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EXECUTIVE SUMMARY

************** *********** * * *** ** * **

Agency for Non-Corutentional Dnergg and Ruml Technology (ANERT),

T?irnndrum uide their letler No. ,H31/WRA/ANERT/2OO9 dated

22.11.2011 had approached Notiornl hstitute of Wind Erergy (N/I//E),

Chenrni for toking up Wind Monitorhg study at Malarnpuzha Dan"

Polalckad. Distrbt, Keralo. This report giues t]rc results of the detailed

arnlysis carried out about the wind chanactenstics at Malampuzha Dam,

Palokkad district, Keraln-

The location Malampuzha Dam, Palakkad uns selected for the sfitdy

in May 2O12 based on the Indian Wtd dtlas. The Wind Monitortq station

at the proposed loation uas cr,mmissioned on 15.O5.2O13 with a 8Om

tallguyed dtbular mast uith instrumentations at 80m south, 78m south,

SOm and 2Om leuels. Wind speed sensors (Anemometer) were frxed at all

the four leuels mentioned aboue and the wind direc"tion sensors (wind

vane) utere fixed at 78m & 48m levels. Tun year dato collection uns

ampleted in the month of Mag 2O 1 5 and. the data re@uery rate is 99.90%.

Based on the analysis of tun gear data collected at Malampuzlu

Dam, the Mean Annu.ol Wind Pounr Densi[ MAWPD) at 8Om level for the

period. from June 2O13 to Mag 2O14 is found to be 163.49 W/mz and. Junc

2014 to Mag 2O15 is found ta be 154.O9 W/mz r*pectiuelg. Tle

predominont uittd direction is found to be West (W)for both years.
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REPORT ON WIND MONITORING STUDY AT MALAMPUZHA DAM,
PAI.AKKAD DISTRICT, KERALA

1.0. BACKGROUND

M/s. Agency for Non-Conventional Energy and Rural Technology

(ANERT), Trivandrum vide their letter no. 4431/WWANERT/2009 dated

22.11.2011 - approached NIWE for a proposal to measure wind

characteristics by establishing a Wind Monitoring study at Malampuzha Dam,

Palakkad District, Kerala. Based on their request, NIWE submitted a project

proposal on 28.09.2012 for the aforesaid study with 80m tall tubular met

mast.

A Wind Monitoring Station was commissioned on 15.05.2013 and data

collection was carried out till May 2015. This report gives the results of the

wind monitoring study carried out for two year.

2.0. OBJECTIVE

) To establish a 80m height wind monitoring station at Malampuzha

Dam, Kerala

D To Collect wind data at various levels for 2 years, analysis of data

> Preparation and submission of wind monitoring study report.

3.0. SITE DESCRIPTION

The site is located at Malampuzha village, Palakkad District-Kerala and is

approximately 6.66kms East from Chadayangulay town. The orography of the

site is Plain Terrain and the soil type is known to be Alfisols.

The geographical co-ordinates and elevation details of the site are given

in the Table 1

Wlnd R@l//r.g'',,rcnt lhrlt
Flnal RWt ott Sllnd r,rorrlbrlrrg tut ot rt rr*mpzln Dtm, hbw Uidq fqrlr lq

n/a t ERf, ltffirarn, turl2ot,
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FIGURE 1: DISTRICT MAP OF PALAKI<AD

FIGURE.2. MAST LOCANON
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TABLE 1: GLOBAL POSITION AND OTHER USEFUL INFORMANON OF

MALAMPUZHA DAM WIND MONTTORING STATION

Latitude 10048',57.7" N

Longitude 076" 40', 10.3" E

Elevation 117 m AMSL SOI Topomap No.58-B9

Kerala

District Palakkad

Taluk

Village Ma lam puzha

Nearest town Palakkad

Nearest Railway station Olavakodu

Nearest Airport Coimbatore

Orography Plain Terrain

Soil Alfisols

Zone III

Land Use

Semi Complex Terrain

Nearest NIWE mast

location

CHADAYANGUI-AY -6.66kms aerially towards
East
Latitude - 10048'11"
Longitude - 76o43'47"

Nearest wind farm in

operation
Nil

wlnd R@,/reAg55,rrct t Unlt
nn l Rqo.t ot lund,torrldrrg Miot .t N*rrDun a lbm, PaLl*ad lrl#4 xqrla fq

H,/t arlE?l, Triyarrdtun, ,uly 2orz

3

State

Palakkad

Earthquake

Vast land

Physiographic Division
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4.0. DESCRIPTION OF THE MASTS &INSTRUMENTATION

A 80m tall guyed tubular wind mast was commissioned on f 5.05.2013.

A picture of the mast mounting arrangements and a Panommic view taken

from the site is presented below (FiS 3).

FIG 3. VIEW OF MET I"IAST

Anemometer (wind speed sensors) were fixed at 8Omsouth, 78msouth,

50m & 20m and the Wind vane (wind direction sensors) were fixed at 78m

and 48m levels, The outputs from the sensors were connected to an

automatic sophisticated data logger system that was kept at 1,5 m above

ground level in locked weatherproof housing. The data logger used was

imported from M/s. Second Wind Inc, USA. The sensors used were imported

lHRqo/l''-0,tl,r't
Hd eq q, uW r&t ldt *rr rr rwt lu,rl, rW Offi, Xc* tu

,r/r. rtat, ,rffiua, f ,,
4

-1
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from M/s. NRG systems Inc, USA and the anemometers used were calibrated

at M/s. SOHANSEN.DK. Denmark.

The calibration certificates for the instruments used are given in Annexure 3.

TABLE 2: DETAILS OF WIND SENSORS USED TN THE SITE

Sensors Height Slope offset

Anemometer

80m south

78m south

50m

20m

179500166150

L79500t66t47

179500166146

179500166143

0.3228s

0.30537

0.33178

0.31667

Wind Vane
610

609

Temperature

sensor
10m 00s

Pressure Sensor 18178

WlndRan taAg',lrpotlhrh
FIBI Rqrt ot, aqnd,tonlbrrng Sffin,t rt brrrpudD tu rb PCrk*.t Dlfrq fq.ra fq

t /t AflEnl, lrlnt .rturn, tW 2O9

5

Sensor serial

Number

0.76430

0.764L7

0.76440

0.76288

78m

48m

8m

5.0. DATA MEASUREMENT

In the data logger, wind speed and directions were sampled at 1 sec and 10

minutes average values were logged. Analysis was performed with 10

minutes average data as per International Electro technical Commission

(IEC) standard. Data was stored in removable storage devices (Compact

Flash Card) which were collected once in a month regularly by NIWE along

with the battery replacement. Data was manually validated to remove outlier
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events due to failed instruments and repeated values. Periodic quality check

on the data was also carried out to avoid incorrectness in the computation

and analysis. The collected data was compiled and interim report was sent to

the client regularly as per the terms and conditions prescribed in the pQect

proposal.

Monthly and Daily Mean Wind Speed values for the four heights (20m,

50m, TSmsouth and 80m south) are shown in Figure 8 ofAnnexure-1,

6.0. DETAILS OF DATA ANALYSED

The Wind Monitoring Station was commissioned at Malapuzham Dam,

Palakkadas per the project terms & conditions and Two-year data collection

was completed in the month of May 2015.As the data collection at the

location for Two year, the customer had been informed by NIWE in May

2015that the data collection would be completed and terminates in the

month of June 2015.

Analysis of the wind data has been performed using Matlab, MS Excel

and Windographer. The data have been checked for quality& correctness,

analyzed and details of the analysis / results are given in &!gWC:l. The

consolidated annual wind data and wind data summary tables for the wind

characteristics at Malapuzham Dam are given in Table 4 and Table

5respectivelyof Annexure- 1.

Mean Hourly Wind Speed, Monthly Mean Wind Speed and Monthly

Wind Power Density values are shown graphically in Figure 4 to 6 of

Annexure-1. The Mean Hourly Wind Speed tables for the four heights

viz., 20m, 50m, TSmsouth &8omsoutharegiven in Table 6, 6A, 6Band6c of

Annexure-1.The graphical representations for the same are given in Figure

4, 4A and 4Bof Annexure-1.

7.0. RESULTS

,JffiEeaMtPrttlth
frEl Aq. o, ,+lt.r rbt rdrv Sffirr.t rwt ,,rr+ *M Dld4, Xq* lq

,lh. NElv, lrlY.rr,*ur, idy 2Or7

6
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The data recovery rate is 99.90o/ofor the period of measurement. The

comparative details of various parameters are as follows:

Year At height

20m

(AGL)

At height
50m

(AGL)

At height

78m South

(AGL)

At height

80m South

(AGL)

46.23 109.68 166.63 163.49

20t4-2015 41.86 98.51 150.40 154.90

Year

Mean Annual Wind Speed (m/s)

At height

20m

(AGL)

At height

50m

(AGL)

At height

78m South

(AGL)

At height

80m South

(AGL)

3.54 4.85 5.68

2014-20L5 3.32 4.55 5.35 5.40

Year
Mean Annual

Temperature
O-

Air density
Kglm3

2013-201.4 27.4t 1.158 0.33

20t4-2015 27.t3 1.160 0.34

7.1. WIND FREQUENCY DISTRIBUTION

maal R@uta,'I'9rrarrt ldt
Frtpl Rqrt or, tlrnd rlooftutu g ffiot rt rltLt pt lD bt r, H.M Dl 4,(qrl,lw

H/t AflERX Trfiardrt t r, W mt,
7

Mean Annual Wind Power Density(Wm2)

20L3-70L4

2073-2014 5.62

Power law



!,'t ';::,
:' . );'t*\.'.,."

*i $nE

NATIONAL INSTITUTE OF WIND ENERGY
WIND RESOURCE ASSESSMENT UNIT

A common method of displaying a year wind data is by wind frequency

distribution, which shows the percentage of time that each wind speed occurs,

Table 7, 7A, 78 and 7C of Annexure-l shows the month wise percentage

frequency distribution for the four measurement heights viz., 20m, 50m, 78m

south and 80msouth.

Joint frequency distribution is another way to display the data, where the

wind is classified by speed and also by direction. Table 8, 8A and 88 of

Annexure-l shows the joint frequency distribution for 50m, TSmsouth and

S0msouth heights.

7.2. WIND ROSE

Two wind vanes have been installed at the site to measure the 10

minutes mean values of the wind direction. Monthly and Annual wind roses

have been calculated to show the predominant wind direction at all the three

heights. Figure 7, 7A,78 & 7C of Annexure-1 shows the monthly wind roses at

80msouth, T8msouth and 50mheights. From the wind roses, it is revealed that

the wind is flowing predominantly from West (W) direction.

7.3. WIND SHEAR PROFILE

The wind shear profile at the site is useful to understand the wind speed

variation with height. Figure 9 &10 of Annexure-l shows the Daily wind shear

and Monthly wind shear profiles. The Vertical wind shear profile based on the

measured data is given in Figure 11 of MeXUIS:1.

7.4. TURBULENCE INTENSITY (TI):

Turbulence Intensity is the basic measure of the turbulence of wind.

Typically, 10o/o of TI is desired for minimal wear of wind turbine components.

The turbulence intensity related graphs are shown in Figure 12 of Annexure-1.

The Mean Turbulence Intensity for the period of July 2013 to May

2014(at 80m AGL) at1sm/s is 0.17 (17olo)&July 2014 to May 2015 (at 80m

AGL) at 15m/s is O.t7 (l7olo).

,lM R,p,,aAg,'/r',,tt ll t
E td Rq,t q Yrrn r,rqrrblrt W,r.t rlwt Dan, NM M4 fc* lv

,r/e AlEtt, lrffiun, .W mt,
8
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7.5, LONG TERM DATA FOR THE STUDY AREA

MERRA (The Modern Era Retrospective-Analysis for Research and

Applications) data have been made available for the site asTable-4& Figure-

6. The latitude and longitude of the MERRA grid point nearby the study site

is given below, This information gives the wind pattern during the period of

Jan 2004 to May 2015at 50m AMSL in the region of interest. This reanalysis

data is helpful in understanding the long term variability of wind speed in the

region of interest.

Latitude Range: 10o48' 57.7"
Longitude Range: 076040' 10.3'
*AMSL - Above Mean sea Level
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3.5

3.3

2.7

2.8

2.7

3.4

2.9

2.5

2.8

2.4

2.7

3.3

3.2

2.5

2.8

TABLE 3: MERRA REANALYSIS DATA FOR, MALAMPUZHA DAM, KERALA
qAA|UARY 2OO4 -MAY 2O15)

whx,RC5n te,6s5E!,,grtlfft
Fr,el Rq.tot Wrrxr t ot iffirg Sffir, at rlalar$dD Itu q r*M Di*i4 Kqal,lq

,l/s. AI@tr, lrin r.rrurr, tult 2017
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FIGURE.3A. MERRA REANALYS$ DATA FOR MALANPUZHA DAN KERALA

qANUARY 2OO4 - MAY 2015)

B.O, CONCLUSION

Based on the analysis of two year data collected at Malampuzha Dam,

the Mean Annual Wind Power Density (MAWPD) at 80m level for the period

from June 2013 to May 2014 is found to be 163.49W/mzand June 2014 to

May 2015 is found to be 154.09 Wm2.

The monthly average wind speed at 80m level for the period from June

2013 to May 2OL4 is found to be 5.62 m/s and June 2014 to May 2015 is

found to be 5.40 m/s, The predominant wind direction is found to be West

for both years.

It has been observed from the analysis and the computation of WPD at

80m level, that the site is not having promising wind power potential for the

development of large-scale wind power projects at the area of interest.

II I
I

II]T

fruMue,llffi/rtlffi
frrt Rq.'t dr a4rrr.r rffiry ffin d rW hrr+ W lrwd, M lv
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STATE

DISTRICT

TALUK

V'LUGE

UTITUDE

LONGITUDE

ELEVATION

,NSTRUA,IENTS USED

PERIOD OF DATA

cot*iltsstouED oN

trl,/.ST HEIGHT

IIEASURED WIND SPEED
AT EOm south AGL
(JUNE 2Ol3 to trAY 2O11)

TIEASURED WIND SPEED

AT 7Em sdtth AGL
(JUNE 2Ol3 to ttAY 20u)

,AEASURED WIND SPEED
AT shn AGL
(JUNE 2013 to *lAY 2011)

IAEASURED WIND POWER
DENSITY AT EOm south AGL
(JUNE 2O13 to ltAY 2O11)

TAEASIIRED WIND PIOWER
DEN9TY AT 1hn AGL
(JUNE 2013 to IMY 2011)

ITEASURED W'ND 9EED
AT E&tt sottth AGL
(JUNE 2011 to lrlAY 2Ol5)

IIAALAIAPUZHA DAIA

: KERAIA

: PATAXKN)

: PAL/,KI(/D

: IMIA|^PUZHA

: lO' 4E' 57.7'N

: O76' 1O' 10.3" E

: llTlt AIISL

: NO*\AD-2

: JUNE 2013 to tlAY 2015

: 15.05.2013

: EOm

: 5.62 mls

5.6E mls

4.ES mls

163.19 Wlffl

166.63 Wlnf

,d).68 Wlnl

5.10 mls

13

TIEASURED WIND POWER
DEN9TY Af 78m south AGL
(JUNE 2Ol3 to ltAY 2011)



NATIONAL II{STITUTE WIND ENERGY
C}IEilNAI

+i xffrE

5.35 mls

1.55 mls

151.91 Wt,i

150.10 Wlnf

98.51 Wlrrl

58-89SOI TOPO TIAP NUTABER

TIEASI'RED WIND SPEED
Af 7Em so.tth AGL
(JUNE 2Ol1 to rlAY 2OrS)

IAEASURED WIND SPEED
AT 5&n AGL
(JUNE 2Ol1 to IAAY 2Ol5)

IAEASURED WIND POWER
DENSIrY AT E&n suthAGL
(JUNE 2Ot1 to t AY 20rS)

IEASURED WIND POWER
DENSrfY AT 7Em south AGL
(JUNE 2011 to IMY 2015)

,EASURED W'ND POWER
DENSTrY AT som AGL
(JUNE 2Ol1 to |AAY 2015)

l4
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(ruNEzOr4 TO itAY2O15)
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Svend Ole Hansen ApS ^4.v WIND
ENGINEERING
FLUID
DYNAI/ICS

CERTIFICATE FOR CALIBRATION OF CUP ANEMOMETER

Aleooroeter rccelved: Deccmbc 16, 2010 Aremometer calibrated: Fctruary 13, 201I

Cdlbrated by: asj Cslibrrtion procedu€:lEc 6l4OO.l2J, MEASNEI

Certificetc preprrcd by: jsa Approvcd by: Calitratio enginetr, soh

catibrattotr equadotr obtrlrcd: v [m/sl :0 .i643o . f m2l+ o.322:s 
q*J (/" '\L- o--

Strndrrd ucert itrty, Copc: 0.00136 St drrd unc€rt.ioty, ofbet 0.04443

Covrrieocq-0.(XXX)I39Qr,lsf/llz Cocllicientofcorrelatlon:p=0.99990

Absolute md[um devldior: 0.030 nr/s at l2.2i2tnls

Baromctric pre$[r€: 1018.9 hPa Relative huDidltf I 6. l%

Successim Velocity
pressrEe, q

[Pa]

Frequency,

f
8"1

Deviation,

d.

[-/s]

frncsrtainty

u" 0c-2)

ldsl

Tcop€rature iD Wind

wind tunel c@trol roG velocity, tr

fcl fcl [n/s]
2

4

6

8

l0
t2

l3lasl
lt
9

7

5

3

l-fird

9.85

15.32

21.98

29.82

19.U7

49.37

60.81

73.3t

87.45

lo2.l4
r 18.81

136.38

154.83

30.1

30.0

29.8

29.1

29.6

29.5

29.5

29.6

29.7

29.8

29.9

30.0

30.2

4.10E

s.l2l
6.t34
7 _tM
8.175

9.188

10.t97

11.t97

12.232

t3.221

t4.262

15.282

16.289

4.9912

6.2828

1-6t'ts
8.9218
'to.2412

I1.5818

t2.9023

14.21r5

15.5428

r6.8963

18.2410

19.s869

20.9180

j4
(III

IIIII

0.

t0.

4.1
6t2

Frcquercy, f. [lz]
24 0 6 t2 18

Frequeucy, f. [}lz]

0 l8

& nnnnx
CAL Rlgtr.452

AcsEdibrim ro ISO I 7021

Page I of2

24

scr J@BGENS AL|-E 7 . DK-i6is KoBENHAVN v . DENMARK

TEL: (+45) 33 2s 38 sB . FA( F45) 33 2s 38 3e . WWW.SoHANSEN.DK

Certilicrte number; I 1.02.1059 Drte of issue: Februay 14, 201 I

Typer NRG lt40 Seridnumber:179500166150

M drcturcr: NRG $6tems, I l0 Collrm€fce Stre€f, Hitresbug, Vermont 05461, USA

Clientr NRG Sys€ru, Inc., I l0 Riggs Roa( Hinesburg, VT 05tl6l, USA

23.9

24.O

24.1

24.2

24.2

24.2

24.2

24.3

24.2

24.2

24.1

24.0

23.9

4.t29
-0-004

-0_01 I
0.002

0.025

0.013

0.013

0.013

0.030

{.015
4.002
-0.01 I

4.O22

0.028

0.033

0.038

0.M3

0.049

0.055

t.061

0.067

0_073

0.079

0.085

0.091

0.097

x



EQUIPMENT USED

Serial number Description

tl
t2

9904031

x4650038

x4150M2

Plt
001551

1256

Bqmdar, la)rcr wind hDnel.

Contol q.p anem@eter.

Mountitrg tube, D = 25 mm

PT I 00 temp€raire sensor, rvind tunnel.

PTl00 temp€ratuc s€nsc,r, contol roottl.

PPC500 Fumess pres$re maoometer

HMWT I U Humidity hansmitter

PIB I 0OAVaisala analogue barorneter.

Pitot tube

Computer Board 16 tit A/D data acquisition board.

PC .tedicated to data acquisitioil.

Traceable calibrations of the equipmat de carried out by external &ccredited institulios: Fumess (PPC500)

and Saab Metech. A real{ime mal}6is module within 6e dara acquisitioo sofi\xarc detects pdse Aequency.

photo ofa cup anemometer in lhe whd tumel. The shov.,n anernonr€ter is ofthe same R?e as the calibrated one.

UNCERTAINTIES

The documented uDcertaitrty is the total cornbhed rmcertainty a1 95olo confidence level (k=2) in accordance

with EA-4/02. The utrcerlsi|lty at l0 D-'s comply with &e requirernents in the MEASNET procedue that

prescribes an absolute uncertainty less than 0.1 nr/s at a mean wind yelocily of l0 m/s, thar is l%. see

DocumeDt 97.00.004 'MEASNET - Test rePod oo lbe calibradq c€mFign" for further details

Certificete oumberr I 1.02.1059

This clftifiqt€ mus ool bc rcFoduc.4 .xc91 i! ftrll. xdlhoul lhe alDrotd ofs. O. tlanseD ApS Prg€ 2 of2
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Svend Ole Hansen ApS ^4.v WND
ENGINEEBING
FLUID
DYNAMICS

SCI JaRGENS ALLE 7 . oK-1615 KQ,BENHA\AI V- DENMARK

TEL: (+4s) 33 2s 38 38 . FAX (+45) 3s 25 38 39 . WWW.SoIIANSEN.DK

CERTIFICATE FOR CALIBRATION OF CUP ANEMOMETER

Certificrte orubcr: 11.02.0930 Date ofiisoc: February 10,20lt
Tytrre: NRG *t40 SeriC rumber: 17950o1f6147

Mordrcturcr: NRG Syst€ms, 110 Cmm€rce Steeg Hnesbrr& Vemont 05,161, USA

Cliert: NRG Syste'ns, Inc., I l0 Riggs Rood, Ilineshrg VT 05,161, IISA

Atremometcr received: Dccembcr 16, 2010 AneEor€tcr calibrsted: Fetnua-y 9, 201 I

Crlibrrted by: Drr Cdibretior procedurc: IEC 6l4OGl2-1, MEASNET

CertlEcete preparcd by: jsa Approvcd by: Calibratio eirginea, soh

crttbrrtior equrtior obtrired: y [m/sl: o, 76417 . f ttx,'J+ o.3os1, 
q'*J C[t 'y--t-

St{dard urcert inty, slopc:0.ml2l St drrd uncertri y, ofilct: 0.0.4168

Corrriucq -0.0000110 (rn/sFfttz Coemdent of correl l@1 p=0.999992

Abmlute Errirnum devletlon: 0.026 m/s at 9.141 rds

Brromctric presure: 1 021.0 hPa Rcladvc bumidity: 20.F/o

Successiou Velocity
pless,urq q.

tPaI

Temptralrtre in WiDd

wild honel coEol roon velocit_v, v.

fcl fcl [n/r]

Deviatio, Utrcrrtaidry

d. q 0e2)
ldsl tro/s]

FrequeDcy,

i
tHzl

2

4
6

8

l0
l2

l3-last

ll
9

7

5

3

l-first

9.77

t5.14

2t.59
29.53

38.38

48.83

60.53

72;t'.r

86.35

101.50

I17.78

135.1I

rs3.78

30.8

30.6

30.5

30.4

30.3

30.3

30.2

30.3

30.4

30.s

30.6

30.7

30.9

23_8

23.8

23.8

23.9

23.9

23.9

23.9

23.9

23.9

23.8

23.8

23.8

23.8

4.@3

5.094

6.082

7.|2
8.t06

9.141

to.t77
I l. l6l
t2.159
r3.185

14.206

t5.2t9
16.242

4.9829

6.2852

1-5607

8.90t8

10.1962

I 1.5285

12.8960

l4.t't33
15.5221

t6.8789

18.1922

19.5389

20.8559

{.021
-0.014

-0.001

0.004

0.009

o_026

0.0t7

o.024

-0.00?

-0.019

-0.00I

-0.017

-0.001

o.028

o.o32

0.037

0.043

0.048

0.054

0.060

0.066

o_M2

0.078

0.084

0.090

0.096

0-
6i
'4d
50.'5
't
d

4.
6 t2 18

Frcqucncy, f. [iz]
0

& pnruer

--r/

IIT
0 6 t2 18

Ft€qu€ncy, f. [Hz]

CAL ResDr.4S2

AccrEdirarim ro ISO I ?025

Pagc I of2
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EQUIPMENT USED

Serial number Descriptir:n

t256

BqmdEry lalrr wind hmnel.

Conhol cup m€inqneter.

Mouting tubq D = 25 mnl

PT100 temperai[e st sor, wind tunnel.

PTl00 tsmperahlre st,lso, control roon.

PPC500 Fumcss Fessure manometer

HMWTIU Hwridity ransmitlcr

PTB I ooAvai sala analogue barometer.

Pitot tube

Cqnpur€r B@rd. 16 bit A,/D data acquisition bsrd.

rc dedicated 1o data acquisition.

Traceable calibrations of the equipmert are carried out by extemal accredited institutios: Fwtress (PPC5oO)

and Saab Metech. A real-time analysis module within fie dala acquisition soltiYare detecrs pulse frequency.

Photo ofa cup anernorneter in lhe wind hmnel. The shorm anemometq is ofthe sarne t)?e as $e calibrated me.

UNCERTAINTIES

The documented mcertahty is the tolal combined wceltainry ar 95olo coDlide.lce lwel (k--2) in accordance

with EA'4102. The rmcenainty at l0 trr/s comply with the requiremens in the MEASNET Fmedule that

prescribes ao atsolute ucertainty less than 0.1 tn/s at a oeaD wind velocity of l0 m/s, tbat js l%. See

DocurDent 97.00.004 "MEASNET - Test report on the calibrati$ cmlpaigD" for fifib€r details.

Certificate number: I I.02.0930

tl
r2

9904031

x4650038

x4350042

Pll
00r 551

This c€rdficate muet ool b. r.po&c.d, €rct?r itr full, x/irhour thE 0pprolil ofs. O. Him.D APS l.gc I of2
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Svend Ole Hansen ApS ^+l\.v WND
ENGINEERING
FLUID
DYNAMICS

scr. JoRGENS ALLE 7 . DK-i61s KoBENHAVN v . DENMARK

TEL: (+45) 33 25 38 38 . FAX: (+45) 33 25 38 39 -WWW.SoHANSEN.DK

CERTIFICATE FOR CALIBRATION OF CUP ANEMOMETER

Certifrcatc number: I I .02.(D3 I Date of i$ue: Fehru.ary I 0, 20 I I

Type: NRG ll4o Scrid number: 179500166146

l&nrdrct[rcr: NRG S)6tems, 110 Commqc€ Stre€t, Ilinesh[9, Vermoat 05461, LISA

Clie ; NRG S)stems, Inc., I l0 Riggs Road, Hheshrg, VT 05461, USA

AEeEometcr reccivcd: Deceuber 16, 2010 AieDoretcr crlibraa.d: Febtu.(y 9, 201I

Crfibrrted by: ii Cdibrrtior procedue: IEC 5l,100-12-1, MEASNET

CertiEute prepared by: js8 Approvcd by: Calibratim .ngine€r, soh

crlibrstion equ.ffon obtrine d: v [rn/s] = o .7i5440 t Wl + o.33t78 6l^--'-t C& &' u-

StrDdrrd urcerlrinty, slope: 0.m169 Slrtrdrd uc€rt.iD9, ofrret: 0.05359

Covsriance: 4.0000215 (m/syn:b. Coemd€nt ofcorrdador; p= 0.999984

Ablolutc mrrimum devirticn: -0.039 u/s al 4.1 l7 m/s

Relrtive hmidity: I 9.8%

Successiq velocity
pressure, q

[Pa]

Tempqature itr Wind

wind tuDnel clntol roml \relEity, v.

fcl fcl tn/sl

DeviatioD, Lrnc€rtaiDty

d. + (k--2)

tu/sl td"I

Frequ€ncy,

f.

tHzl
2

4

6

8

l0
't2

l3-last

1l
9

1

5

3

I -first

9.89

t5.12

21.73

29.@

38.44

48.93

60.49
'12.65

86.37

l0l .16

r 17.15
't34.71

152.E0

30.E

30.',

30.6

30.5

30.4

30.3

30.3

30.4

30.5

30.5

30.7

30.8

31.0

24.0

24.0

24.0

24.0

24.0

24.0

24.O

24.O

24.0

24.O

24.O

24.O

24.1

4.1t7
5.091

6.100

7.tt9
8.112

9.15t

10.174

lt_l5t
t2.160

13.162

14.167

l5. t 96

16.190

5.0038

6.2399

7.5520

E.EEI6

l0.l45t
I1.5146

12.8325

14.t226

t5.4529

16.8010

18.0972

19.4707

20.78D

-0.039

-0.011

{.004
4.002
0.025

0.017

0.033

0.o24

0.016

{.012
0.002

-0.020

{.028

0.028

o.032

0.037

o.043

0.M8

0.054

0.060

0.066

0.o72

0.078

0.083

0.090

0.095

<-
IIIII IIIII

0.

e

50.'t

{.
024 6 l2 18

FrequeDcy, f [Hz]

& onnnx
CAL Rcg.e.4J2

Accf.dimim to Iso I m25

xx

0 6t2
Frcquency, f, EIZI

l8

P0EE 1 sf2

24

BrroEctric pressure: 1021.3 hPa



EQU]PMENT USED

Serial nunrber Descripliqr

1256

Bqrnddy laye! wind h.rBnel.

Cqlt ol cup eemorneter.

MoNmting tube, D = 25 mm

ffl00 tcmp€rahre s€nsor, s,ind hmnel.

PTl00 temp€rattrIe s6sor, cqraol roortr.

PPC5OO Frrness pressure nurromeler

HMWTI U Huraidity tsatrsmitl€r

PTBI ooAvaisala aDalogue barometer.

Pitot tube

Cmpur€r B@rd. I 6 bit ArD data acquisition berd.

PC dedicated to data acquisition-

Traceable calibratioos of the equipm€at are carried cx.lt by extemal ac{redited in$itutims: FurD€ss (PPC500)

urd Saab Maech. A real+ime analysis module withitr ihe dara acquisiti@ sofrware dctects pulse frequency.

Photo ofa cup ananomet€r in $e u,ind hmrel. The shown anemometer is ofthe same type as the calibrated mc.

UNCERTAINTIES

The documcatcd uoc€rtainty is the total combincd uoc€nainty al 957o confidetrce level (k=2) in accddance

with EA-4/02. The Ec€rtaiDty at 10 trVs comply wilb lhe requiremetrts in tbe MEASNET procedure that

prescribes an absolute uncertahty les than 0-l [Vs at a meaD wind velocity of l0 m/s, lhat is l%. See

Documot 9?,00.0M 'MEASNET - Test repofl on the calibratim campaigtr" for lulhet detaiL$

Certificate number: I 1.02.0931

rl
t2

9904031

x4650038

x4350042

Pl1

00l55l

This ccni6c.t. mus nol b€ reprodrc€4 .xc!9l in tull. 'riftour thc sPFotal ofs. O. H.m€n ApS PrEcz of2

ri il
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Svend Ole Hansen ApS ^4.v WND
ENGINEERING
FLUID
DYNAMICS

SCT. JORGENS ALLE 7 , DK,1615 KOBENHAVN V . DENMAHK

TEL: (+45) 332s3838 FAX: (+45)3325s833 WWW.SOHANSEN-DK

CERTIFICATE FOR CALIBRATION OF CUP ANEMOMETER

Certilicrte numbcr: ll.O2.@34 Dete ofirsue: February 10, 201I

Type; NRG iI40 Seriel number: l795fiOl66t43

M.trofacturer: NRG Slat€ms, 110 C@Im€rce Sreet, Hinesbug, V€rmont 05461, USA

Client: NRG Systems, Inc., I l0 Riggs Road, HiDesburg, VT 05461, USA

Anemometer reccived: DecqDber 16, 2010 Atremon€ter calibrrted: Febnra-y 10, 201 1

Calibrated by: jj Cdlbratiotr procedue: IEC 61400-12-1, MEASNET

Certifcate pEprrcd by: jsa Approved by: Calibratim orgineo, soh

Callbration equdon obtrioed: vlr sl:o .7628E.f Wl + 0.31t&o7 tl'-t^'l C{t'y---''
St tdard ucerteinty, slope: 0.00088 Stardrd mccrt.inty, ofiset: 0.02941

Covrri.Dccr -0.0000059 (nlsflEz Coemcieut of corre{atiou I p=O-999996

AbEolutc mr{m[D devhfion: 0.030 m/s at I 1.152 rD/s

Barometric presure; l02l .0 hPa Relatil'E humidity: I 9.7%

Succession Velocity

Pres$re, q

tPal

Temp€rat[e in Wind
wir,d turnel colaol rau velocity, v.

t"cl

Dsviatioa fhcgtainty
d. u" (le2)

IE/EI t-/s]fcl [-/s]

Frequency,

f.

M
2

4
6

8

l0
t2

l3-last

lt
9

7

5

3

l-fl3t

9.72

15.17

2t.76
29.45

38.61

48.71

@.44
'12.59

86.38

tot.62
t 17.60

135.63

153.76

3l.l
30.9

30.8

30.7

30.6

30.s

30.5

30.5

30.6

10.7

30.9

31.0

31.2

u.4
24.4

24.'
24.3

24.2

24.2

24.2

24.2

24.2

24.3

24.3

24.4

24.4

1.084

5.100

6.t07

7.105

8.133

9.140

l0.l7s
I1.152

12.167

13.199

14.201

15,254

16.249

4.94,9
6.2878

7.5835

8.8989

1o.24/o

I1.5694

12.9224

l4. t63l
15.5305

t 6.8994

t8.2062
19 -5673

20.9049

4.002
-0.013

0.005

0.000

0.002

{.003
0.000

0.030

0.002

-0.010

-0.005

0.010

-0.0t6

0.028

0.032

0.037

0.043

0.048

0.054

0.060

0.066

o.o72

0_078

0.084

0.090

0.096

-/-

IIIII ITII

0.

,a
ri
50.

-0.

00 6 t2 18

FrEquency, f- [Hz]

CAL R.g.u. 452

Accredit tidl lo ISO I ?02J

Pasc I of2

246 t2 l8
FtEquency, f. [I4

24

& onrunx



EQUIPMENT USED

Serial number Descriptiut

rl
a
9904031

x4650038

x4350M2

Pn
001551

1256

Bourdry la]€r wind tulnel.

Control cup angr$melsr.

Mounting tube, D = 25 mm

PTl00 terp€ratur€ ssrsor, wind trmnel.

PTl00 ternp€rature sqrsor, coltrol room.

PPC500 Furn€ss pIessr[e manometer

HMwTl U Humidity transrnidet

PTBIfi)AVaisala analogue barometcr

Pftot tube

Cornputer Board. 16 bit A/D dalrl acquisition bmrd

PC dedica&d to data ac4uisition.

Traceable calibrations of the equipment are carricd qrr by extemal a.qedited institutims: Fumess (PPC500)

and Saab Mel€ch. A real-time analysis module withh $e &ta &cquisitio soflware det€Gts Pulse &€qusDcy.

Photo ofa cup an€rnometer in the wind tunnel. The shown anernometfr is ofthe same qDe as $e calibrated me

UNCERTAINTIES

The documeDted lnlcstainry is the total combined rmcrrtainty al 95yo confidence level (F2) iD accordaoce

witb EA.rV02. The utrcerrainty sl l0 D/s comply with lhe requiremmts in th€ MEASNET procedure that

prcscribes an absolutc uDcerlaiDty less than 0.1 u/s at a meatt wild velocity of l0 m/s, tbat is l%. See

DocumeNlt 9?.00.004 "MEASNET - Tesr rcport on lhe calib,ratim ca.mpoign" for fi.rthq details.

Certilicete number: I 1.02.0934

Thi! c.rtifcste nrusi nol b. rcpmarccd. crcrd in full. xilhurt $e apFor?l ofs. O. Hlns.n ApS PEge 2 of2

ri
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