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1 Executive Summary

PECC3 was commissioned by GIZ to conduct assessment of long term wind resddrc#ed

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 meteorological stations showed little correlation with measured data
thus it would be lack of grounds tpve a statment about the representativeness of thesmea
urement period regarding the letgym wind climate of the regioherefore, it was decided to
extend the wind measurement at those sites for another year.

The results of wind mearements for year 1 and footh years are summarizd@ble 1, which
presents wind cligological characteristics as Wind Speed, WeibulP&ameter, Weibull -k
Parameter and Tuultence Intensity at each measurement height as well as gemnmabbbgicd
site characteristics such &srtperature, air pressure and humidity

The following resultzanbe hidilightedfor site Hai Ninh
U Measured average wind speed@in in the second year was8 m/s, 62% higher than
the average wind speed recatde 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 fifee QBinh meteorological
station. It revealed that the measuemt period fell into low wind speed perio® b
long term average). Intgreting differently, actual data could be as largeCG# 1% high-
er.

U Correcting measured data with this wind index, #verage wind speed at 80 mHati
Ninh could be as high &891m/ s whmedionbi Py cl assificati on

industry.
Year 1 Year 2
Wind Speed [m/s] 5.62 5.78
80m Weibull A-Parameter [m/s] 6.107 6.53
Weibull k-Parameter [-] 1.874 2.051
Turbulence Intensity [-] 0.148 0.108
Wind Speed [m/s] 5.15 5.35
60m Weibull A-Parameter [m/s] 5.797 6.05
Weibull k-Parameter [-] 1.8449 2.026
Turbulence Intensity [-] 0.168 0.124
Wind Speed [m/s] 4.73 4.83
Weibull A-Parameter [m/s] 5.338 5.46
40m -
Weibull k-Parameter [-] 1.873 2.014
Turbulence Intensity [-] 0.177 0.146
) , Temperaturd.4m [°C] 27.30 25.19
Site meteorological g- Pressurém [hPa] 1010.0 1010.0
rameters Relative humidityL4m %] 80.70 85.0

Tablel: Resllts of the wind measurement campaigifitiai Ninh/ VietNamn.
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2 Background and Scope

The assessment of long term wind resourddaatNinhi s carri ed outWindnder
measurement for developing wind power plan and wind power projesb wi t lframa- t he
work of theprojectfiEstablishment of legal framework and technical assistance to gird ne

nected wind power development in Viet Nar . The progr amGarnsan Fei nan c
eral Ministry for Environment, Nature Conservation and Nuclear S§BM¥U) andThe Mins-

try of Industry and Trade of VietnafiolT) and is implemented bReutsche Gesellschaft fuer
International ZusammenarbdiG1Z) andthe Ministry of Industry and Trade (Mol T9f Vietnam

The objectives of the program are to support local gewentsto conduct 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 withpower projects, some of tls#gtesare on areas with existing windopr
jects- those that have not undertaken wind measurement. Details of these sites are provided in

Table 2. BRI S S

Province | Commune-District Existing
wind project
on the site?
Quang Binh | Hai Ninh1 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 Te 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 roles agd r

sponsibilities are briefly introduced below. y 8 o

CHSVC‘Z_Ahl‘fVImh City

German ProfEC asthe international consultant haes o &
. S . Moher . ihanh Hal)j"

the following responsibilities: giving advice on sitff&aee 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 representative and contact person

within German ProfEC GmbH i&Ir. Andreas Jansenwho is the Managing Director.
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The Power Engineering Consulting Company No JPECCS3) is the local consultant witle-d

tailed responsibilities as follows: design of measurement mast, site selection, supervision of mast
erection, installation of sensors for 10 systems, making electrical connectirsramissio-

ing of the systems, egoing supervision of the measurement and realization of one year wind
and energy assessment. The representative and contact person within PBEGCBIgsiyen

Hoang Dung who is the Head of Power Network Development.

To back up the progranMr. Nguyen Quoc Khanh wasselected. Mr. Khanh provides technical
supports to PECC3 while implementing the program including preparation of thegfinatisrof
the 10 wind measurement stations.

Nam Kinh Co Ltd is the local mast manufactrrand 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 resourcélat Ninhis based on 2 complete year data at the site, star

ing from the commision date. The long term reference data at the nearby meteorological station
is provided by the program owner. The assessment is supported by a number of techmical doc
ments which are outputs of the previous steps, to be described in thectiersse

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

Lastly, snce a detailed predictioof the wind resource of future periods, including theuerite
of climate change, is not possible on the basis of present knowledge, it is assumed 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 Ma&012. The building and assembly of the
structure of the measurement mast was conductedany Kinh Employee of PECC3 subs

quently installed the measurement equipment (devices and sensors) tegdthdam Kinh

staff. The successful erection of the measurement structure according to specific requirements
(IEC, IEA, MEASNET, etc.) was verified within a commissioning agreement between PECC3
and Nam Kinh. Subsequently for each mast at the date ¢tihgt@peration a commissioning
agreement was signed between PECC3 and GIZ and a commissioning report was provided
through PECC3.

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

T 6 Commi s s i wliatiomRepoft onlWingl Measurement UnitsHati Ninh, Quang
Binh from: 12/05/2012.

The economic success of a wind energy project is basically a question of the achievedrannual e
ergy production. The energy yield is typically determined during the plgmprivcess of a pr

ject by measurements and migiting models. If the longerm achieved energy yield seriously

falls behind the planned value, the diminished earnings can lead to the financial end of a project.
Thus the economic success depends onabtelassessment of the letegm wind energy yield.

It is essential to forecast the average energy production over the live time (or depreciation time)
of a wind farm project with as low as possible uncertainties attached.

To gain a reliable base for thesessment of the expected energy yield, a wind speed measur
ment directly at the proposed site is required. The measurement should be conducted for at least
one complete year. A ongear period (if it agees to the recommended reqmients of quality)

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

U Direct wind conditions at the 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 the wind farm area. To overcome these problems of the
shortterm measurements, a correlation to lbe@gn wind conditionas to be madeherever
possibleand- for determination of wind conditions for the entire wind farm araamicrasiting

model has to be applied.

The longterm correlation is essential to level out the influence of the annual fluctuations of wind
speedA wind speed measurement, carried out in a good year with energy production @bove a
erage, will lead to an overestimation of the expected energy yield, as long dsertongffects

are not taken into account. If for example a wind speed measurememigd oat 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
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uation that results 10% better than thegderm conditions would permit. The assessmentef r
liable longterm wind speed conditions therefore is of vital importance for wind energy projects.

Figure 1 shows how thghortterm measurements are used in combination with thetknmng
measuremeniThe upper bar represents the duration of the-tengn measurement taken at the
Reference Site for several years (here: 10 years). Within this bar a small partition is depicted
(yellow), indicating a shotterm measurement period (here one year), recorded atentical

time period as the shetérm measurement, which is carried out at the proposed wind farm site
(Prediction Sitg. The red bar indicates this shtgtm period at the Prediction Site. The lower,
blue bar represents the leteym prediction tharesults 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 O1 02 03 04

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

A shortterm measurememerformed at the Prediction Site is first correlated with a data set of
the Reference Site (lortgrm measurement station) for the identical time period, producing a set
of correlation parameter, which will have even lower uncertainties attached thestaiae=the
conditions at the Reference Site has been during measurement. In a second stepténe long
prediction is performed for the Prediction Site by using the gained set of correlation parameter
and the longerm measured data from the Reference. Sit

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

U A shortterm measurement at the Prediction Site {pe@r period)
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 Sifeshould have 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 th&hortterm measurement
U Is characterised by the same wind climatological conditions (same regional wind climate)

In most countriesvind speed measurements from meteorological weather services, airports or
military stationsexist These measurements usuahg 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 andot representative for greater height levels. Their big advantage is
that they are recorded over a long time period, often under stable operation conditiond- This a
vantage makes them suitable for lelegm correlation and data alignment as long as ti@ da

were recorded in a stable situation.

3.1 Considered Requirementswithin the Wind Potential Analysis

The measurementsere performed according to the current international standards IEC 61400
121 [Ref. 1]. The most inportant 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 windturbine (RV curve). Therefore it is not solely dealing with wind speed
measurements, but also with required data logging and power measuring of the turbinee-Noneth
less, this standaril due to its importance concerning reliable statements about winah terbi 6
power - contains the widest accepted requirements within its parts over wind speedemneasur
ment.

3.1.1 Documentation of the measurement station

Being able to evaluate and process the measurement data in an appropriate way and at any given
time, a complete dmmentation about the measurement is indispensable. Thefefiole3 be-
low represents the most important poitiat wereconsidered during wind speed measurement.

Exact positions of the measuremestish | 1 Geographial, UTM or similar rectangular €o
ordinates

Description of the measurement-sgt Exact measurement heights

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

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

E

= =4

Documentation of gaps in data recording Total annual missing hours

Lengths 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 and pagtars

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 anemometemsreinstalled at the mast in such a way that theuerite by the

mast and the extension arifi®oms) wakept as low as possé Therefore the anemometers
wereinstalled in aminimum requireddistance to the tower. Already during calibration oé-an
mometers the mounting shaft of thesasbe 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 tubes of the shadhd 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 mast and anema@gtespt 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 turbines suggested for
installation.In this case, a 80 m tower is used which is the hub height of wind turbinesenost d
manded m the market however wind parameters are also measured at other heights 60 and 40 m
i so ready for interpolation or extrapolation of wind data in case the hub height of the wind tu
bine is different

3.1.5 Duration of the measurement campaigns

The measuremenampaign with the wind measurement masginally performedfor a period
of oneyear as recommend by the relevant standard and professional wind evaltiticever,
it was extended for another year to lower uncertainty of the assessment (pls. seerdnaveifo
information)

3.1.6 Equipment

Wind speedmeasurementare carried out for a long period (one year). Therefor¢he closen
sensorswvere suitable for durable use. Thean everwork under extreme weather conditions.
The equipment conssbof componentsvith high quality performances and reliable charasteri
tics. An error ofl % in wind speed means an error of & in energy yield. The anemomeger
and wind vanes havier this reason ken calibrated in a wind tunnel suitable for windhergy
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purposes. Dat sheets and calibration data of the senaere documentedand can be found in
Appendix B

3.1.7 Data recording

The time series recorded consist of average values, standard deviations, minimum and maximum
values for 10minute averages. The sampling intervabw#s (1Hz) according tdrfef. 1].

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 mobik phone d-

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

or to that(which data retrieval option to be usgtlecom signals at those sites were checked to
ensure the systems work.

3.1.8 Maintenance and monitoring ofmeasurementstation

To get secured measurement datguarterannualinvestigationand maintenancef the mea-
urement sition and the measurement datasperformed Due 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 Measurement Results

The following Table 4 shows the starting date of operation for eadasurement site. Thenfi
ishing date represents the ceiling of this firgplort.

Site Starting date Finishing date
Hai Ninh 12.05.2012 00:00 31.05.2014 23:50
Table4: Periods of evaluation of measurement data

The following Table 5 - Error! Reference source not found. represent the most relevard-p
rameters describing the wind climatological 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#tere was just no wind coming out of these
directions) or the measured wingegds were too high for an accurate derivation of a Weibull
function. This however does not cause a problem forrthaa consideration, which 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 calibration parameters

of the wind mesurement equipment usedti Ninh station.

ABGO

Sensor Type Serial | Calibration- | H.a.g.l. | Boom ori- | North | Slope | Offset
Number [m] entation | label
[°] [°1/
Offset
Hai Ninh Coordinates (UTM WGS84) X / Y:688030.45 191659301
Top Are- Thieslst Class |1110280| 10/&01 80 - - | 0.0484 | 0.255
mometer
Mid Ane- .
Thies 1st Class |11102128| 10/8203 60 - - 0.0436 | 0.241
mometer
Botom An- | e 1st Class | 11102123  10/8208 40 - - | 0.04®m1| 0.239
emometer
. Wind Vane
Wind Vane Thies4.3128. 06xx 11100&0 - 80 140 320 - -
Data Logger, Ammonit Meteo32 | C100645 6 - - - -
Temperature P6312 14 i i i i
Sensor 1
Humidity
Sersor 1 P6312 14 - - - -
Barometer Air Pressuresensor 6 ) ] ] ]

Table5: Orientation, type, serial number and calibration parameters of measurement equiptiaeiliah station
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In terms of system faults, the wind vane was broken down fronefiefber 202to 7 October
2012. In addition, both anemometers at 80 m at 60aight did not work from 25 December
2012 to 7 January 20Ehd from 19 September to 17 October 268 to cable failure.

Attempt was made to fill missing data using qualifdata measured at other heights. The a
proach is first a relationship between wind data at two heights was established, usually repr
sented by a linear equation. This relationship is then used to estimate missing data by lising qua
ified data at the otherdight. Specifically for the present measurement station, missing data at 80
m height were filled by data at 60 m and missing data at 60 m was filled by qualified data at 80
m. This way, a complete two year data were established. Detailed approach mppethéix.

A summary on the measurement result basetivonyear completelata is given below while
details are in the AppendiXigures in red are infered data while those in black are measured
one.

Quantity/Year MSQ;{'/ Jan | Feb |Mar |Apr [May |June|July |Aug | Sep | Oct |Nov | Dec |total
80m
2012 4.76|7.31| 6.5 |6.66| 4.92 | 5.52|5.13|6.08| 5.91
. 2013 5.78|4.97| 4.88| 5.29| 5.09| 5.66| 4.91| 6.15| 5.96 | 6.67| 7.87| 7.9 | 5.93
Wind Spee¢— 0121 IMS] 15 1772.67[5.03( 4.27[5.76 52
Total 5.78
2012 5.36/8.23| 7.3 |7.51| 557 |6.24| 5.8 | 6.87|6.688
Weibull A- 2013 6.51|5.61| 5.52| 5.96| 5.75|6.3765.5286.95714.2067.5548.8558.6396.707
Parameter] 2014 | ™! [6.9615 24€5.6664.8186.494 5.867
Total 6.52¢9
2012 2.58|2.67|2.73|2.58| 205| 2 |2.15|1.85|2.1173
Weibull k- 2013 2.64|2.03|1.89|1.78| 2.34|2.5272.6292.284 5.477{1.9992.5734.4752.066
Parameter| 2014 [ 2.4681.6841.8231.8449 2.5 1.966
Total 2.051
Turbulence Intensity-] 0.108
60m
2012 4.43|6.81|6.06|6.23| 4.64 | 5.23|4.77| 5.62| 5.52
. 2013 5.31|4.52|4.39|4.85|4.73| 5.25|4.56| 5.73| 5.57 | 6.24|7.43| 7.27|5.49
Wind Speeq— 51— IM/S] 569143 [2.61]3.83 5.26 475
Total 5.35
2012 499|7.67/6.81|7.04| 5.25|5.92| 5.4 | 6.36|6.253
Weibull A- 2013 5.98| 5.1 |4.97|5.48| 5.34|5.9165.1296.49112.8047.3668.3817.9726.208
Parameter] 2014 | ™! [6.4312.8285.1954.3295 935 5.37
Total 6.052
2012 2.58| 2.6 |12.69|2.53| 2.12|1.81|2.11|1.81|2.099
Weibull k- 2013 2.65| 2 |1.86|1.77|2.33|2.5472.6422.294 5.269(2.2762.4994.2382.037
Parameter| 2014 [ 2.4391.644 1.82|1.9222.442 1.95]
Total 2.026
Turbulence Intensity-] 0.124
40m
2012 4.01(6.16|5.49|5.64| 4.24 [4.80(4.33|5.09|5.02
Wind Speed 2013 [ms] 4.7414.01(3.93(4.38(4.29(4.75/4.10(5.18| 5.01 |5.64|6.79|6.48|4.95
2014 5.09|3.94|14.09|3.46|4.72 4.27
Total 4.83
Weibull A- 2012 [m/s] 453/6.95(6.18(6.38| 4.80 |5.44|4.89|5.76 |5.680
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Parameter| 2013 5.34|4.544.45|4.95|4.84 |5.3504.6225.872/ 12.12|7.226(7.666/7.1405.591
2014 5.7584.4284.6053.9155.326 4.828
Total 5.463
2012 2.49|2.50(2.60|2.42| 2.21 {1.87|2.13|1.79|2.089
Weibull k- 2013 2.64|2.03[1.89|1.80|2.31(2.5282.5982.258 5.542|2.7922.4454.0122.020
Parameter| 2014 ] 2.4431.6631.820/1.954/2.368 1.957
Total 2.014
Turbulence Intensity-] 0.146
Further meteorological parameters
Temperaturd.dm [°C] 25.19
Pressuré&m [hPa] 1010.00
Relative humidityl4m
i yl 85.00

Table 6: Monthly averages of wind meteorological characteristics in Hai Ninh

Effectively, from 12.05.2012 to 31.05.20Inean wind speed recorded at 80 m high wa@s 5.
m/s. Main wind directions were between 225 to 245 degrees. Wind speed is distributee accor
ing to Weibul equation with parameter A=6.58/s and k=2.5.

Wind is stronger ding from June to August, and weak during the remaining months, especially
in May and in Septaber.

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 meeiaoyn peak which is becoming higher

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

Despite these salient features, by classific
umo, n o t ve sirdessahe meaaucetnent was undertaken in a low wind speed théar
topic will be dealt in the next section
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5 Long Term Correction

The above results came from the g@ar measuremeffitom 12/052012 till 31/052014 which
does not necessarily repres#re long term wind climate at the site. Thus, a long term correction
of the results is necessary. The only available -kengn data are from meteorological stations
which are measured in cities or towns at 10 m high aodllyswith only 4 readings peray and
available only as monthly average values.

By an investigation, it was found out that measured data shows a reasonable correlation to long
term data fromQBinh meteorological station (correlation factor: §).8

9.00
8.00 ﬁ
7.00 r\ 3
6.00
5.00 4
4.00 I ‘ == Hai Ninh
3.00 —#—QBinh
2.00 4
1.00

Jal uly $ep Noy Ja r uly $ep Nov Ja r

2012 ‘ 2013 ‘ 2014 ‘

Figure2: Carelation 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 8% of long term average values was shown in Figur@idwshows
annual average wind speed from 1997 to 2013.

m/s
3.0
25 8o

2.0 ﬁ\_\w

1.0

0.5

0.0
\9%’\ LT LT ES F DY

Figure3: Annual average wind speed@Binh meteorological station

Interpreting phenomena differently, actual wind speed could Ineuak as ©3.1% higherthan
the measwad 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 Bairiiah then
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could be as high a.91 m/s which isstill mediumby classification of wind energy industry.
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 uncerthattiz 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 oeth@pment, 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 brought tdeael of zero. These uncertainties may be of systemati@er 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 valaeyand
statistical and systematic uncertainty introduced by the procedure, basstich data gaps
were filled.

Table7 represerdthe relative uncertainties attached to the wind datadtatbeHai Ninh:

Uncertainty
Uncertainty Component Comment of Wind
Speed [%]

Wind speed measurement

Uncertainty applied for whole wind tunnel eal

Anemometer calibration . 1.78%
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| 0.96%
properties
Estimated uncertainty due to possible deviatig
of the wind characteristics withinghmeas.e-
. . 2.08%
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 | Uncertaintyof data recording 3.17%

Total uncertainty wind data base

Table7: Relative uncertainty of the meteorological datilait Ninh station in terms of wind speed. All values-d
note the standard uncertainty in accordance to the International Standandis&diaé

1 International Standards Organisation, Guide to the Expression of Uncertainty in Measurement, 1995
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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 the co
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 Wind Diec-
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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8 References

Ref.1 IEC 61400121:WIND TURBINEST Part 121: Power performance mea&sur
ments of grid connected wind turbines

Ref.2 IEA 1°'Ed. 1999: Recommended Practices for Wind Turbine Testing andeEvalu
tion 11. Wind Speed Measurement and asCup Anemometry
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Appendix A — Detailed Wind Measurement Data Analysis and Evaluation

80m height

Date

| - Statistics of records

Day
1

O© 0o ~NO O b WDN

WWNNNNMNNNNMNNNNRPRPRRPRPRRLRRRERPR
P OOWOWNOUWURNWNRPROOOWMNOOTODWNIERO

%

512 6.12 7.12 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
144 144 144 144 122 144 144
144 144 144 144 144 144 144
144 144 144 144 144 144 144
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
144 144 144 144 144 144 144 143
144 144 144 144 144 144 144 144
144 144 144 144 144 144 144 144
144 144 144 144 144 144 144 144
144 144 144 144 142 144 144 144
144 144 144 144 144 144 144 144
144 144 144 144 144 144 144 142
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 32

64.5 100.0 100.0 100.0 100.0 99.5 100.0 97.4

PECC3
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Day 1.13 213 313 413 513 6.13 7.13 8.13 9.13 10.13 11.13 12.13
1 0 144 144 144 144 144 144 144 144 0 143 144
2 0 144 144 144 144 144 144 144 144 0 144 144
3 48 144 144 144 144 143 144 144 144 0 144 144
4 60 144 144 144 144 143 144 144 144 0 144 144
5 0 144 144 144 144 144 144 144 144 0 144 144
6 0 144 144 144 144 144 144 144 144 0 144 144
7 27 144 144 144 144 144 144 144 144 0 144 144
8 o6 144 144 144 144 144 144 144 144 0 144 144
9 14 144 144 144 144 144 144 144 144 0 144 144

10 144 144 144 144 144 144 144 144 144 0 144 144
11 144 144 144 144 144 144 144 144 144 0 144 144
12 144 144 144 144 144 144 144 144 144 0 143 144
13 144 144 143 144 144 144 144 144 144 0 144 144
14 144 144 144 144 144 144 144 144 144 0 144 144
15 144 144 144 144 144 144 144 144 144 0 144 144
16 144 144 144 144 144 144 144 144 144 0 144 144
17 144 144 144 144 144 144 144 144 144 88 144 144
18 144 144 144 144 144 144 144 144 144 121 144 144
19 144 144 144 144 144 144 144 144 4 144 144 144
20 144 144 144 143 144 144 144 144 0 144 144 144
21 144 144 144 144 144 144 144 144 0 0 144 144
22 143 144 144 144 144 144 144 144 0 144 144 144
23 144 144 144 142 144 144 144 144 0 144 144 144
24 g4 144 144 144 144 144 144 144 0 144 144 144
25 144 144 144 144 144 144 144 144 0 144 144 144
26 14 144 144 144 144 144 144 144 0 144 144 144
27 144 144 144 144 144 144 144 144 0 144 144 144
28 14 144 144 144 144 144 144 144 0 144 144 144
29 144 0 144 144 144 144 144 144 0 144 144 144
30 144 0 144 144 144 144 144 144 0 144 144 144
31 144 0 144 0 144 0 144 144 0 144 0 144
% 79.3 100.0 100.0 99.9 100.0 100.0 100.0 100.0 60.1 43.4 100.0 100.0

Date

PECC3
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60m height

Date

Day
1

© 00N Ul WN

W WNDNDNDNNMNNMNMNNMNNNMNNRPRPPRPEPRPEPRPERPRERPRPER
P O OWOoWLO~NOOUURRWMNPEPOOONOOOGA~AWDNDEO

%

512 6.12 7.12 8.12 9.12 1012 11.12 1212
144 144 144 144 144 144 144

144 144 144 144 144 144 144

144 144 144 144 144 144 144

144 144 144 144 144 144 144

144 144 144 144 144 144 144

144 144 144 144 122 144 144

144 144 144 144 144 144 144

144 144 144 144 144 144 144

144 144 144 144 144 144 144

144 144 144 144 144 144 144

144 144 144 144 144 144 144
144 144 144 144 144 144 144 144
144 144 144 144 144 144 144 144
144 144 144 144 144 144 144 144
144 144 144 144 144 144 144 144
144 144 144 144 144 144 144 144
144 144 144 144 144 144 144 144
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
144 144 144 144 144 143 142 144
144 144 144 144 144 144 144 144
144 144 144 144 144 144 144 144
144 144 144 144 144 144 144 68
144 144 144 144 144 144 144 0
144 144 144 144 144 144 144 23
144 144 144 144 144 144 144 143
144 144 144 144 144 144 144 85
144 144 144 144 22

64.5 100.0 100.0 100.0 100.0 99.5 100.0 88.3

PECC3
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Day 1.13 2.13 3.13 4.13

1
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114 214 314 414 514 6.14 7.14 814 9.14 10.14 11.14 1214
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40m height

Date

Day
1
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144 144 144 144 144 144 144 144
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
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144 144 144 144 144 144 144 144
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Day 1.13 213 3.13 413 513 6.13
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114 2.14 314 414 514 6.14 7.14 814 9.14 10.14 11.14 12.14
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Date

Il -Frequency Distribution of Wind Direction at 80 m height at Hai Ninh Station
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lll -FrequencyDistribution of Wind Speed at 80 m height at Hai NinhStation

8. Wind Speed Frequency Distribution
= Maximum likelihood
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FrequencyDistribution of Wind Speed at 60 m height atHai Ninh Station
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FrequencyDistribution of Wind Speed at 40m height atHai Ninh Station

10. Wind Speed Frequency Distribution
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IV -Course of Wind Speed 80m, 60m and 40over the day atHai Ninh Station
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V-Course of Wind Speed 80nand Wind Direction 80m over the morths at Hai Ninh Sta-
tion
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Date

Appendix B — Calibration sheetsHai Ninh

Hai Ninh Thies £' Class Anemometer at 80

Hai Nph - 50m
DEUTSCHER KALIBRIERDIENST DKD

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

Deutsche — Deutsche WindGuard RS
Wind Tunnel Services GmbH =z
Wdeuard  Ser
The Wind Professionals are DKD-K- 36801
10/8201
DKD-K-
Kalibrierschein Kalibrierzeichen | 36801
Calibration Certificate Calibration label
11/2010
Somnstand 4.3351.10.000 RGedthrung st nationale. - Nomale zur

Darstellung der Einheiten in Ubereinstimmung

mit dem Internationalen Einheitensystem (Sl).

Eﬁﬁﬁ'}fgﬁ;, Thies Clima Der DKD ist Unterzeichner der multi- lateraten
D-37083 Gottingen 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

. : Kalibrierscheine.

I;gr%rlﬂr(“?rt"/iernen—Nn Body: 11102430 Fur die Einhaltung einer angemessenen Frist

Cup: 11102430 zur Wiederholung der Kalibrierung ist der
Benutzer verantwortlich.
éﬂsf}g,a,,%gebe' 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 (Sl).

é“g“’a snummer VT10799 The DKD is signatory to the multilateral

Rl agreements of the European co-operation for

. . - . Accreditation (EA) and of the International

pneanlicior Seiten des Kalibrierscheines 3 Laboratory Accreditation Cooperation (ILAC)

pag for the mutual recognition of calibration
certificates.

B;‘,L”;? Cf,’ﬁb',a‘ﬁf},‘,‘ brierung 27.11.2010 The user is obliged to have the object

recalibrated at appropriate intervals.

Dieser Kalibrierschein darf nur vollstandig und unverandert weiterverbreitet werden. Ausziige oder Anderungen bediirfen
der Genehmigung sowohl der Akkreditierungsstelle des DKD als auch des ausstellenden Kalibrierlaboratoriums.
Kalibrierscheine ohne Unterschrift und Stempe! 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 .\)“ ch Datum Leiter des Kalibrierlaboratoriums Bearbeiter
Seal €A\ Date Head gf the calibration laboratory Person in gharge
28.11.2010 g o
- -
é' § P
/ Dipl. Phys. D. Westermann Dipl. ing. (FH) Catharina Herold
() ’ IO (6\ pl. ing,

Deutsche WindGuard Wind Tunnel Services GmbH Deiiscta

Oidenburger Str. 65

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

PECC3
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Seite 2
Page

10/8201

DKD-K-
36801

11/2010

Kalibriergegenstand
Object Anemometer
Kalibrierverfahren

Calibration procedure

Ort der Kalibrierung
Place of calibration

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

" a i der A (se des Wi
2 O

sty des Praflings inkl. Montagerohr

* Durchmesser des Montagerohrs

Y Verhaitnis von 2) zu 1}

* Korrekturiaktor durch die 3 der g durch den Prifiing
Anmerkung: Aufgrund der ion der A ist keine Korrekt

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

1EC 61400 12 1 - Wind Turbine Power Performance Testing 12 2005
MEASNET - Cup Anemometer Calibration Procedure — 08 1997
SO 3966 — Measurement of fluid in closed conduits - 1977

Windtunne! of Deutsche WindGuard, Vare!

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

194 °C +02K
1009.5 hPa £03hPa

303 % +20%

5.0

notig.

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

Deutsche Sp—

WindGuard

Date PECC3
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Date

Page. 10/8201
DKD-K-
36801
11/2010

Kalibrierergebnis:
Resuit:

Test ltem (1/s) Tunne! Speed (m/s) Uncertainty (k=2) (m/s)

85.722 4.157 0.05
128.015 6.113 0.05
168.171 7.972 0.05
208.606 9.812 0.058
250.905 11.773 0.05
295.163 13.735 0.05
336.804 15.696 0.05
313.961 14.651 0.05
272680 12.766 0.05
229.111 10.770 0.05
187.267 8.854 0.08
145.581 6.951 0.05
107.951 5.203 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
MessgroBe liegt mit einer Wahrscheinlichkeit von 95 % im zugeordneten Wertintervall.

Der Deutsche Kalibrierdienst ist Unterzeichner der muitilateraten 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.

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

Deutsche Li—
ard

PECC3

36/53



Final report of wind measuremeanGIZ/MolT Wind Energy Project

Date

Anhang ? :
Annex HN len _ 801‘4 10/8201
L. 1 - .
1 Detailed MEASNET ' Calibration Results
indGuy
DKD calibration no. 108201 By, @,
Body no. 11102430 f Z
e ;;110122320 s f -
Dat 11 7 -
Ai? teemperature 184 °C ° eas e =
Air pressure 1009.5 hPa % b
Humidity 303% o A %\
9 Se3y '\)‘é

Linear regression analysis

Slope 0.04584 (m/s)/(1/s) £0.00007 (mis)/(1/s)
Offset 0.255 m/s £0.017 m/s
St.err(Y) 0.021 m/s
Correlation coefficient 0.999986
Remarks no
Calibration No: 10_8201; Body No: 11102430; Cup No: 11102430
WinoQuard
15 o g jot
_E -
; . . : - g
i” ) o L e o .5
® »* [ 2
b [ ] P g
g L [
=
5 104
a
0 : ; : 02
[ 50 100 150 200 250 300 350 400
sicps 004584 Anemmometer oulput s
ofiest: 0255
Q ¢ Residimis & Windspeed
Outputat 10 mis 212581

') 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 Tunnei Services GmbH

Oidenburger Str. 65
26316 Varel ; Tel. ++49 (0)4451 95150

Deutsche ——
WindGuard

PECC3

37153
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Anhang
Annex

10/8201

2 Instrumentation

Pos. Sensor Manufa. Identification Year
1 Pitot static ube Airflow 483/8 Nr. 000142 02
|2 Pitot static wbe Airflow 483/8 Nr. 000143 02
3 Ptot static ube Airflow 483/8 Nr. 000144 02
|4 | Pitot static ube Aifiow 483/8 Nr. 000145 02
L Pressure transducer Setra C 2338 Nr. 1688081 02
| Pressure transducer Setra C 239 Nr. 1688082 02
Pressure transducer Setra C 239 Nr. 1688083 02
8 | Pressure transducer Setra C 238 Nr. 1688084 02
E El. Baromerer Vaisaia 100 A Nr. X2010004 02
10 | Ei. Thermometer Gailtec KPK 15-ME a2
t1 | Ei. Humidity sensor Galltec KPK 1/6-ME 02
12 | Wind tunnel control - - -
13 [ CAN-BUS/PC esd = 04
14 | Anemometer =
15 | Universa’ Isolator Knick P2700 - 38430 05

Table 1 Description of the data acquisition system

Remark: Last Re-accreditation see page 2

3 Photo of the calibration set-up

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, 2008 - Verfahrensanweisung DKD-Kalibrierung von Windgeschwindigkeitssensoren
{2] IEC 61400-12-1 12/2005 - Wind Turbine Power Performance Testing

[3] 1ISO 3966 1977 - Measurement of fluid fiow in closed conduits

[4) MEASNET 09 1997 - Cup Anemometer Calibration Procedure

Calibration set-up of the anemometer calibration in the wind Remark: The proportion of the set-up are not true 1o scale due to
tunnei of Deutsche WindGuard, Varel. The anemometer imaging geometry.
shown is of the same type as the calibrated one.

Deutsche WindGuard Wind Tunnel Services GmbH Deutsche
Oidenburger Str.

——

26316 Varel ;m.ﬁas (0)2451 95150 WindGuard

Date PECC3
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Date

Hai Ninh Thies £' Class Anemometer at 60

Hay Ninh - 60m
DEUTSCHER KALIBRIERDIENST DKD

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

Deutsche //51/‘;" Deutsche WindGuard Es':"r‘:ﬁi‘;'mm-
W,'ndGuurd Wind Tunnel Services GmbH
The Wind Professionals Vare[ DKD-K- 36801
10/8203
DKD-K-
~Kalibrierschein Kalibrierzeichen | 36801
Calibration Certificate Calibration label
i 11/2010
Gegenstand Dieser Kalibrierschein  dokumentiert  die
Objgcr 4.3351.10.000 Rickfahrung auf nationale, Normale zur
Darstellung der Einheiten in Ubereinstimmung
Hersteller . . mit dem Internationaien Einheitensystem (S1).
Manufacturer Thies Clima Der DKD ist Unterzeichner der multi- lateralen
D-37083 Géttingen Ubereinkommen der European co-opetation for
Accreditation (EA) und der International
_;-,}}"?e 4.3351,10.000 Laboratory Accreditation Cooperation (ILAC)

zur gegenseitigen Anerkennung der
Kalibrierscheine.

l;:?arliﬁgrtn/?;rien—m Body: 11102428 Fir die Einhaltung einer angemessenen Frist
Cup: 11102428 zur Wiederholung der Kalibrierung ist der

Benutzer verantwortlich.
/é‘llef}g%gegr;eber Ammonit GmbH This calibration centificate 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 fo the multiiateral
Order{e: agreements of the European co-operation for
Accreditation (EA) and of the International

ﬁ%gﬁ‘,‘;}e;Ei‘ﬁ?ﬂ,ffei,’ég}E"e'sc"e‘”es 3 Laboratory Accreditation Cooperation (ILAC)
pag for the mutual recognition of calibration
certificates.

ES,LUDT cgﬁ,’,,!(,,?ﬂ brierung 27.11.2010 The user is obliged to have the object

recalibrated at appropriate intervals.

Dieser Kalibrierschein darf nur volisténdig und unverandert weiterverbreitet werden. Ausziige oder Anderungen bedirfen
der Genehmigung sowohl der Akkreditierungsstelle des DKD als auch des ausstelienden Kalibrierlaboratoriums.
Kalibrierscheine ohne Unterschrift und Stempel haben keine GUitigkeit.

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.

Stempe! /L 0YBCH Datum Leiter des Kalibrierlaboratoriums Bearbeiter
Seal Q. ®,

~\Date Head gf the calibration laboratory Person in gharge
DKD-K- '} 28.11.2010 - o
% e & —
7, ° Dipl. Phys. D. Westermann Dipl. Ing. (FH) Catharina Herold

6 rie ‘6\ pl. Ing. (FH)

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

PECC3
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Kalibrierverfahren

Calibration procedure IEC 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

Ort der Kalibrierung

Piace of calibration Windtunnel of Deutsche WindGuard, Varel
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 [1]
Umgebungsbedingungen
Test conditions air temperature 184°C +0.2K
air pressure 1009.4 hPa +0.3hPa
relative air humidity 303 % +20%
Akkreditierung
Accreditation 08 /2009
Anmerkungen -
Remarks
Auswertesoftware 5.0

Software version

. —_— ose des Wi

? Vereinfachte Q ittsfia ) des Priflings inkl. Montagerohr

¥ Durchmesser des Montagerchrs

“ Verhaltnis von 2) zu 1}

5 Korrekturtaktor durch die Verdrangung der Strémung durch den Prifling

Anmerkung: Aufgrund der spezielien Konstruktion der Messstrecke ist keine Karrektur ndtig.
Remark: Due to the special construction of the test section no biockage correction is necessary

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

g:ig&; 2 10/8203
DKD-K-
36801
11/2010
Kalibriergegenétand
Object Anemometer

Deutsche WindGuard Wind Tunnel Services GmbH

Deutsche
Oldenburger Str. 65

—

26316 Varei ; Tel. ++48 (0)4451 95150 WiﬂdGUCI'd

Date PECC3
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Date

e 10/8203
DKD-K-
36801
11/2010
Kalibrierergebnis:
Result:

Test Item (1/s) Tunnei Speed (m/s) Uncertainty (k=2) (m/s)
85.591 4.165 0.05
127.776 6.087 0.05
168.694 7.986 0.05
208.597 9.811 0.05
251.498 11.781 0.05
294.374 13.735 0.05
337.104 15.683 0.05
314.145 14.654 0.05
272.861 12.758 0.05
229.228 10.777 0.05
189.063 8.877 0.05
146.360 . 6.958 0.05
108.267 5.211 0.05

Angegeben ist die erweiterte Messunsicherheit, die sich aus der Standardmessunsicherheit durch
Muitiplikation mit dem Erweiterungsfaktor k=2 ergibt. Sie wurde gema8 DKD-3 ermittelt. Der Wert der
MessgréBe 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 results is obtained by muttiplying 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 Accréeditation Cooperation (ILAC) for the mutual recognition of calibration
certificates.

Deutsche WindGuard Wind Tunnel Services GmbH Deutsche g

Oidenburger Str. 65 .

26316 Varel ; Tel. ++49 (0)4451 9515 0 Wdeuord
PECC3
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Date

-

Anhang ¥ N o
‘Annex Ha Ni ik = E0m 10/8203
- 1 . o
1 Detailed MEASNET' Calibration Results
wnmdGy,
DKD calibration no. 10/8203 N 3o .
<
Body no. 11102428 = Z
Cup no. 11102428 = =g
Date 27.11.2010 o 1 ) ne‘ —
Air temperature 194 °C o E'afr s
Air pressure 1008.4 hPa P3 g
‘Humidity 303% % A
9 sem?
Linear regression analysis )
Slope 0.04586 (m/s)/(1/s) +0.00005 (m/s)/(1/s)
Offset 0.241 m/s £0.012 m/s
St.err(Y) 0.013m/s
Correlation coefficient 0.999992
Remarks no
Calibration No: 10_8203; Body No: 11102428; Cup No: 11102428
205 - - 02
VindQuand
15 " loa
-
8 w0} B . o 8
- ¢ - . 2
E- - L €
é - =<
-
5 [ 01
L ]
o 02
0 50 100 150 200 250 350 400
sicpx 0.04586 Anermometer output s
0243
bpipa g s 198 ¢ Rssidmis = Windspeed

') According to MEASNET Cup Anemometer Calibration Procedure 09/1997.
Deutsche WindGuard Wind Tunne! Services is accredited by MEASNET and by the Deutscher Kaiibrierdienst
— DKD {German Calibration Service). Registration: DKD — K — 36801

Deutsche WindGuard Wind Tunnel Services GmbH Deutsche —

Oldenburger Str. 65 WindGuard |

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

PECC3
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Anhani
Sl 10/8203
2 Instrumentation
Pos. Sensor Manufa. Identification Year
1 Pitot static tube Airflow 483/8 Nr. 000142 02
2 Pitot static tube Airflow 483/8 Nr. 000143 02
3 Pitat static tube Airflow 483/8 Nr. 000144 02
4 Pitot static tubs Airtlow 483/8 Nr. 000145 02
Pressure transducer Setra C 238 Nr. 1688081 02
Pressure transducer Setra 02
Pressure transducer Setra 02
8 | Pressure ransducer Setra 02
[] El. Barometer Vaisala 100 A Nr. X2010004 02
10 | El. Thermometer Galltec KPK 1/6-ME 02
1 Ei._Humidity sensor Galltec KPK 1/6-ME 02
1 Wind tunnel control - -
1 CAN-BUS / PC esd - 04
14 |} Anemometer -
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 anemomeler 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-Kafibrierung von Windg indigkei soren
[2] IEC 61400-12-1 12/2005 - Wind Turbine Power Performance Testing

[3]11S0 3966 1977 - Measurement of fluid fiow in closed conduits

4] MEASNET 09 1997 - Cup Anemometer Calibration Procedure

Deutsche WindGuard wfnd Tunnel Services GmbH i
Oldenburger Str. 65 Dwrs.che Saga—
26316 Varel ; Tel. ++43 (0)4451 9515 0 WindGuard

Date PECC3 43 /53
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Date

Hai Ninh Thies £' Class Anemometer at #0

Har Nink - 4Om
DEUTSCHER KALIBRIERDIENST DKD

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

Deutsche — Deutsche WindGuard Ao urce
Wind Tunnel Services GmbH
Wdeuard Lok
The Wind Professionals € DKD-K- 36801
10/8208
DKD-K-
Kalibrierschein Kalibrierzeichen | 36801
Calibration Certificate Calibration label
11/2010
Di Kalibrierschein ~ dokumentiert i
SeRgrstend 4.3351.10.000 REGUG S fationass Dorias o

Darstellung der Einheiten in Ubereinstimmung

Herstelier . : mit dem internationaien Einheitensystem (SI).
Manufacturer Thies Clima Der DKD ist Unterzeichner der muilti- 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

. " Kalibrierscheine.

Eg%’,“,‘,g’,{fg"e"'”“ Body: 11102423 Fir die Einhaltung einer angemessenen Frist

Cup: 11102423 zur Wiederholung der Kalibrierung ist der
Benutzer verantwaortlich.
éﬂﬁ};ﬂ%?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 (S1).

éfdfga Jsnummer VT10799 The DKD is signatory fo the multiiateral

. agreements of the European co-operation for

Anzahi der Seiten des Kalibrierscheines 3 Aagrediiation (EA) nd of e infetationsl

58 Laboratory Accreditation Cooperation (ILAC)

Number ot pages:of-theicortiticate for the mutual recognition of calibration
-certificates.

B;L“g}‘ cf.,’ﬁ,’,;ﬁ?,',‘ brierung 27.11.2010 The user is obliged to have the object

recalibrated at appropriate intervals.

Dieser Kalibrierschein darf nur vollstandig und unverandert weiterverbreitet werden. Ausziige oder Anderungen bediirfen
der Genehmigung sowohi der Akkreditierungsstelle des DKD als auch des ausstellenden Kalibrierlaboratoriums.
Kalibrierscheine ohne Unterschrift und Stempel haben keine Gilltigkeit.

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 atoriums B
Seal Head gf the calibration laboratory Person in gharge
- /A S
% a0l 3 (}ﬂ P
7, Dipl. Phys. D. Westermann Dipl. Ing. (FH) Catharina Herold

Deutsche WindGuard Wind Tunnel Services GmbH :
Oldenburger Str. 65 Deutsche rp—

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

PECC3
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SO 3966 — Measurement of fluid in closed conduits - 1977

Ort der Kalibrierung
Place of calibration Windtunnel of Deutsche WindGuard, Varel
Messbedingungen
Test Conditions wind tunnel area " 10000 cm?
anemometer frontal area 2 230 cm?
diameter of mounting pipe ¥ 34 mm
blockage ratio ¥ 0.023 [+]
"blockage correction ¥ 1.000 (-]
Umgebungsbedingungen
Test conditions air temperature 19.5°C +02K
air pressure 1009.8 hPa *0.3 hPa
relative air humidity 30.3% +20%
Akkreditierung
Accreditation 08 /2009
Anmerkungen 4
Remarks
Auswertesoftware 5.0
Software version
" Quer he der A ase des Wi
2y Q i { ) des Priiflings inki. Montagerohr

* Durchmesser des Montagerohrs

“ Verhdltnis von 2) zu 1)

¥ Korrekturfaktor durch die Verdrangung der Stromung durch den Prifling

A Autgrund der i Ki ktion der M ist keine Korrektur notig.
Remark: Due to the special construction of the test section no blockage correction is necessary

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

Sl

Page. 10/8208
DKD-K-

36801

11/2010

Kalibriergegenstand

Object Anemometer

Kalibrierverfahren

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

MEASNET - Cup Anemometer Calibration Procedure — 09 1997

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

Deutsche sip—

WindGuard

Date PECC3
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iy 10/8208
DKD-K-
36801
11/2010

Kalibrierergebnis:

Resuit:

Testitem (1/s) Tunne! Speed {m/s) Uncertainty (k=2) (m/s)
85.521 4186 005
127.427 6.092 0.05
168.721 7.981 0.05
208.342 9.818 005
251242 11.774 0.05
294.118 13.733 005
336.8%4 15.684 005
313735 i 14.649 0.05
272583 12.756 0.05
229.290 10.776 0.05
187.638 8.848 005
146.082 8.962 005
108.052 i 5179 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 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 auBerhaib
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 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 DKOD is signatory to the muiltilateral 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

Oldenburger Str. 65 Rk ]
rger Str. .
26316 Vare! ; Tel. ++49 (0)4451 95150 WdeUCI’d

Date PECC3 46 /53
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Date

Anhang

2
. 10/8208
A S
nnex H Py N [M)" = Ll 0 M
- 1 - -
1 Detailed MEASNET ' Calibration Results
indG
DKD calibration no. 10/8208 o N Ua,o,é
<
Body no. 11102423 Ky =
Cup no. 11102423 = e
Date 27.11.2010 @ ; ne —
Air temperature 18.5°C c 'af» S
Air pressure 1009.8 hPa P :
Humidity 30.3% % "s\
9 sgqn?
Linear regression analysis :
Slope 0.04591 (m/s)/(1/s) £0.00004 (m/s)/(1/s)
Offset 0.239 m/s £0.008 m/s
Steerr(Y) 0.007 m/s
Correlation coefficient 0.999996
Remarks no
Calibration No: 10_8208; Body No: 11102423; Cup No: 11102423
20 {5aae : : 102
WindQuard
15 . 01
-
§.1° b * ¢ e ; y 4 e . 2 . 0 i
< ‘ . " z
g a [
5 - 041
-
° _ 02
0 50 100 150 200 250 300 350 400
sicp 004551 Anemrometer cutput A/s
offgst: 0.229
T e * Mutie & Wetmet

'y 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 Disisckia e
gisad:'s‘?/u-?e: I: ?or: 5.549 (0)4451 95150 WI'ndGUCI'd
PECC3 47/ 53
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Anhang
Annex

10/8208

2 instrumentation

Pos. Sensor

Manufa. Identification Year
Pitot static tube Airflow 483/8 Nr. 000142 02
Pitot static tube Airflow | 483/8 Nr. 000143 02
Pitat static tube Airtlow 83/8 Nr. 000144 02
Pitot static tube Airflow 83/8 Nr. 000145 02
Pressure transducer Setra C 239 Nr. 1688081 02
Pressure transducer Setra C 239 Nr. 1688082 02
Prassure transducer Setra C 239 Nr. 1688083 02
8 | Pressure transducer Setra C 239 Nr. 1688084 02
9 | EI. Barometer Vaisala 100 A Nr. X2010004 02
0 __| El. Thermometer Galitec KPK 1/8-ME 02
El._Humidity sensor Galltec KPK 1/6-ME 02
Wind tunnel control - - -
CAN-BUS/PC esd 04
14 _| Anemometer -
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

- " oo

tunnel of Deutsche WindGuard, Varel. The anemometer

imaging geometry.
shown is of the same type as the calibrated one.

4 Deviation to MEASNET procedure

5 References

{1) D. Westermann, 2009 - Verfahrensanweisung DKD-Kalibrierung von Windgeschwindig

Calibration set-up of the anemometer calibration in the wind Remark: The proportion of the set-up are not true to scale due to

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

{2] IEC 61400-12-1 12/2005 - Wind Turbine Power Performance Testing
3] 1ISO 3966 1977 - Measurement of fluid flow in closed conduits
[4] MEASNET 09 1997 - Cup Anemometer Calibration Procedure

soren

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

Deutsche apa—
ard

WindGu

Date PECC3
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Appendix C — Filling missing data

A. Filling missing data at 80m height

As reported earliefyoth anemometers at 80 m at 60 eght did not work from 25 December

2012 to 7 January 201&hd from 19 September to 17 October 2@12 to cable failureThus,

atempt was made to fill those missing datang qualified data meared at other heights. The
approach is first a relationship between wind data at two heights was established, usually by a
linear equation. This relationship is then used to estimate midaita by ang qualfied data at

the other height.

For 80 m wind data the relationship was established as a linear equation as shown below
V80=a.V4otb (Eq. 1)
Where
1 V80: measured wind speeed at 80 m height
1 V40: measured wind speeedditm height

{1 a:slope parameter
1 b: offset parameter

This approach was made separately for 12 direction sectors each 30 dewgeesults of
establishment for 80 m wind speed data by direction sectors are shown below

aparame- | b parame-
Nr Angle Wind speed Abbreviation ter ter
Medium wind speed | VTB80 1.120 0.044
1 15°- 45° Min wind speed VMax80 1.020 0.151
Max wind speed VMin80 1.380| (0.020)
Standard deviatio VSig80 0.631 0.060
Medium wind speed | VTB80 1.110| (0.025)
5 450 75 Min wind speed VMax80 1.020 0.040
Max wind speed VMin80 1.350| (0.018)
Standard deviatio VSig80 0.715 0.011
Medium wind speed | VTB80 1.120 0.120
3 750 105° Min wind speed VMax80 1.010 0.226
Max wind speed VMin80 1.240 0.276
Standard deviatio VSig80 0.682 0.051
Medium wind speed | VTB80 1.160 0.314
4 105°- 135° Min wind speed VMax80 1.030 0.459
Max wind speed VMin80 1.220 0.471
Standard deviatio VSig80 0.821 0.032
= 135°- 165° Medium wind speed | VTB80 1.200 0.538
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aparame- | b parame-
Nr Angle Wind speed Abbreviation ter ter
Min wind speed VMax80 1.060 0.804
Max wind speed VMin80 1.260 0.489
Standard deviatio VSig80 0.896 0.038
Medium wind speed | VTB80 1.190 0.282
6 165°- 195° Min wind speed VMax80 1.070 0.543
Max wind speed VMin80 1.220 0.389
Standard deviatio VSig80 0.768 0.065
Medium wind speed | VTB80 1.140 0.333
7 195°- 295° Min wind speed VMax80 1.020 0.678
Max wind speed VMin80 1.290 0.194
Standard deviatio VSig80 0.798 0.064
Medium wind speed | VTB80 1.120 0.354
8 9950 2550 Min wind speed VMax80 1.020 0.648
Max wind speed VMin80 1.300 0.203
Standard deviatio VSig80 0.854 0.049
Medium wind speed | VTB80 1.120 0.113
9 2550 285 Min wind speed VMax80 1.040 0.295
Max wind speed VMin80 1.260 0.079
Standard deviatio VSig80 0.862 0.046
Medium wind speed | VTB80 1.270| (0.085)
10 285°- 315° Min wind speed VMax80 1.130 0.147
Max wind speed VMin80 1.400| (0.024)
Standard deviatio VSig80 0.847 0.033
Medium wind speed | VTB80 1.170 0.300
11 315°- 345° Min wind speed VMax80 1.040 0.535
Max wind speed VMin80 1.360 0.317
Stardard deviatio VSig80 0.793 0.025
Medium wind speed | VTB80 1.150 0.092
12 345°- 15° Min wind speed VMax80 1.030 0.163
Max wind speed VMin80 1.420 0.066
Standard deviatio VSig80 0.565 0.071

B Filling missing data at 60m height

Similar to above, missing data at 60 m was recovered using qualified data meadQ0red at

The establisment is set as follows

The results of establishmefur wind speed data at 60 m height by direction sectors are shown

below

Date

V60 =a.V40xb

PECC3

(Eq. 2)
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a parame- b pa-
Nr Angle Wind speed Abbreviation ter rameter
Medium wind speed | VTB60 1.090| (0.031)
1 150- 45° Min wind speed VMax60 1.020 0.078
Max wind speed VMin60 1.220| (0.041)
Standard deviatio VSig60 0.776 0.039
Medium wind speed | VTB60 1.090 (0.088)
2 450 750 Min wind speed VMax60 1.020| (0.003)
Max wind speed VMin60 1.240 (0.127)
Standard deviatio VSig60 0.841 0.007
Medium wind speed | VTB60 1.090| (0.022)
3 750 105° Min wind speed VMax60 1.020 0.065
Max wind speed VMin60 1.110 0.153
Standard deviatio VSig60 0.874 0.018
Medium wind speed | VTB60 1.070 0.104
4 105°- 135° Min wind speed VMax60 1.020 0.218
Max wind speed VMin60 1.070 0.266
Standard deviain VSig60 0.926 0.029
Medium wind speed | VTB60 1.070 0.173
5 135°- 165° Min wind speed VMax60 1.020 0.367
Max wind speed VMin60 1.110 0.104
Standard deviatio VSig60 0.936 0.049
Medium wind speed | VTB60 1.150 0.043
6 165°- 195° Min wind speed VMax60 1.070 0.230
Max wind speed VMin60 1.180 0.101
Standard deviatio VSig60 0.865 0.037
Medium wind speed | VTB60 1.100 0.111
7 195°- 9959 Min wind speed VMax60 1.020 0.357
Max wind speed VMin60 1.190 0.050
Standard deviatio VSig60 0.887 0.034
Medium wind speed | VTB60 1.070 0.168
8 2050 255 Min wind speed VMax60 1.010 0.362
Max wind speed VMin60 1.170 0.116
Standard deviatio VSig60 0.908 0.031
Medium wind speg¢ | VTB60 1.070 0.109
9 2550 285 Min wind speed VMax60 1.010 0.245
Max wind speed VMin60 1.150 0.073
Standard deviatio VSig60 0.911 0.031
Medium wind speed | VTB60 1.140 (0.011)
10 285°- 315° Min wind speed VMax60 1.060 0.141
Max wind speed VMin60 1.230| (0.033)
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a parame- b pa-
Nr Angle Wind speed Abbreviation ter rameter
Standard deviatio VSig60 0.907 0.019
Medium wind speed | VTB60 1.100 0.127
in wi 1.010 0.055
11 315°- 345° Min erld speed VMTaXGO
Max wind speed VMin60 1.190 0.185
Standard deviatio VSig60 1.030 0.042
Medium wind speed | VTB60 1.100 0.005
in wi 1.020 0.068
12 3450 15° Min erld speed VMTaXGO
Max wind speed VMin60 1.210 0.066
Standard deviatio VSig60 0.787 0.028

C. Wind data after recovery

The above established equati@ns then applied to data at the other hieighnfer missing data.
The results are shown below (in red)

Table: Monthly average wind data at80mand 60m after recovery

Quantity/Year MSE;T / Jan | Feb |Mar |Apr [May |June|July |Aug | Sep | Oct |Nov | Dec |total
80m

2012 4.76|7.31| 6.5 |6.66| 4.92 |5.52|5.13|6.08| 5.91
. 2013 5.78|4.97| 4.88| 5.29| 5.09| 5.66| 4.91| 6.15| 5.96 | 6.67|7.87| 7.9 | 5.93
Wind Speet— 51— IMS] 5171 4.67[5.032.27|5.76 52
Total 5.78
2012 5.36(/8.23| 7.3 |7.51| 5,57 |6.24| 5.8 | 6.87|6.688
Weibull A- 2013 6.51|5.61|5.52| 5.96| 5.75|6.3765.5286.95714.2067.5548.8558.6396.707
parameter| 2014 | ™! [6.9615.2465.6664.8186.494 5.867
Total 6.529
2012 2.58|2.67|12.73|2.58| 205| 2 |2.15|1.85|2.1173
Weibull k- 2013 2.64|2.03|1.89|1.78| 2.34|2.5272.6292.284 5.477{1.9992.5734.4752.064
Parameter| 2014 [ 2.4681.6841.8231.8449 2.5 1.966
Total 2.051

Turbulence Intensity-] 0.108

60m

2012 4.43|/6.81|6.06|6.23| 4.64 | 5.23|4.77| 5.62| 5.52
Wind Speeq 2013 [ms] 5.31|4.52|4.39|4.85|4.73| 5.25|4.56| 5.73| 5.57 | 6.24|7.43| 7.27|5.49
2014 5.69| 4.3 |4.61|3.83|5.26 4.75
Total 5.35
2012 4.99|7.67/6.81|7.04| 5.25|5.92| 5.4 | 6.36|6.253
Weibull A- 2013 5.98| 5.1 |4.97|5.48| 5.34|5.9165.1296.49112.8047.3668.3817.9726.208
parameter] 2014 | ™! [6.4312.8255.1954.3295.935 5.37
Total 6.057
2012 2.58| 2.6 |12.69|2.53| 2.12|1.81|2.11|1.81|2.099
Weibull k- 2013 2.65| 2 |1.86|1.77|2.33|2.5472.6422.294 5.269(2.2762.4994.2382.037
Parameter| 2014 [ 2.4391.644 1.82|1.9222.442 1.95]
Total 2.026

Turbulence Intensity-] 0.124
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