15.705 005
314654 14.654 005
i 272.640 12.761 0.05
l 229.425 10.780 005
188.457 8.877 005
146.018 6.963 0.05
107.172 5477 005

Angegeben ist die erweiterte Messunsicherheit, die sich aus der Standarcmessunsicherheit durch
Multiplikation mit dem Erweiterungsfaktor k=2 ergibt. Sie wurde gemaB DKD-3 ermittelt. Der Wert der
MessgroBe liegt mit einer Wahrscheinlichkeit von 95 % im zugeordneten Wertintervall.

Der Deutsche Kalibrierdienst ist Unterzeichner der multilateralen Ubereinkommen der European co-
operation for Accreditation (EA) und der International Laboratory Accreditation Cooperation (ILAC) zur
gegenseitigen Anerkennung der Kalibrierscheine. Die weiteren Unterzeichner innerhalb und auBerhalb
Europas sind den Internetseiten von EA (www.european-accreditation.org) und ILAC (www.ilac.org) zu
entnehmen.

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

The DKD is signatory to the multilateral agree-ments of the European co-operation for Accredita-tion (EA)

and of the International Laboratory Accreditation Cooperation (ILAC) for the mutual recognition of calibration
certificates.

Deutsche WindGuard Wind Tunnel Services GmbH Deutsche p—
Oldenburger Str

26316 Va'rgef; Tel. si« (0)4451 9515 0 WindGuard

PECC3

44 /54



Final report of wind measuremeanGIZ/MolT Wind Energy Project

Date

Hg Thorbs - 60m
DEUTSCHER KALIBRIERDIENST DKD

Kalibrierlaboratorium / Calibration laboratory
Akkreditiert durch die / accredited by the
Akkreditierungsstelle des Deutschen Kalibrierdienstes

Deutsche — Deutsche WindGuard ot
WindGucrd Wind Tunnel Services GmbH =
The Wind Professionals Varel DKD-K- 36801
10/8166
DKD-K-
Kalibrierschein Kalibrierzeichen | 36801
Calibration Certificate Calibration label
11/2010
Ge enétand Dieser Kalibrierschein  dokumentiert  die
Objgct 4.3361.10.000 Riickfihrung auf nationale Normale zur
Darstellung der Einheiten in Ubereinstimmung
Hersteller . ! mit dem Internationalen Einheitensystem (S).
Manufacturer Thies Clima Der DKD ist Unterzeichner der multi- lateralen
D-37083 Géttingen Ubereinkommen der European co-operation for

Accreditation (EA) und der International

Typ ' 4.3351.10.000 Laboratory Accreditation Cooperation (ILAC)
lyoe . zur  gegenseitigen  Anerkennung  der
. N Kalibrierscheine.
52,5?;'5'3‘,‘,,’&?'9"'”'- Body: 11102447 Firr die Einhaltung einer angemessenen Frist
Cup: 11102447 zur Wiederholung der Kalibrierung ist der
Benutzer verantwortlich.

éﬁ:}g%%?ebe' Ammonit GmbH This calibration certificate documents the
: D-10997 Berlin traceability to national standards, which realize

the units of measurement according to the
International System of Units (S!).
Aultaganammer VT10799 The DKD is signatory to the multilateral
rierNG, agreements of the European co-operation for
" —_— . Accreditation (EA) and of the International
Qﬂ%ﬂ?fﬁe’ Sg‘:‘g?:}yggsm}ééll'g”ers‘:he‘"es 3 Laboratory Accreditation Cooperation (ILAC)
(30 for the mutual recognition of calibration
i certificates.
B;‘e“;}‘cgf?b',a’fg,‘,‘ ! 26.11.2010 The user is obliged to have the object
recalibrated at appropriate intervals.

Dieser Kalibrierschein darf nur volistandig und unverindert weiterverbreitet werden. Auszlige oder Anderungen bediirfen
der Genehmigung sowoh! der Akkreditierungsstelle des DKD als auch des ausstellenden Kalibrierlaboratoriums.
Kalibrierscheine ohne Unterschrift und Stempel haben keine Giiltigkeit.

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

Stempel Leiter des Kalibrierlaboratoriums Bearbeiter
Seal Head gf the calibration taboratory Person in gharge
J —

Dipl. Phys. D. Westermann Dipl. ing. (FH) Catharina Herold
Deutsche WindGuard Wind Tunnel Services GmbH h g
Oldenburger Str. 65 Saliuchs -
26316 Varel ; Tel. ++49 (0)4451 95150 WlﬂdGUﬂl’d

PECC3
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Date

Anhang

Annex 10/8166

2 Instrumentation

Pos. Sensor Manuta. Identification Year
1 Pitot static tube Airtlow 483/8 Nr. 000142 02
2 _| Pitot static tube Airflow 483/8 Nr. 000143 02

Pitot static tube Airflow 483/8 Nr. 000144 02
Pitot static tube Airflow 483/8 Nr. 000145 02
Pressure transducer Setra C 239 Nr. 1688081 02
Pressure transducer Setra C 239 Nr. 1688082 02
Pressure tiansducer Setra C 239 Nr. 1688083 02
8 _| Pressure transducer Setra C 239 Nr. 1688084 02
8 __| El Barometer Vaisala 100 A Nr. X2010004 02
10 | El Thermometer Galltec KPK 1/6-ME 02
1 El._Humidity sensor Gallitec KPK 1/6-ME Q2
12| Wind tunnel control - - -
1 CAN-BUS / PC esd - 04
1 Anemometer 5
15 ] Universal isolator Knick P2700 - 98430 05

Table 1 Description of the data acquisition system

Remark: Last Re-accreditation see page 2

3 Photo of the calibration set-up

Calibration set-up of the anemometer calibration in the wind

n Remark: The proportion of the set-up are not true to scale due to
tunnel of Deutsche WindGuard, Varel. The anemometer imaging geometry.

shown is of the same type as the calibrated one.

4 Deviation to MEASNET procedure

The calibration procedure is in all aspects in accordance with the IEC 61400-12-1 Procedure

5 References

[1] D. Westermann, 2009 - Verfahrensanweisung DKD-Kalibrierung von Windgeschwindigkeitssensoren
{2] IEC 61400-12-1 12/2005 - Wind Turbine Power Performance Testing

[3]1ISO 3966 1877 - Measurement of fluid flow in closed conduits

[4] MEASNET 09 1997 - Cup Anemometer Calibration Procedure

Deutsche WindGuard Wind Tunnel Services GmbH

P
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Date

My ThanhThies ' Class Anemometer at #0

Hgd Thah - 40
DEUTSCHER KALIBRIERDIENST DKD

Kalibrierlaboratorium / Calibration laboratory
Akkreditiert durch die / accredited by the
Akkreditierungsstelle des Deutschen Kalibrierdienstes

Deutsche —— Deutsche WindGuard i
H Wind Tunnel Services GmbH = AN
WindGuard \ Ser
The Wind Professionals DKD-K- 36801
10/8170
DKD-K-
Kalibrierschein Kalibrierzeichen | 36801
Calibration Certificate Calibration label
’ 11/2010

Darsteliung der Einheiten in Ubereinstimmung

Hersteller . i mit dem Internationalen Einheitensystem (Sl).
ManiEctiner Thies Clima Der DKD ist Unterzeichner der muiti- lateralen
D-37083 Géttingen Ubereinkommen der European co-operation for
Accreditation (EA] und der International
%Yp% 4.3351.10.000 Laboratory Accreditation Cooperation (ILAC)

zur gegenseitigen Anerkennung der
Kalibrierscheine.

Eg,',';’,‘b;‘,,',{,?f,"e”‘”" Body: 11102443 For die Einhaltung einer angemessenen Frist
Cup: 11102443 zur Wiederholung der Kalibrierung ist der

Auftraggeber ) Benutzer verantwortlich.

Coaagd Ammonit GmbH This calibration certificate documents the
D-10997 Berlin traceability to national standards, which realize

the units of measurement according to the
International System of Units (S}).

Auftragsnummer VT10799 The DKD is signatory to the multitateral
Ordas o, agreements of the European co-operation for
. L N Accreditation (EA) and of the international
zg}gg' gg;gig'g‘?ggg’%gggﬂer“hemes 3 Laboratory Accreditation Cooperation (ILAC)
for the mutual recognition of calibration

certificates.

B,;"‘,‘e“g‘c‘;‘fg,a,'(,-ﬁ,,“b“e'”“g 26.11.2010 The user is obliged to have the object

recalibrated at appropriate intervals.

Dieser Kalibrierschein darf nur volistandig und unverandert weiterverbreitet werden. Ausziige oder Anderungen bedirfen
der Genehmigung sowoh! der Akkreditierungsstelie des DKD als auch des ausstelienden Kalibrierlaboratoriums.
Kalibrierscheine ohne Unterschrift und Stempel haben keine Gultigkeit.

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

Stempel .\)\‘CI; Datum Leiter des Kalibriertaboratoriums Bearbsiter
Seal fQ Date Head gf the calibration laboratory Person in gharge
DKD-K- - 26.11.2010 A~ T
% 80 o A
Dipl. Phys. D. Westermann Dipl. Ing. (FH) Catharina Herold

% e
/6’ lat 6\
T ———

Deutsche WindGuard Wind Tunnel Services GmbH De. ,/,”_,.
Oldenburger Str. 65 utsche
26316 Varel ; Tel. ++49 (0)4451 95150 WindGuard
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Seite 2
Page

10/8170

DKD-K-
36801

11/2010

Kalibriergegenstand
Object -

Kalibrierverfahren
Calibration procedure

Ort der Kalibrierung
Piace of calibration

Anemometer

1EC 61400 12 1 - Wind Turbine Power Performance Testing 12 2005
MEASNET - Cup Anemometer Calibration Procedure — 09 1997
1SO 3966 — Measurement of fluid in closed conduits - 1977

Windtunnel of Deutsche WindGuard, Varel

" Durchmesser des Montagerohrs
' Verhaitnis von 2) zu 1)

2
3
<
S Korrekturfaktor durch die Ve

igung der Strdmung durch den Prifling

"g: Autgrund der K: k der ist keine

Dieser Kalibrierschein wurde elektronisch erzeugt
This calibration certificate has been generated electronically

nétig.

Messbedingungen

Test Conditions wind tunnel area " 10000 cm?
anemometer frontal area ? 230 cm?
diameter of mounting pipe ¥ 34 mm
blockage ratio ¢ 0.023 [
blockage correction ¥ 1.000 [-]

Umgebungsbedingungen

Test conditions air temperature 20.8°C +02K
air pressure 1004.7 hPa *0.3 hPa
relative air humidity 324 % +20%

Akkreditierung

Accreditation 08 /2009

Anmerkungen -

Remarks

Auswertesoftware 5.0

Software version

" a i der A des

Q rf) des Priflings ink!. Montagerohr

Remark: Due 1o the special construction of the test section no blockage correction is necessary

Deutsche WindGuard Wind Tunnel Services GmbH
Oldenburger Str. 65
26316 Varel ; Tel. ++49 (0)4451 9515 0

Deutsche

WindGuard

L~
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Date

Pl 10/8170
DKD-K-
36801
11/2010

Kalibrierergebnis:

Result:

Test item (1/s) Tunnel Speed (m/s) Uncertainty (k=2) (m/s)
85.373 4155 0.05
127.992 6.118 0.05
188.492 7.976 0.05
208.279 9.821 0.05
[ 251.430 11.770 0.05
| 293.906 13739 0.05
f 337421 - 15.699 0.05
314.758 14,650 0.05
272.882 12.757 0.05
230.070 10.778 0.05
187.845 8.876 0.05
145.963 6.954 0.05
107.843 5207 0.05

Angegeben ist die erweiterte Messunsicherheit, die sich aus der Standardmessunsicherheit durch
Multiplikation mit dem Erweiterungsfaktor k=2 ergibt. Sie wurde gemaB DKD-3 ermittelt. Der Wert der
MessgrdBe liegt mit einer Wahrscheinlichkeit von 95 % im zugeordneten Wertintervail.

Der Deutsche Kalibrierdienst ist Unterzeichner der multilateralen Ubereinkommen der European co-
operation for Accreditation (EA) und der International Laboratory Accreditation Cooperation (ILAC) zur
gegenseitigen Anerkennung der Kalibrierscheine. Die weiteren Unterzeichner innerhalb und auBerhalb
Europas sind den Internetseiten von EA {www.european-accreditation.org) und ILAC (www.ilac.org) zu
entnehmen.

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

The DKD is signatory to the muitilateral agree-ments of the European co-operation for Accredita-tion (EA)
and of the international Laboratory Accreditation Cooperation (ILAC) for the mutual recognition of calibration
certificates.

Deutsche WindGuard Wind Tunnel Services GmbH Deutsche p—
Oldenburger Str. 65

26316 Vare! ; Tel. ++49 (0)4451 9515 0 WiﬂdGUG?d
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Date

Anhang
Annex

M(j/ Think - 40m

10/8170

1 Detailed MEASNET' Calibration Results

DKD calibration no. 10/8170

Body no. 11102443 5y
Cup no. 11102443 ey
Date 26.11.2010 =\
Air temperature 20.8 °C e
Air pressure 1004.7 hPa

Humidity 324 %

Linear regression analysis

Slope 0.04576 (m/s)/(1/s) +0.00005 (m/s)/(1/s)
Offset 0.267 m/s £0.012 m/s
St.err(Y) 0.013 m/s
Correlation coefficient 0.999992
Remarks no
Calibration No: 10_8170; Body No: 11102443; Cup No: 11102443
20 (5mae - - - — 02
WndQuerd
15 . 01
£ : £
b - -
gw Sonags % e : . : . - 0o 8
- 5 s
é u 4
a2
5 L] {04
o 50 100 150 200 250 350 400
sope 004578 Anemometer output /s
w;ﬁ}m:mzw ¢ Resldiis & Wi saeed

1) According to MEASNET Cup Anemometer Calibration Procedure 09/1997.
Deutsche WindGuard Wind Tunnel Services is accredited by MEASNET and by the Deutscher Kalibrierdienst
~ DKD (German Calibration Service). Registration: DKD - K — 36801

Deutsche WindGuard Wind Tunnel Services GmbH

Deutsche /,\-;:""
?é??%".’i?’; ?tefl'.iiw (0)4451 9515 0 MﬂdGUCrd
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Date

Anhang

Annex 10/8170

2 Instrumentation

Pas. Sensor Manuta. Identification Year
1 Pitot static tube Airflow | 483/8 Nr. 000142 02
2 Pitot static tube Airflow 83/8 Nr. 000143 02

Pitot static tube Airflow 83/8 Nr. 000144 02
4 Pitot static tube Airflow 83/8 Nr. 000145 02

Pressure transducer Setra C 239 Nr. 1688081 02
6 Pressure transducer Setra C 239 Nr. 1688082 02

Pressure transducer Setra C 239 Nr. 1688083 02
8 | Pressure transducer Setra C 239 Nr. 1688084 02
9 | El. Barometer Vaisala 100 A Nr. X2010004 02
10| El. Thermometer Galtec KPK 1/6-ME | 02
111 Ei. Humidity sensor Galltec _ KPK 1/6-ME 02
12 | Wind tunne! control - 4 s
13 [ CAN-BUS/PC esd 3 04
14__| Anemometer -
15 | Universal Isolator Knick P2700 - 88430 05

Table 1 Description of the data acquisition system

Remark: Last Re-accreditation see page 2

3 Photo of the calibration set-up

Calibration set-up of the anemometer calibration in the wind Remark: The proportion of the set-up are not true to scale due to
tunnel of Deutsche WindGuard, Varel. The anemometer imaging geometry.
shown is of the same type as the calibrated one.

4 Deviation to MEASNET procedure
The calibration procedure is in all aspects in accordance with the IEC 61400-12-1 Procedure
5 References

[1] D. Westermann, 2009 - Verfahrensanweisung DKD-Kalibrierung von Windgeschwindigkeitssensoren
[2] IEC 61400-12-1 12/2005 - Wind Turbine Power Performance Testing

[311SO 3966 1977 - Measurement of fluid flow in closed conduits

[4) MEASNET 09 1997 - Cup Anemometer Calibration Procedure

Deutsche WindGuard Wind Tunnel Services GmbH

g
Oldenburger Str. 65 ow’che e
26316 Varel ; Tol. ++49 (0)4451 9515 0 wdeUﬂl’d
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Appendix C T Filling missing data

A. Filling missing data at 60m heigh

As reported earlierthe data loggerdid notrecorddata from wind anemometer at 6@m 01

March 2013 to 15 April 2018ue to cable failureThus, attempt was made to fill those missing
datausing qualified data measured at other heights. The appradictt ia relationship between

wind data at two heights was established, usually by a linear equation. This relationship is then
used to estimate missing data by using qualified data at the other height.

For 80 m wind data the relationship was establistsed linear equation as shown below
V60 =a.V8otb (Eq. 1)
Where
1 V80: measured wind speeed at 80 m height
1 V60: measured wind speeedéitm height

{1 a: slope parameter
1 b: offset parameter

This approach was made separately for 12 direction sectors @aeyfesT he results of
establishment for®@m wind speed data by direction sectors are shown below

a parame- b pa-
Nr Angle Wind speed Abbreviation ter rameter
Medium wind speed | VTB60 0.967 0.006
1 150- 450 Min wind speed VMax60 0.980 0.015
Max wind speed VMin60 0.932 0.054
Standard deviatio VSig60 0.966 0.045
Medium wind speed | VTB60 0.940 0.114
5 450 75° Min wind speed VMax60 0.973 0.102
Max wind speed VMin60 0.820 0.292
Standard deviatio VSig60 1.020 0.050
Medium windspeed | VTB60 0.960 0.091
3 750 105° Min wind speed VMax60 0.975 0.115
Max wind speed VMin60 0.888 0.166
Standard deviatio VSig60 0.917 0.060
Medium wind speed | VTB60 0.938 0.108
4 105°- 135° Min wind speed VMax60 0.966 0.102
Max wind speed VMin60 0.884 0.171
Standard deviatio VSig60 0.868 0.079
Medium wind speed | VTB60 0.949 0.038
5 135°- 165° Min wind speed VMax60 0.978 0.023
Max wind speed VMin60 0.881 0.085
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a parame- b pa-
Nr Angle Wind speed Abbreviation ter rameter
Standard deviatio VSig60 0.987 0.067
Medium wind speed | VTB60 0.935 -0.061
in wi 0.968 -0.104
6 165°- 195° Min wind speed VMax60
Max wind speed VMin60 0.845 0.038
Standard deviatio VSig60 0.982 0.024
Medium wind speed | VTB60 0.929 0.039
in wi 97 -0.04
7 195°- 2950 Min wind speed VMax60 0.973 0.045
Max wind speed VMin60 0.807 0.159
Standard deviatio VSig60 1.020 0.009
Medium wind speed | VTB60 0.939 -0.028
in wi 0.971 -0.030
8 2950 2550 Min er]d speed VM§X6O
Max wind speed VMin60 0.820 0.134
Standard deviatio VSig60 1.000 0.039
Medium wind speed | VTB60 0.943 0.0
in wi 0.968 -0.008
9 2550 285° Min er]d speed VM§X6O
Max wind speed VMin60 0.837 0.116
Standard deviatio VSig60 0.992 0.006
Medium wind speed | VTB60 0.927 -0.010
in wi 0.951 -0.014
10 2850 315° Min wind speed VMax60
Max wind speed VMin60 0.848 0.061
Standad deviatin VSig60 0.886 0.051
Medium wind speed | VTB60 0.870 0.087
in wi 0.910 0.115
11 315°- 345° Min wind speed VMax60
Max wind speed VMin60 0.868 0.085
Standard deviatio VSig60 0.890 0.055
Medium wind speed | VTB60 0.983 -0.317
in wi 0.989 -0.274
12 3450 15° Min erld speed VM?.XGO
Max wind speed VMin60 0.943 -0.156
Standard deviatio VSig60 0.973 0.032

C. Wind data after recovery

The above established equati@ne then applied to data at the other height to infer missing data.
The results arshown below (in red)

Table: Monthly average wind data at60m after recovery

Quantity/Year MSQ;T/ Jan | Feb | Mar | Apr | May | June | July | Aug | Sep | Oct | Nov | Dec | total
60 m
wind | 2012] [mss] | | | | 45| 400 6.47|569| 6 |377]|514]432|572| 512
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Speed | 2013 5.97| 5.4 | 456 | 4.49| 4.25| 4.79 | 4.48| 5.68| 4.25| 5.71| 7.34| 7.65| 5.38
2014 6.35|4.25| 4.18| 3.5 458
Total 5.16
2012 5.03| 459 | 7.28 | 6.43| 4.26| 4.35| 5.8 | 4.83| 6.44| 5.76
Wi?u" 2013 i 6.73| 6.08| 5.13| 5.03| 4.75| 5.39 | 5.07| 6.4 | 4.78| 6.44| 8.19| 8.48| 6.07
Paramete] 2014 7.15| 4.68] 4.71| 3.92 453
Total 5.82
2012 1.58| 1.66 | 2.37 | 2.18| 1.87| 2.17| 2.01| 1.61| 1.87| 1.84
Weki_bu" 2013 . 254|182 1.72| 1.66| 1.55| 1.85 | 2.06| 2.12| 1.69| 2.18| 2.96| 3.61| 1.92
Paramete] 2014 2.36(1.41] 1.92| 1.67 2.08
Total 1.84
Turbullence Inta- 016
sity [-]
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