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1 Executive Summary

PECC3 was commissioned by GIZ to conduct assessment of long termesatuaiae 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 measutesemsorsat each 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 tovgitogive a statement about the representativeness of the
measurement period regarding the kdegn wind climate of the regiofherefore, it was ded

ed to extend the wind measurement at those sites for another year.

The results of wind mearements foyear 1 and for both years are summarizatle 1, which
presents wind cligological characteristics as Wind Speed, WeibulP&ameter, Weibull -k
Parameter and Tuulence Intensity at each measurement heightedlsas general climatologita
site characteristics such &srtperature, air pressure and humidity

The following resultsanbe hidilightedfor site Thanh Hai

U Measured average wind speed at 80m in the second year38as/S, 6.7% lower than
the averagavind speed recorded in the first year6of2 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 ladiegm wind data from th&a Tri meteorological
station. It revealed that the measueantperiod fell into low wind speed perio@g.7%6
long term average). Intgreting differently, actual data could be as largeG&4% high-
er.

U Correcting measured datattvithis wind index, the average wind speed at 80 frhahh
Hai could be as high &43m/ s whi ch is figoodod by ol assi

try:
Year 1 Year 2
Wind Speed [m/s] 6.42 6.22
80m Weibull A-Parameter [m/s] 7.226 7.02
Weibull k-Paraneter [-] 2.645 2.39
Turbulence Intensity [-] 0.122 0.13
Wind Speed [m/s] 6.18 5.83
60m Weibull A-Parameter [m/s] 6.954 6.58
Weibull k-Parameter [-] 2.619 2.42
Turbulence Intensity [-] 0.142 0.142
Wind Speed [m/s] 5.61 5.31
40m Weibull A-Paraméer [m/s] 6.315 5.99
Weibull k-Parameter [-] 2671 2.47
Turbulence Intensity [-] 0.161 0.159
, ) Temperaturd.4m [°C] 27.70 27.47
Site meteorct)loglcal - Pressuré&m [hPa] 10100 1010
rameters Relative humidityl4m [%] 81.40 81.6

Tablel: Results of the wind measurement campaidgiT manh Hai VietNam.
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2 Background and Scope

The assessmermdf long term wind resource at Thanh Haicarried out under the program

fiWind measurement for developing wind power plan and wind power projetsd0 wi t hi n t
framework of theprojectfiEstablishment of legal framework and technical assistance to gird
connected wind power development in Viet Na . The progr atreGermanf i na
Federal Ministry for Environment, Nature Conservation and Narclgafety(BMU) and The

Ministry of Industry and Trade of VietnafilolT) and is implemented bpeutsche Gesellschaft

fuer International Zusammenarbé€{®1Z) andthe Ministry of Industry and Trade (Mol Tof Vi-

etnam The objectives of the program are to sopppocal governments conduct wind power
planning in their provinces and at the same time suvate developers in their wind project
develgpmens.

The program covers 10 sites scattering from North to South. For the purpose of suppprting pr
vate cevelopers of wind power projects, some of $itesare 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 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
Vietaam@
{1 aQaT My Thanh

Table2: List of sites under the program
Kon'Dongj aDery
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 figes o &
. S e . Noher . ihanh Hal)j"

the following responsibilities: giving advice on SiffEee 132y Goo le

selection; providing specifications for travers J : = 8

booms and geometry of installations; giving advice

on installation strategy; esite supervisioncommssioning, documentation for the first system

ard transfer knowhow 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 Mr. Andreas Jansenwho is the Managing Diré¢gr.
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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 eldatocaections and commissio

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 @dopment.

To back up the programdr. 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 localmast 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 resourceTatinh Haiis based on & complete year data at the site,
startirg from the commission date. The long term reference data at the nearby meteorological
station is provided by the program owner. The assessment is supported by a numiberoail tec
documents which are outputs of the previous steps, to be described éxtlsetions.

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 practices of professional wind evaluators.

Lastly, snce adetailed prediction of the wind resource of future periods, including thesidé
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 thiteopast about 1@ 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 (devicessansors) together with Nam 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 mdstha date of starting operation 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:

1 Commissioning / Installation Report on Wind Measurement Unifhanh HaiBen Tre
from: 1/05/2012.

The economic success of a wind energy project is basically a question of the achievedrannual e
ergy production. The energy vyield is typically determinedrduthe planning process of aopr

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 succesgdads on a reliable assessment of the-teng 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 reliabldase for the assessment of the expected energy yield, a wind speedemeasur
ment directly at the proposed site is required. The measurement should be conducted for at least
one complete year. A ongar period (if it agees to the recommended reqoients 6 quality)

will give the necessary information for lotgrm 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 vertad 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 lbeigm wind conditions has to be madéerever
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 fluctuafiamsd

speed. A wind speed measurement, carried out in a good year with energy productiorvabove 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 speecgunement 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
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uation that results 10% ket than the longerm conditions would permit. The assessmenteeof 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-tengp 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 oneryeacorded at an identical

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 letegym 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 wind 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 (lortgrm measurement station) for the identical time period, producing a set
of correlation parameter, which will have even lower uncertaintieshad the more stable 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 frometiReference Site.

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, nded within thesame 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 he site of the shoterm 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 measaments 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 limied accuracy and not 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 lelegn correlation and data alignmentlasg as the data

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 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 measuring of the turbinee-Noneth
less, this standaril due to its importance concerning reliable statememte @t wi nd t ur
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 documentation about the measurement is indispensable. Theabfer@ be-
low represents the most important poitiat 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 wind vanerth-
mark (given as offset to the geographical
North-Pole)

Used recorder type (strip chart, dadietc.)
Installed 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 & low as possible. 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 mechanismand 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 turbirstsd-

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 wind data in 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 measurement oniggtally 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 assessmese¢rdove for fther
information)

3.1.6 Equipment

Wind speed measuremerate carried out for a longeriod ¢ one year). Therefore, the chosen
sensorsaresuitable for durable use. They can even work under extreme weather conditions. The
equipment consistef components with high quality performances and reliable characteristics.
An error of1% in wind speed means an error of B in energy yield. The anemometers and
wind vanes have for this reason beatibrated in a wind tunnel suitable for wind energwr-
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poses. Data sheets and calibration data of the sensors were documented and can be feund in A
pendixB.

3.1.7 Data recording

The time series recorded consist of average values, standard deviations, minimum and maximum
values for 10minute averages. The sammgiinterval was 1/s (1Hz) according ®df. 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 (ijja GSM mobile phone &

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 optioto be used)telecom signals at those sites were checked to
ensure the systems wark

3.1.8 Maintenance and monitoring ofmeasurementstation

To get secured measurement datguarterannualinvestigationand maintenancef the mea-
urement sition and the measureent datavas 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 Measurement Results
The following Table 4 shows the starting date of opeoa for each measurement site. The- fi
ishing date represents the ceiling of this firgplort.

Site Starting date Finishing date
Thanh Hai 1.05.2012 00:00 30.04.2014 2350
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 climatological characteristics for each measurement site. The wind
speed values in this report repres@érdibull fi tted 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 thaneasured wind speeds 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 alltations 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 used&tanh Haistation.

Sensor Type Serial | Calibration- | H.a.g.l. | Boom ori- | North | Slope | Offset
Number [m] entation | label
[°] [°1/
Offset
Thanh Hai Coordinates (UTM WGS84) X / Y:68215503 / 109428676
Top Are- Thiesist Class |1110282| 10/8199 | 80 . - | 0,041 0.255
mometer
Mid Ane- .
Thies 1st Class |11102129| 10/8202 60 - - 0.0486 | 0.251
mometer
BoUoM AN | rhies 1stClass | 1110289 10/7885 | 40 . - | 0,048 0.260
emometer
. Wind Vane
Wind Vane Thies4.3128. 06xx 1110081 - 80 315 135 - -
Data Logger| Ammonit Meteo32 | C100650 6 - - - -
Temperature 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 parameters of measurement equiprhanhadtaistation
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In terms of system performance, the data logiignot recorddata from wind anemometer & 8
m from 05 Feb2013 to30 April 2013 due to cable failure

Attempt was made to fill missing data using qualified data measured at other heightp- The a
proach is first a relationship between wind speeds at ®&ights is established, usually repr
sented by a linear equation. This relationship is then used to estimate missing data by lising qua
ified data at the other height. Specifically for the present measurement stasisimg data at@®

m height were fillecdby data ab0 m. This way, a complete two year data were established. D
tailed approach is in the apmbx.

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

Quantity/Year Mggitth/ Jan | Feb |Mar |Apr [May |June|July |Aug |Sep| Oct | Nov | Dec | total
80m
2012 5.11/6.76| 5.92|6.67|5.4|5.56| 7.15| 8.59| 6.39
. 2013 7.9119.91|5.35|5.66 4.3 |4.89|5.75|6.02|5.08 5.67| 7.06| 5.54| 6.01
Wind Speed—514 | ISl "5 5 17.48[ 7.54 [4.08 6.47
Total 7.3558.6956.4454.87/4.7055.8255.8356.3455.245.6157.1057.065 6.22
2012 5.73|7.46| 6.62| 7.34|6.06 6.29| 7.93| 9.56| 7.18
Weibull A- 2013 8.86/10.88| 5.98(6.39 4.84| 5.48| 6.46| 6.76|5.74 6.38| 7.98| 6.26| 6.79
Parameter| 2014 | ™! [7.66/8.46]8.52(4.52 7.33
Total 7.02
2012 2.83|3.72|12.94|4.02|2.7|2.25| 3.56| 3.43| 2.78
Weibull k- 2013 2.88| 4.26| 2.34|2.43 2.53| 2.7 | 2.56|2.88| 2.4| 2.66| 2.3 | 2.15| 2.26
Parameter| 2014 [l 556/ 2.38]2.61(3.56 2.22
Total 2.39
Turbulence Intensity-] 0.130
60m
2012 4.81|6.35|5.58|6.26 5.07/5.21|6.70(8.02| 6.00
Wind Spee 2013 [ms] 7.3618.90|5.06 |5.32/ 4.05|4.60|5.44|5.664.73|5.31|6.63 |5.23| 5.63
2014 6.38|6.97|7.02 |3.88 6.06
Total 5.83
2012 5.40|7.03|6.25(6.915.70{5.89|7.42|8.91| 6.74
Weibull A- 2013 [m/s] 8.23|9.74 | 5.68 [6.00| 4.56| 5.16| 6.12|6.36 5.34/5.98 | 7.50|5.91 | 6.36
Parameter 2014 7.17|7.87|7.92|4.31 6.86
Total 6.58
2012 2.75|3.55|2.87(3.842.64/2.25|3.64|3.50| 2.77
Weibull k- 2013 2.99|3.42|2.47 |2.50| 2.50| 2.66| 2.53|2.77|2.36| 2.66 | 2.33 | 2.23| 2.28
Parameter| 2014 M 671246270 3.5 2.30
Total 2.42
Turbulence Intensity-] 0.142
40m
2012 4.4215.81|5.13|5.734.65(4.73(6.09|7.21| 5.47
Wind Spee 2013 [mis] 6.64|7.92|4.50 |4.87| 3.72| 4.22|5.03|5.184.31/4.85|6.02|4.78| 5.13
2014 5.79|6.34|6.41 3.61 5.53
Total 5.31
. 2012 4.9716.45|5.75|6.33/5.24|5.35|6.73|8.00| 6.14
ng:gﬂ'eﬁér 2013 | [mis] [7.42|8.82 |5.05 [5.48| 4.19| 4.74| 5.66|5.83 4.87|5.46 | 6.80 | 5.40| 5.79
2014 6.50|7.16|7.21 |14.02 6.26
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Total 5.99
2012 2.70|3.44|2.81|3.71|2.59|2.27|3.79|3.62| 2.79
Weibull k- 2013 3.11|4.15|2.79 |2.56| 2.46| 2.61| 2.51|2.69 [2.34/2.70|2.41|2.33| 2.33
Parameter| 2014 (1 280(2.552.81 3.32 2.38
Total 2.47
Turbulence Intensity-] 0.159
Further meteorological parameters
Temperaturd4m [°C] 27.47
Pressuré&ém [hPa] 1010.00
Relative [rcl’z]mldltme 81.60

Table6: Monthly averages of wind meteorological characteristiCBhanh Hai

Data from 1.05.2011 to 30.04.2014 shows that amveind speed of 6.22 m/s is available with
wind direction mainly from from 225 to 255 and from 315 to 345 degrees. Wind speed s distri
uted according to Weibull equation with parameter A=7.02 m/s and k=2.39. Windngestr
during November and Marciindweak during the remaining months, especially in May and in
September.Main wind directions were between 45 to 100 degrees and from 260 to 280 degrees.
Wind is stronger during November kMarch and weak during the remaining months,eesgly

in May and inSeptember. This monthly pattern complements hydro quite well which is plentiful

during AprikFSept ember , and presently accountitg fo
put.

In terms of mean diurnal profile, wind is strong during daytime and weakgduoigint time. This
characteristic is desirable as it can contribute to meeting noon 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 slsi f i cati on i n wind eneirgy i

umo , not so attractive unl ess the meatigr e me.
topic will be dealt in the next section
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5 Long Term Correction

The above results came from the gm@@ar measurement fror/05/2012 till 30/042014 which

does not necessarily represent the 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 neasured in cities or towns at 10 m high angallg with 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 fronBa Tri meteorologtal station (correlation factor: @p

12.00

10.00
8.00

6.00 A

=&—DBa Tri

4.00 == Thanh Hai

- ka* wf '%ab ~LUIL jiie‘P nhoL/ ia* wf "l"aL/ ~My %Ee‘lo nhoL/ $a* Mr "i"aL’

2012 ‘ 2013 2014

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
spee period, equivalent t86.76 of long term average values was shown in Figure 3 which
shows annual average wind speed from 1997 to 2013.

m/s
3.0

> /N
2.0

1.5 4

1.0

0.5

0.0
Figure3: Annual average wind speedBd Tri meteorological station
Interpreting phenomendifferently, actual wind speed could be as much0&8s4% higher than

the measured data.
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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 péed sit 80 m athanh Haihen

could be as high &&43 m/s which is good by classification of wind energy indus@igrtainly,

there is unceainty 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 uncertainties that are 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 standardsr@cetpres concerning

the measurement equipment, the installation of the equipment, 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 consgléhe above means some remaining u
certainties cannot be brought to a level of zero. These uncertainties may be of systenstic or st
tistic nature. Uncertainties belonging to the laagnm variations are referring fmossible dew-

tion of the wind charaeristics within the measurement period from the long term valuamynd
statistical and systematic uncertainty introduced by the procedure, basstich data gaps

were filled.

Table7 represerdthe relative uncertaties attached to the wind databas¢heThanh Hai

Uncertainty
Uncertainty Component Comment of Wind
Speed [%]
Wind speed measurement
Anemometer calibration Ungertamty applied for whole wind tunnel cal 156 %
bration range
Anemometer mounting edtts
- 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|  0.86%
properties
Estimated ugertainty due to possible deviation
of the wind characteristics within the measur
. . 2.68%
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 statisticaheans
Data acquisition relative to mean wind speed | Uncertainty of data recording Obofror)gs
Total uncertainty wind data base 3.37%

Table7: Relative uncertainty of the meteorological dat@ltznh Haistation in terms of wind speed. All s db-
note the standard uncertainty in accordance to the International Standards Orgénisation

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 site and for each measurement height a dethiled ana
ysis reporis provided.

Within this Appendix for each height one after the other important features are displayest that d
scribe the characteristics of the windrate at the siteThe following table represents the page
numbers, which is valid of each appendix A:

Measurement heigl

o 80m 60m 40m
Analysis issué

Statistics of records I Il 1]
Frequency Disibution
of Wind Direction ai80 v
m

Frequency Distribution
of Wind Speed
Course of WindSpeed
(80m) and Wind Dire- VIiI
tion (80m) over the day
Courseof Wind Speed
(80m) and Wind Dire-
tion (80m) over the
months

Table3: Wind data analysis and evaluation for all measurement stations within Appendix A

\% Vi VI

IX
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Appendix AT Detailed Wind Measurement Data Analysis and Evaluation
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60m height
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40m height
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Il -Frequency Distribution of Wind Direction at 80 m height atThanh Hai Station
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Date

lll -FrequencyDistribution of Wind Speed at 80m height at Thanh Hai Station

Wind Speed Frequency Distribution

/f\i
6 -%\ \\
_ | \ 7\
S \ i
z, \
N, \
0 4_ _
0O 5 10 15

Wind Speed (m/s)

20

== Maximum likelihood
Least squares

= WAsP
Actual data

Frequency Distribution of Wind Speed at60 m height at Thanh Hai Station

10+

Wind Speed Frequency Distribution

Frequency {%)

10
Wind Speed (m/s)

15

== Maximum likelihood
Least squares

= WAsP
Actual data

PECC3

31/51



Final report of wind measement GIZ/MolT Wind Energy Project

FrequencyDistribution of Wind Speed at 40m height at Thanh Hai Station

6. Wind Speed Frequency Distribution
= Maximum likelihood
Least squares
M — WASP
5. T Actual data
,—""-\

.-.4 / \ﬂ
32 7T N
= THINU | N
§‘3 I \\ \j
S AN
-3 N
d B N[
w N

9 i \ ‘

N
14
N
4
Oﬁﬁ H’»“:. '
0 4 8 12 16
Wind Speed (m/s)
Date PECC3

32/51



Final report of wind measement GIZ/MolT Wind Energy Project

IV -Course of Wind Speed 80m, 60m and 40over the day atThanh Hai Station
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Date

Appendix B i Calibration sheetsThanh Hai
Thanh HaiThies £'Class Anemometer 80m:

H-30m

DEUTSCHER KALIBRIERDIENST DKD

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

Deutsche — Deutsche WindGuard e auren
Wind Tunnel Services GmbH = » AN
WindGuard | Sen 4“"
The Wind Profassionals are DKD-K- 36801
10/8199
DKD-K-
Kalibrierschein Kalibrierzeichen | 36801
Calibration Certificate Calibration label
11/2010
SEgamens 439511000 W g

Darstellung der Einheiten in Ubereinstimmung
Hersteller . . mit dem Intemationalen Einheitensystem (SI).
Manufacturer Thies Clima Der DKD ist Unterzeichner der mutti- lateralen
D-37083 Gattingen Ubereinkommen der European co-operation for
Accreditation (EA) und der Intemational

e 4.3351.10.000 Laboratory Accreditation Cooperation (ILAC)
ype zur  gegenseitigen  Anerkennung  der
e A Kalibrierscheine.
Fabrikat/Serien-Nr. Body: 11102432 Fir die Einhaltung einer angemessenen Frist
Cup: 11102432 zur Wiederholung der Kalibrierung ist der
Benutzer verantwortlich.
mmr 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).
Auftra,gsnummer VT10799 The DKD is signatory to the multilateral
Order No. agreements of the European co-operation for
Anzahi der Seiten des Kalibrierscheines 3 o mag it Sl Rty
Number of pages of the certficate for the mutual recognition of calibration
o certificates.
Datum der Kalbrierung 57 44 2010 The user is obliged to have the object

recalibrated at appropriate intervals.

Dieser Kalibrierschein darf nur volistindig und unverindert weiterverbreitet werden. Auszlige oder Anderungen bedrfen
der Genehmigung sowohl der Akkreditierungsstelle des DKD als auch des ausstellenden Kalibrieriaboratoriums.
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.

Datum Leiter des Kalibrierlaboratoriums Bearbeiter

Head gf the jon laboratory Person i
28.11.2010 - »
. Hhper—— <

Dipl. Phys. D. Westermann Dipl. Ing. {(FH) Catharina Herold

Deutsche Vllr:‘:iu;srd Wind Tunnel Services GmbH Deuische g
26316 Varel ; Tel. ++49 (0)4451 9515 0 WindGuard
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