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EXECUTIVE SUMMARY
Agerrcy for Non-Conuentional Energg and Rural Technologg (ANERQ,

Triuandrum ui.de theb letter No. 4431/WRA/ANERT/2OO9 dated

22.11.2011 had approoched Nationol htstitute of Wind Energy (NIWB),

Chennai for taking up Wind Monitorhg studg at Pulikkanam Tea Estote,

Kottagam district, Kerala- This report gives the results of the detailed

analysis canried. out about the wind characteristr'cs at Pu[kka nam Tea

Estate, KottaA am district" Kerala.

The location Pulikkanam Tea Estate, KottaAam was selected for the

study in may 2O12 based on the Indian Wind. atlas. The Wind. Monitoing

station at the proposed. locotion uos commissioncd on O7.12.2O14 with a

8Om tall-guged tubuLar mast with instrumentations at 8Om south, 78m

south, SOm and 2Om leuels. Wind speed sensors (Anemometer) uere ftxcd
at all the four leuel.s mentioned o.boue and the wind direction sensors

(wind uane) were lixed at 78m & 48m Leuels. Two gear data colLectian uns
ampleted in the month of December 2014 and. the data recovery ratc is

95.88%.

Bo.sed on the analgsis of Tun year data colLected at Pulikko:nam Tea

Estate, the Mean Anruul Wind Pou*r Density (MAWPD) at 8Om Leuel for
the period. from January 2O13 to December 2013 is foutrd to be 22O.94

W/mz & Jonuary 2014 to Decenber 2014 i.s inadequate d.ata. The

predominant wind direction is found to be W for 2O13.

** **** ********* * ********** * * * * * ****
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REPORT ON WIND MONITORING STUDY AT PULIKKANAM

TEA ESTATE, KOTTAYAM 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 Pulikkanam Tea

Estate, Kottayam district, Kerala, Based on their request, NIWE submitted

a project proposal on 05.12.2011 for the aforesaid study with 80m tall

tubular met mast.

A Wind Monitoring Station was commissioned on 07.t2.2lt2 and

data collection was carried out till December 2OL4. This report gives the

results of the feasibility study carried out for Two year.

2.0. OBJECTIVE

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

Tea Estate, Kerala

> 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 Koottikkal village, Kottayam District-Kerala and is

approximately 2.07kms North town from Kolahalamedu. The orography of

the site is Highly Complex terrain, on the western edge of Western ghats

overlooking the plain and the soil type is known to be Laterite.

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

given in the Table 1

,lind Rear re A#rrsrt Un it
FiDal Repoft on mN ,rorribriDg Sbtbn at hrfitu,pt t l@ EsbE" lbtbla,n, Ker?h fo, lr/s A ERI, tGrala

tsly ZrrT
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FIGURE 1: DISTRICT MAP OF KOTTAYAM
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twmrT
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Latitude 09039', 11.5" N

Longitude 760 55', 3.0" E

Elevation 1114 m AMSL SOI Topomap No.58-C14

State Kerala

District Kottayam

Taluk Kanjirappally

Nearest town Elappara

Ettu mauur

Nearest Airport Kochi

Orography
Highly Complex terrain, on the western edge of

Western ghats overlooking the plain

Soil

Earthquake Zone III

Open scrub

Physiographic Division Semi Complex Terrain

Nearest C-WET mast

location

KOLAHALAMEDU-2. 07kms aerially towards

North

Latitude-09040' L4.7 O" Longitude-76055'12. 5"

Nearest wind farm in

operation
Nil

1t

TABLE 1: GLOBAL POSITION AND OTHER USEFUL INFORMATION OF

PULIKKANAM TEA ESTATE WIND MONITORING STATION

Village Koottikkal

Nearest Railway station

Laterite soil

Land Use
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4.0. DESCRIPTION OF THE MASTS &INSTRUMENTATION

A 80m tall guyed tubular wind mast was commissioned on

O7.L2.20L2. A picture of the mast mounting arrangements and a

panoramic view taken from the site is presented below (Fig 3).

Anemometer (Wind speed sensors) were fixed at 80m south, 78m

south, 50m and 20m and the Wind vane (wind direction sensors) were

fixed at 78m and 48 m levels. The outputs from the sensors were

connected to a sophisticated automatic data logger system that was kept

about 1.5 m above ground level in locked weather proof housing' The

lUfu Ra.n@lfirp,tt affi
E t, Rq.t qrr,lffi ddtg Sdoa d P,rMut Ta &E, t(@.t + fa,b lt rr/e UIAD far.b
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TABI F 2. DFTAII q O'F WIND SENSORS USED IN THE <ITF

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 l0 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

wrrd Bsrrre A'gsE,rrgrt 1tnit
Enal Rqort on wird rtonibrilu Swbn ath iturEm Tq M,,(olbyam. Kenla ftt /eA ER/, Kenla

Jary m77

Sensors Height
Sensor serial

Number
Slope offset

Anemometer

0.75947

0.76078

0.76073

o.75987

0.29658

0.27547

o.27465

o.37450

78m

48m

601

602

10m 001

Pressure Sensor 8m L8L74

data logger used was imported from M/s. Second Wind Inc., USA. The

sensors used were imported 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.

80m south

78m south

50m

20m

179500156128

179500166130

179500155131

179500165132

Wind Vane

Tem perature

sensor

5
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6.0. DETAILS OF DATA ANALYSED

The Wind Monitoring Station was commissioned at Pulikkanam Tea

Estate, Kottayam as per the project terms & conditions and Two-year

data collection was completed in the month of December 2014. As the

data collection at the location was for Two year, the customer had been

informed to NIWE in December 2014 that the data collection would be

completed and terminates in the month of January 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 Annexure-1. The

consolidated annual wind data and wind data summary tables for the

wind characteristics at Pulikkanan Tea Estate are given in Table 4 and

Table 5 respectively of Annexure-l.

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 five heights viz., 80m

south, 78m south, 50m and 20m are given in Table 6,6A, 68, 6C and 6D

of Annexure-l. The graphical representations for the same are given in

Figure 4, 4A,48,4C and 4D ofAnnexure-1.

Ut rd Rlg,tta /l,E,,grC lt lt
frtl Rrytt ot tnrn rrq{ffiU ffia n Arw,,,rr, 7a tuE,, l(otbfil fqzb fq X/s /UlEnT, Xrr,b

t rlf 8r,
6
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validated to remove outlier 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 project proposal.

Monthly and Daily Mean Wind Speed values for the four heights

(20m,

50m,78m south and 80m south) are shown in Figure 8 ofAnnexure-1.
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7.0. RESULTS

The data recovery rate is 95,88o/o for the period of measurement. The

comparative details of various parameters are as follows:

Year

Mean Annual Wind Power Density(Wm2)

At height

20m

(AGL)

At height

50m

(AGL)

At height

78m south

(AGL)

At height

80m south

(AGL)

2012-20t3 139.51 195.54 2t7.O2 220.94

tlirrd R@utu A'gs6,nqrt lrnit
Final Rqtt on Wind ,tdtibri,rg Sbtion at hrlit&anam T@ @ Xoabyan+ Xenla fq rr/e A ERT, Kerab

July 2OD

'1

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)

20t2-20L3 4.73

Year
Mean Annual

Temperature
0c

Air density
Kg/m3

Power law

20t2-2013 1.050 o.t2

5.37 5.59 5.57

20.o2
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7,1. WIND FREQUENCY DISTRIBUTION

A common method for displaying a year wind data is by wind

frequenry distribution, which shows the percentage of time that each

wind speed occurs. Table 7,7A,78,7C and 7D of Annexure-l show the

month wise percentage frequency distribution for the five measurement

heights viz.,2Om,50m, 78m south and 80m south.

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 show the joint frequency distribution for 50m, 80m

south and 78m south 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 show the monthly wind

roses at 80m south, 78m south and 50m heights. From the wind roses, it is

revealed that the wind is flowing predominantly from West (W) directions.

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-lshows the daily

wind shear and monthly wind shear profiles. The vertical wind shear

profile based on the measured data isgiven in Figure 11 of Annexure-l.

7.4. TURBULENCE INTENSITY (TI):

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

Typically, tOo/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 January 2013 to

December 2013 (at 80m AGL) at 15m/s is 0.19 (19olo) and January 2014

to December 2014 is inadequate data.

wfud RsureMrrartUrrlt
Flnal Rryrton,uit., Hoofbi,rg SAtun at tu btern Ta ffi, Ktuydrr, Kqab lq rr/e A R7,l(*ala

tw 2ot7
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7.5. LONG TERM DATA FOR THE STUDY AREA

MERRA (The Modem Era Retrospective-Analysis for Research and

Applications) data have been made available for the site as Table - 4 and

Figure - 3. 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 January 2004 to December 2OL4 at 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: 28013' 36.8"

Longitude Range: 8Oo1O' 20.9"
*AMSL - Above Mean Sea Level

3.1 3.1 2.9 1.8 4.9 6.7 6.0 6.5 3.7 3.5 3.8 4.O 4.2

2.9 3.O 2.3 1.9 3.2 6.2 6.6 5.7 5.5 2.8 3.2 3.1 3.9

3.6 3.4 1.8 2.t 4.4 5.5 6.9 5.8 4.5 3.2 2.8 4.2 4.O

4.t 3.0 2.4 t.7 4.1 5.7 6.1 5.3 5.1 3.2 2.6 4.1 4.O

3.3 2.7 3.0 2.2 4.4 5.9 5.9 4.8 4.9 2.8 2.8 3.6 3.9

3.s 3.1 2.3 2.9 4.t 6.3 7.O 5.1 5.1 3.2 3.1 3.5 4.L

3.3 2.6 2.7 2.t 3.9 6.0 6.2 5.9 3.9 3.8 2.4 3.1 3.8

3.6 2.7 2.5 2.t 4.7 6.2 6.2 s.9 s.1 2.7 3.2 3.6 4.O

3.3 3.4 2.6 2.3 4.3 6.0 5.0 5.5 4.9 3.2 2.7 4.1 4.0

3.s 3.3 2.8 2.2 4.O 6.8 7.0 s.2 s.0 3.4 2.7 3.4 4.L

3.4 2.6 2.8 2.2 3.2 6.1 6.8 5.5 4.3 2.5 3.3 3.5 3.8

TABLE 3: MERRA REANALYSIS DATA FOR PULIKI<ANAM TEA ESTATE KERALA
(IANUARY 2004 - DECEMBER 2014)

Wind R&uteAwrprtltnit
Final Rqrt on )Ulnd lt onibring tutun at h ilht ari l@ E bb, Korbyan, Keala for E/s. A ERT, Kenb

tdy mr7
9

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Avg

2005

2007

2010

2011

2012

2013

20L4

4.OAVG

2004

2006

2008

2009
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8

7

6

5

4

3

2

1

0

+Seriesl

2004 2005 2006 2@7 2(x)8 2009 2010 2011 2012 2013 2014

FIGURE.3A. MERRA REANALYSIS DATA FOR PUUKI<ANAM TEA ESTATE, KERAIA

(JANUARY 2004 - DECEMBER 2014))

8,0. CONCLUSION

Based on the analysis of Two year data collected at Pulikkanam Tea

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

the period from January 2013 to December 2013 is found to be 220.94

Wm2 and January 2014 to December 2OL4 is inadequate data.

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

January 2013 to December 2013 is found to be 5.57 m/s and January

2014 to December 2014 is inadequate data. The predominant wind

direction is found to be W for 2013.

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

at 80m level, that the site is having promising wind power potential for

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

interest,

,lrod R''!{rra /l'g'',rp/tc urrlt
Fht l Rc,o.tot Ulrrd rbt rb*rj ffi,, at ffiu,la ffi, Xey.rn, Xqd.lv rr/s A ERi fq?b

,tly m7,
10
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PULIKKANAM TEA

ESTATE

2013 r 2015
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STATE

DISTRICT

VILIAGE :

L(NGITUDE :

ELEVATION :

INSTRUIIENTS 
'ISED 

:

PERIODOFDATA :

cot tilsstoNED oN .'

,IEASURED WIND SPEED :
AT SOrn sruth AGL
(Jonuary 2013 to D*ember 2O13)

IAEASURED WIND SPEED
AT 78m south AGL
(January 2O1 3 to December 2Ol3)

IIEASURED WIND SPEED
AT som AGL
(Jonuory 2013 to December 2013)

fiIEASURED WIND POWER
DENSITY AT 8Om santh AGL
(January 2O13 to Decembr 2013)

TIEASURED WIND POWER
DENyTY AT 7Em sfuth AGL
(Jonwry 2013 to December 2O13)

IAEASURED WIND PIOWER
DENSITY AT som AGL
(January 2O13 to December 2013)

PULIKKANAII TEA ESTATE

: KERAIA

: KOTTAYAIT

5.37 mls

220.91 wlif

217.02 Wtnf

,95.51 Wlnl

KAT{J'RAPPAUY

KOOTT'KKAL

N39',11.5'N

76'55'. 3.t E

11'1tt AilSL

NOttAD-2

JAtlltARY 2013 to DECEIilBER 2Ol1

o7fi2t2012

Etm

5.57 mls

5.59 mls

l3
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58-Ct1SOI TOPO TAAP NUTTBER

IIEASURED WIND SPEED
AT 60m south AGL
(January 2011 to December 2011)

TAEASURED WIND SPEED
AT 78m sor,tth AGL
(Jonuory 2011 to Decembet 2014)

TAEASURED WIND SPEED
AT 50m AGL
(January 2011 to December 2011)

IAEASURED WIND POWER
DENSITY AT 80rn suth AGL
(Januory 2011 to December 2O14)

IAEASURED WND PIOWER
DEN9TY AT 7Em south AGL
(January 2Ol1 to December 2011)

14

IIEAWRED WIND POWER
DENSITY AT 50n AGL
(Jonuory 2O11 to Decembr 2011)



Ist Year

Jan zOf B r IDee zOf B

15



!
I
d

a
E

!
rt

2C
i.c
E=
xEi
sEi
8fiis
!t

=EE
E
E
co
t
8.
I
t

o
o!
E(,
C'o
o

o
.
l!t
Eo
l!
l!
cl
C
o
!o
oo

cc;

ci

d

BBBdS^s----f
cj qj cj d - n ; ^t .! .! .! tor,r66XcJn-HHdd\.oorDloo - E

EFg

sXEqi:E::riE66loloi 6 ct
38.!

EtBst:-snrExgSs d .i;.i;

q

nqqc

olq n \

.j;; .i

..i .; ; .i

€5ssEH€5

oiviFct

*SiE
sE9fr

oi ,ri ci .i

;in!c)
dE!E

<t
t!

c

F:6
nN
i 

=*r!
eo

a a 5Soo
5EoP ! =Bo 6 lll ^rtot! !6 Ei EE:i:o au. ;^

$E E;85g H;E
: E EEN 

= =<r:9
or Eo; 3t

I

j

q

q

c

q

q
v

o

=
Ecoo
o
]oA
!
E

=i
Eo

=

E
!(,
a,
o.

tts
=cl!o
E
.}€
co
E

c

J

lzz

(,
gJ
o

Joz

J.
tJo

Alrl

I
=

Jl

z
f

=

EE

G

=

to
lrtt!

2

utlJI
.oldlFI
al
Erl

ilkl
del
EIHI

zl
OI(Jl

I4
ulz
uJ

o
=
=o<
r=
=urFEFIJ
6z

zo

z

\o

,EHFE

q

q

E
:t

:if,i



F-

o

o

o
a
Ga
E

co

io

3

o
ft

Qcoo
,dq

or:l
t{

i*
llo

dq

o
q!

Qs64,N.!
roq

zzB22 B = B = =Z a

222====Z==22

eEBEeREBsB-Ae+=iNddIP;i+.n=t

E EE H 3 E 3 H E E H H E H I E G H E H B H T H6sEBEBEqee3$srtFsjNd:t=S
EEsEsEEssEE,-qarI**S9,'i+m:3

i gE I E E } H T H i H E H E E i E E H E A E HEB E 3 E t 5 E q E i i*It*H*x6:8ixi
EESBeEEBRsEE+=;SddS9r;ijr'iPB

E EEHBHSHi EH HEHE EEHi EiHEESsEBESBEeEstsdtRsji6IS=X

,\OOlr\a<lt\i6l\6uiFro@lrrOFroro;ct6dci;.i;.jocrci

.r O C, itl tt rOq\I,4.:.:orrn.{i-'oro
oooc)crd<.i.jct<io

.\|otorn<t|Dr6N6.,tFForr\a\orD
6cicicici.i.i.i'jcicici

oornl\olto@ 1,rd rr1 Oq'6-690q.'!\qc9oq4!l
66n.rm(ho!toram!trn

oin
--i{r^Fr6(hroot(ttrn; "i J .i 'ri oi oi d ',i ,'i { r,i

Or!tOaOCt.r.!eq49q4qc\n'!a
rri a { .! .n oi ot ro rrl ttl <t I,l

esBgFPsF+PS+6EE.t'gEii'sos!8

oE<coEse
9pE

=r,G.=>6=9Ei3

E
)o
Eoc

e
lo
E

ao

-a\OY
Eap\--

Egtt o=
&rE9o o
!E:iEg
* [-e;

ot

E
E
e
!
a,o
E
l!
!
Cl!

e-co
=

E
!
ll,oB
!c
E
Eao

=.}a
co
=
E
co
=

E0

z
to
E€F

Eo

s
ao
E
aaF
z,
o
Eoo

Eo

F
o
az

T=
E9'ol

=
=f

E
z

=l6

EI
,'lft

t!
g

$ao
E
!.!

-e
ss
ES

III
sE$
tI!t
st

t
!
s
Et
B
E

E

3

ah
o

s!
o

rD
ot
o

or

a\u!

F

zz

(,crt
=ut
o-
3
BI
Y=
PH
EIJ
t2

2o
F
2



@

I

t
n

a!

I

ui69.,inioi6@vinirui

i4..
r di ni ri di I oi <i ui di r si

6@9d
ididi.idioiPduidii,i

<6Pr
rnidi.i<oiP<tddi.o

6-4r -^-Jdi ni .i .i ni oi P F {i di ni !i

'i + ni ..i q oi oi ri q, r ni r

9u?l:n.:.!o!nlvlenq

diaaniroioiri!d+ni{

niaq'i{oi6ddini+

niir;ni<666'dini.

dui{dinicioio,ididi-

ui ui +.,i di oi 6 vi,idi i

ocir.i.ioi.nuiuidi.ui

N6vi;ni66c,idi,i6

F'd,i.idioioio,i<uio

i^q-
Fovi-iii.i9'd,iniuid

6iC6
N{rvi;nici9F6iui'd

6o96

^{i{i;nioi9hvir6'd
6d!d ...J{i ui !d i ni oi P r. vi di .j ct

-h*E
driridioi9risidi+6

6640
viiri.inici9Fridii6

=Eiq==::MEEE

o

o

o

E

o

t
o

o

o

oo

,o
=

!
E

!

6
E

E..
EE

5a.:
x !H
o E->EE:
g6
ds
:E

=s
=
t

s

6

6

=
=
lo-
2

=

(,c
z
oz

=o<vi
Fu
=
zo

z

E

I

oE
z

=l:i+t



Oi

E

a

!!

E

6
E

;=Ed':3:3
oB>EE:
e6
eErE
;E:

;
t

is

E

I

o

.!

c

!i ri . ri di oi oi €,i di + ri

Ne--
rinid.i<9oi6!idiad

6m!e^
i di ni ..i .i ti P lo,i di r ri

66Ah
i ni ni .i .- oi : .rt t. di . !i

a6!N

dini.i.i<oiPri6ni..

di+Fin.6ot^d+di.'

diadinir6olFqtridii

dirj,iaoioiqiri+rir

,iiinir6o|o6snii

;-o9eo.!nqne,!

+rirnidiodoid!inidir

;6e9On!!C.!aaa

n o!9 nl 1q 9'-rea n n

ee.!n!qt.!d!.qu!n

h u, ui ..i .i .i oi 'o,i Fi,i 6

RSR835i8BS+r
rr;ri..iioi9F;diui{i

SNEPtIiEqEEE
Fctui.iiti9F,iavic,

FG,i.i< 6olFvidi,i6

=3r83iBFfiB:S.. ; i r,i ; oi 9 ri vi ni,i'd

-uii-'ioioF,ini,io

^6lr
G.jr.iiioi9^!idi,i6

;{di.adioi6F{iniio

<E=83=i:mEiE

o

o

o

o

E

o

o

o

o

Eo-

o

6
z_

3

,o!
2

=

=z

f,

(,c
2
6
=]
o<Pi
=!9-u

=
zIF
z



o
N

E

a

-q

.E

!6
E

>;

E'
Sa'r3;6
q, E>
a6
cs
9E

E

=
t

.E

ii

.

!!

n

i
a

vi++.i;oioiouidiiui

4.!499u!4sl

6ql9!!4qe

nidi.i.,ie66utd.idi{

6d!6!9e+r:q.!994

nir di 'i<qioF@<..ini

.sd!4ann4ol 4 n'1 q

<.9di+qi6,iui+nir

!!eO.!99O.qrqen9

"i ; € .,i di di ci,i,i di <i ui

Qae!{o!.!.qnadl 4

r. d ui .i ni ci oi o !i di ui d

F<t,i.i.ioio6sidiui{i

Fuiui.idioioiqtui<,iG

6@trH
6,i+.idicj:l<t!i6+@

.!.c Q.!.! n 99.1 4qq

9elntaqaqnq.,tdl

<E=E==1:mEiE

o

o

o

o

o

o

o

o

o

oo

2o
=

o
x
o

=3

lo
E
z

=

F

(,
d,

z
oz
;
ogr2f:!
i(J
6

=
zo
F

z

=z

=-li

fi

E

I

E



N

-gg

6
E

>;

E:!4=
i zE
!,6->
?!-z6
rEc.v;E:

g

=
t

fs

E

I

E

o

.

i

E

a

E

+ni.i;.i--,i{.i'iui

di ni ri ; .i ri ci ui a .i ni i

; nn;; d !d,i !i ridi {

ri di .i ; ni .d d ui vi .i ri r

EqiqqS{EqEiq

di . di .i di F .t o,i ni .i ni

"ir ani6-rio,i nindi

an!U!aoln.:r.:ilo)

di ! . di ni ri .d ui u ni ni ni

ot9!9ncd!.1 q9n

i.inidiFFsiididii

-ui+..i.iNFUi{di.ir

d'd ii ri .,i F .d,i . .i +,i

ct@i.i.iFrt!ir.idui

@o+;.iF.i,irii.!i

to9!tn.!4.:?9d!

9qinqq.qF:491P

!iriai.iidri..ilvi

,.idiirii.i,i-..iivi

9.! { n.! q nI nl 4.!.!

88hB65qqEqea
d!.!9alq1\n!i49

<€=Ei=i:BEiE

o

o

o

o

o

E

o

o

o

8

2o
=

o

o
=3
a
foI
2

E

F

=z

f)

(,
c,
2
o
z
3
o=
E2>!!
F9

=
zo,
2

.'I

1. -r *;

E

o

e

CI



!o
(,
-

.96
El!
l!

oY
CE
)6
PCct!olTJ

Sdtr3xB<:Nq 6->
! o-gd
.,8c, F_
PE
='E-o

=a,
E

;
c
o

oeq,
E
E
.=t!

!i
a,

\
or
Ot
.i
o

ot
t
q,

u-i
a!

cg

E
ot
o!
c'
o
o
tro

.E

qJ

..i

o
q,
Ctrc
c,q

a
Flo
(,
!
Eo
oo
o

Flo
-
o
Et!
l!
oo
E
o
t,(,
lE
@

Eo
FEIutI
co
zlrl

lrl Fr ao N ao N6F ro o! N F or o o r{ Ln fi sl oo sf\f! a oc.1 qa ',!.!\ q q.1 9 r''! nq q 9.!n
O O ln <t Fl (tr Ft (O rr1 (r'N a! i'r C, O OC) C, H -l .l

Fl F{ Fl Fl

o La @ sl rn dt N an N an aY) (o rn N l- (o o! o Fl N \o.i (n (O a\ r-.1 !-{ f\ r-.1 @ r\ an O Ln F. !t cl O O a{ Fr Or
6 ci rri + ci o oi od $ ^i ^i r.i .i d c, ci ci cj -i -i ci

..1 Fl F{ r.l F.l

O @ @ (D (p tl I\. Fl @ ."1 tOF-OFll\lNOOsf(O.1 o)'r't .r'! q 4 q'4 I n \ q al q .! q q q q \,4(o + O\ i.r r\ (O (o Ln t m -r O O O O O O O -{ O O

(o (o t F N u) ul st or o.{ o o o o o o o N o oq o! n q q a.! o) q q q q q q c q q q q c q
.n <t.Yr N t o rYr o o o o o o o o o o o o o o
F{ Fl 6lN Fl

Itl N (O Ol Ln N F (O Ol (n !i @ LA arl N N O O N O! F-\'4 q dt q n a q n q a \ 9.! q q q q q \ c
<l t\ dl rn rn sl Or (O <t (rr N r.l O O O O O O Fr O O

c'l Fl c'l -l

@ ai O Fl r.l O st i-{ <l + or (o (n F qt F N O @ Fr (oq a \ 4 4 q a q q dt q 09 \ e q.! q q a n o)
!'l lY) (l! (O @ (o O F Ln ln N Fl -r O O O O O rr Fr O

.{ cl .'l Fl

N i-{ (rl N f\ N lJ1 a{ r.Cr -l an (a (n O <l Ol O N st O'\ Org n.! "! q a c q dt \ 4 n q q 4 I q q ot 4,r'!
O O O -{ (n € N (O r- {Y, O @ S Fl O O O O I', <i sf

i-{ r-{ Fl .'{ r'l

rn Fr (o (E Ln N Or O! (D rn O O O O O O O O O O Oqa 40qnq.1 q n n q q q q q q q q q qc
O aO F. ln (n rn H O O O O O O O O O O O O O O

Fl l\J l\l r.{

rn (O tO an r-{ (Yr an N l.,) (\l t\ O O O O O O O O N Oq \ q 4 n u'! q n q q q q q q q q q q q q qr. o 1^ o (o o o o o o o o o o o o o o o o or!rtN(\l

(,1 or oro rr'! ao N F Ln ti o ot f\l rnco$N<llo<l@q q n\n ot a n \ q q c \ a 4q q q qq \sf <t @ F. i\l ta 111 <ti-.tr{r{r-.tooooooooo
i-{ i-.t r-{ r-{ Ft

(O O (O r\l (o rO O'! r{ (O dr (O F N N N O O O N sf t\I n q dl q\ q q n q n q c n n q c q.! qq
6 (') (n @ $ O O F. La.Yl N Fl O O O O O O -{ O O

H r-{ !-{ F{

Fl <l N @ aO O (o F. Ol Fl N La (o cr O O O O .tl @ <tq n 4 q \ t,! q a 4 q e'r'! ot.1 q e q q '.! \ o)
la qr <l N Fl N O € rO.{ 61.'{ O O O O O O !'{ O O.'l Fl ci Fr r'l

^ooooooooooooooooooooY;ni+iFx{6eF+T++Fi+sF+oooooooooAoooooooooooo ir.! .l') <f Ln (o F. - "i 3 
= 

s 3 
= = 

I 5 3 3 R
E

J

fzz
(rt
d

oo

oz

Fl
r.,o

eo

trt
Fl
b0,

I:

E

l!

=
d

A

(n
Fl
l!

=

ltot!

rl
c
t!

J
,aS
5S
L',

6l
EI

6-

oz

=o
zo
F)
e
clFIo
t,z
tll
ld
u,l
c,II
lrl
lJ
Fz
UJu
c2
trl
o.

=-2Et <E: Y;t 
=f I j
o.

(!,
G
u.lz
u,
ctz

=o<
1!=lz,
L .I--Lr
v,z

zo

z

F
ul
J
a0

F

c{
N

<t ,O F{ tlo aYl r\l l.O F Ol F. ri .{ (o l\l sf sl Ol ln O .{ (nn q.r! \ 4 oq a I n q n n q 4.'l \ r''! q q q n
O Odrrn(O @.im (n !-l (r! lO arl (\lFr C) O O l,)t an

!-l Fl .'{ Fl



(f)

N

d
AJ

{
E
Or
Or
*i
o

Eo
+,
tc
Or

tu

GU

{
E
Or
Or
et
o
o
t
o
+,
tc
Or

IJJ

a
aJ
trrc
Bq

FIo
o
!
Eoto6
o

F{o
tl!
cl!
l!
l!6
g
o
=to
o
to

Eo
rn
F
I
uJ

cl
o
z
!!

6 (o i sf o @ s or ot N F- (n o! rn o \t F. c, ao rr'! oqn qdln9\v)4\ aqq qoqa.!.1 qqq
ln@ anrnNOtF. l.o U! <l an aJ Fl FIOOOO Er G{ d

O .{ (O (n Fl N rn Ol N t a! O ('r F lY) rn + an 6 * ql
a 'J'!n q.1 qu:a qn ogn \.'ln nn q a c'l \Ol L,r O sl F (o (O ln rn $ N d O O O O O O.{ -{ O

Fl N O..,1 @@ O rn(n O!ql .\'|OOOOOOI'.NOq -1 e ol q q q e q q I q q q c q q q q q q
<l 01 O (n @ F{ (D d, Fr O O O O O O O O O O O O

a\l 1\l !-{ F{

F d) (O F{ N (tt sl O O N Cl N (O Fl FI N Ot O l\.l N +a q q q q \ q 4 q n n'4 q n 'J.| n q q 9'/'! a
r.{ (t) -l Ul !n <f N |.- Ln <l lr) N r-l .IOOC)CrFl-lFl

i-{ -l F{ -l Fl

Ut -{ Ln dl Fl Fl rO (\l stOrN (n larn(nrn1,1rO NN (ltqao!\ qqoqna,4q4\.!a qq.l \.1 .1
O Fr $ N N @ N Ot rA + l'l N ri Fl F{ C, C) O F{ -l Fl

Fl -l Fl Fl

oN FI\ (n Lnft1 rn@ Ur (n6N (O N N F a.l ln OrOq g.! I q n ry q u'! 4 n q 4 q I n I n.'! q a
OOOO Fl Ln<,1 l! t rn dt Or- rn f! F{ O OF\ 1/l ln

r-.l Ft .l .'l !'l

-l (lr ah a\ FI O rn tt ..l GO t.o t N O O O O O Or F (\I
O (Ytln Fl ra (O O Fi rn Fl Fl O O O O O O O O O O
.j oi di oi oi ci * .i d ct ci o o ci ci d o ct d ct c,

N r\l !'{ .l

@ r{ or N sl sf or qr F. ot o N o o o o o o o o Naer: \q \qq gcq qcq q qq qqq q
d qr qi t Fr Fr O o O O O O O O O o O O O O O
F{ t-.'l (\l N Fl

(n O O) @ rn (n (D O (D N (O <n N N (O @ (D N Ot Fl Flq I q oc q 0q 09 q q \ a \ n \ a n q q q e c
O (n F f\ .n tO <l Ln N Fl !-l Fl Fr O O O O O O O O
..{ .{ Fl r< Fl

rn er t\ r^ N =t t <l an N u! Fa N o F t\ r! o <l N orN NLrlO F. Orr^@ F.n rr! OOl .YrFlO O O.nN O
.d ct ci ui .ri ci r- r- vi s .i .i ci ci ci ci ci ci .i .i cj

i-l .'l !'l .i

^oooooooooooooooooooo-,1;X;;;E;;6sFi+++FF??fiq9qqcqcqc6qcqqcqccqqq
Cl ii N m { l.^ @ F cO Oi O Fl.{.n <f rn to F cO Ol o

H tl ri !-a !-l -{ F{ F{ F{ r-l l\

E

J

fzz
mr{
oo
llt
FlIoz

o
n!r{
co

d
!o

(,}
F{I3

a,)

tr
3

a,lr{
l!

=
Irt
Fl

o.

d!
t{

t!

=
a,)
Fl
lt(,
t!

r{
c
t!

J
-S2efr!a),

t!o
zo
F
l
!o
c.
F

6
IJz

u,tc

F
lrlJ
to

F

=z
Y
Y
l
o.

Ii
GI

(!,
c,
UJz
uJ
oz

=o<ua,z
t-r

Itlz

zo
z

.go
oY

E

6
o
.!

o

=1EE
Jt!
..4co6'I

E=8Et:3r5<:Nq E.> -f os
eeOUc,E
PE
>E

=E
C

=co
onoc
t!
II

<t ln O (o (l,! l\l l! {O O tn O qr i'{ ra r\ ril Or N cr Or (oq9q.!t l: o: oq '4c a \1\ q4.! qn.1 o)
9@st mO Ol Ol F rO <l l\l Fl a.{ .'IOOOOdFTO

!-{ r-.{ F{

o F- t (n o ol r- ra F.6 0\ o @ rn @ ao N or or or oqaaq99.1 q n\.1 aaqqn.!\ana
O O Fl sl rrl (O @ Fl r{N O @ lO tt arl l\l .{ C) lJ) lrl ll

.'l !'l Fl -l

(hN rOF. l,) lrl (O rat (ol\l@ (Or\lrna\lOO r"l r-l (o
.{ 6r l- @ F. N (o F N (o (o N ro F N O O O ri N F
d d .i .i ci.i ci qi.d + 6i .i .i ct ct ci d ct .i ..i o

r-l Fl Fl Fl .'l



N

g
l!
oY

Io
E
l!
o
o
-

c.c
Jtn
ecTl!
.,J
CJ;=ll d r'.E:5<:l{q b->
I !!sg6
.,8c,E
PE
=E-o

=!
E

=co
oeo
G
t!
E

ou

*.s8qor
3<
6ts!ot
OOr
E-ioo

!Ege
uit
FIE
!oJoi
t Lti
F 

".rol
t !.r

o
0,lt
EoIoo
o

r{o
al!,
Cl!
o
(!
6
Eo
!,o
l!
to

E€
F
-I
l!

co
zqJ

\O NtY)F @@ !.1 O Fl <t <l trraOO O OO <l O <lq Iqq09 I o) o! a .'t q q qqq q ceqc q
r\ @ @ 11 F N F (n Fl O O O O O O O O O O O Oi{ N -a i-.1

O (o Ot <t 1O O qr (O F (O iYr at (O (.o Ft lrt N C, @ rn @.! (e n q.l a q q q.-,r a q \ n q.! q q oq a n
N (n O m rf an N @ (O \l (n N i Fr O O O C) Fl Fl Fl.'l Fl Fl r.{ r,.l

rn o F F ro <t qt @ d) N (o at i! (n Ln \o ro N rn (n..{q.! o) \ e e q q n q 4 I q a,4 0) \ ry q \ ar'{ Fld)Olr/lN(OON ln (n N l\l rr..1 O O C) rl !-{ r-{r-a i-{ i-.1 ..1

0c{ o F(nd(Do r,lo(nNCDraolF 01 NNr\o.lc q.! I U] q q a..,! \ h q n q q \ q.! 4.! cl
OO OO Fl nlF -{ <t rrl at Ft O rO d.-{ O O F tO (O

Fl -{ Fl -l Fl

Q O (Ir 6 @ rYr c, rO N c, Or Or N Fr N N ln c, <t tyr.r1ar'| o(o raoN F cD@o@ctl 0 aoN tn ro ra Ln.n
O O F{ an rn ur F O Fl a\l F{ O lO st rn N d C) tO Ur +t< Fl r{ r-{

or (o ro F <t la ro ra io <tr ^l 
(D tt o o o o o @ \t storco d(D€otH F N11 Noo ooo o o r-{ oo.i ri ci rri .i.i d ..i ct d ci ci o o o c, c, d ci d ciNr\li\.lFl

FIO <t(ntOOtOtt F. (11 6NOOOOOOl,tOO\ \ n n d'! n -1 n q c e q q q q q e q c q q
Fr O Ot lrl I\l N O O O O O O O O O O O O O O Or{F{N64.{

(D (o @ (ll t-l st <l N C) .n O aO rO N F l- Ln O $ (O OrFr ra O lO ar) O ra (n N.{ an r-{ I ul N Ft O O @ < a.l
.d N.i iyi + ci r- F d ui.'i r"i .j d ci d ci ci .j .i .j

Fl i{ l{ ..1

(t qr Fl a! (n rA (o F q) Fr O (n \l @ F N .\t C) F r-l tnrl' q! (Yl Sl lr') F l! t (O N aA !-.1 ..lO@NOOanGl N
N (O Fl Fl O O O O F (o (Y! N Fl Fl O O O O N r-r -.r.{Fl-lc..J

^ooooooooooooooooooooYi{n+66++6Ei++++FiT?8ilcgqqqeggqdqcqqqcqqqc9OF{ Nd)<f lnrOl\ Oo.i qn.!(n+utrOF(O('tO
F{ F{ F{ Fl Fi F{ ..{ F{ F{ i-l a\l

J

fzz
nl
IJoo

art

Ioz
Irt

.]
a,o
on

co

c{
U:

nlcl
f
3

L

rl
J.o

=

g

rlt.!
E

&ot!

n!

E
l!

J
-3^3Ei
" 

=-

ao
t\
lrl
J
ao

F

(!,
&,
UTzul
crz

=o<t=
Fl,.Az

zo

z

t!o
zo

e
clFIo
(J
z
trl

II
lrl
|9

t-z
UI(J
G,
u,t
a.

O (o (n Lrl rO d) t\ F O! 6 O <lt (h <l rn (O .n d r-r O (.o
o LnH lr1 OaooF otoor.()Fr r,1 c) 1,l (n cr N t\ 1r!
ui F di s .,i oi qt d d d,i..i .i .i .i ct o ci .i .i .i

Fi Fl -l

rn ri @ l': rn Ln ql N u)oqr st ro a! @(nF d d a sl4 n q 4 q.! o) og q e 0q q 0q q f! I a n I .,.| ..1
$ @ La N ot or or t\ io <f N 6l Fr N Fr o o c, .r -r Fr

(o t @ O Fl rn Ln <l Ul N l'\ ca <l -l f\ !.l gt F sl N OlY' <t <lr N O rn Ol (n Ol rl' rf O O IJl .n N :'{ Cl Ot la N
r- sf @ ln ao rD l'n (o st <t (n -r .-{ o o o c, cl i-{ !-{ r.r

Ln F @ l\ m <l r-{ F @ Fr 6 @ O N \t O (o sl @ r.o O9n n n \ololrl 9ea.!\q\.!.1 q\\'r!
0o ln t\ @ tn (o <' <t <f Ft r-{ r< -t o o o o o o o o.{ r-.1 r.l !-l

=_2ils
;l 

=+t j
a.



l'r)
N

so
{,!

E

i5
E
l!
o
Eo!

CE
Jt!
+,cEl!a, ICJ

Sdr.3*E<;!qo-
:Q-96o!0ES
!!
=2
=E

=tt

=Eo
toc!,
C,
t5lt

ou

*.E(J
(h cr
O)6
ci:
6E.. orSC'r
EFioo

€i
!{ui€
riE
l0)oiqr tr.r
I r.r
tr!t r-r

ar)

o
oA
Eo
oa
o
lrt
o
al!ttr!
.!
oo
E
o
!o
.!
6

6CrN -r Fr rn o! tt !r1 (o <f Hqro\ oro (orn.l <l@
6.\l + N.?t rO Ot (6 r- O O O i\l l,1 O (o d) r'. Gr 6 t
rri F.i q c,l oi N d,ri +.'i.i.i .i .i ci ci d.i .i .i

Gl Fl F.l

F O't O.{ O O F. (n Fl (p O F F- O F{ (o Fr Q ra rn Or..1 Ln l'^(O(nO!'{ @ t r.o @ l- .r OO F.ttO LAN Or
ui F +.i ci ai ci rr d + .i .i ^i .i .i ci ci ci .i .i ci

r-.1 F{ Fl Fl

t\l (n tl d, !-.{ (O r,n m F{ att F \t N O O O O O N <t dF ot ot (O o (p -{ o <f <t o o o o o o o o o o o
6 F F .j.d.i.d + .i ci ci c, c, o o d d c, o o o

r-l N cl Fl

r.it (O .< O Fl Fl (rl lYl Fl !i N O <l .n$ ln+ l:rurE lo
r,1 rn .r1 rn ro o o! lYl rt N tn rrt rn Fl F (t d c) 6 (o <t
i{ .n Oi <t <t aO N O lO t m N N il O O C) O F{ ri

Fl F{ Fl Fl

o^r(l, r,1 (\l N aIl Fr d arl (O O! CO tO FT O N { O rr lnol ln- o!@N < iD <t rrl ra <t o rt <toot.ncD@<t
c, .i + oi'ri d ui oi ro + ni ci..,i ; .i .i ci ct ; .i .i

HFIFI

o ^r cr ^l rl r\ cn 6 ah rn rt o ut m (o ra lO ('t (o N F6 o - 6 (o or r,t oi <l (o @ o <t ro.D tn I\ <l o or sl
O O O O d (n F O ln <l iY, Fl @ rO.n N O O F (O l,t

Ft t{ Fl Fl Fl

o d, (Yt o N (o lr) (D tD (n o o o ln N (o o l> < Q raq ^l n e a q C q \ n or -{ r{ N o ro sr (h m ro (I'
ci ci .i .vi rri 6 r.ci ci ci ..,i ci oi F 'ri + .i .i ci 6 ti {

-l ?a ?'l -l

ra@NOtFlln( t\ Cn r.o (.o .'l tt O O O O O q| E 9..,i ri ci i! @ N 6 rn ro .n -r -r o o o o o O o o o
; q, ci d o.i "i .i ci ct ci ci ci ct o o ci ci ct ct o

i\.Nl!Fl

SSEfifiTEEBEEqEqqEEEEEE
cd tri ro ..i .i .,i ci ct d c, ct o ct ci d ct o ci ci ct o
.{ !{ ('{ a\'| F{

rtl (!,6 (O O Fl i-l NOtO rA(.)N11 lJ.!Na{OroOr<fF. @ - - 6 "{ lo rn 6 0 N or N rn d o o o F <l o
,d rj .i + + .i F F 6'ri'ri .i .i ci ct ct ci ci .i .i .i

F{ ri Ft F{

61 6 r-lOUtO la <' N <t FqlFlFttYl HO O.!l$ ql
in o.r'r o\ - 6 -r r- lo cr O F. N (\l sl r{ O O O! d Cn

G i ; ; .; .i ci d F d .'i .; .; 'i ct ct ci ci '; .; ct
c.. Fl -.1 r{ .-.t

qqqqqqqqe::R3:33:3333
;^rrn<rnrE t\ Go 6i Y el Fl F{ Fa rl -{ Ft Fl -l 6l a\l-r'-i-i'ir'-'i-.rr'
Qegccqqecoegqqqqccqq9ci -i.i di < ln to r. @ ; P 

= 
S p : p I 5 P E R

J

lzz

r{
oo

rl
9oz

Io

Ao

ll!

!a3

llt
J
=

r{
c5

t{

o

c

o

=

3ol!

E

tn
Fl
co

-S2elur(J=

o
UI
arJ
a.

o2

=l!o
z

UN
ul
co

F

I
c.
uJzul
oz

=o<
lr=EZ
LI

lr,

=
zo

z

|Jz
UJld
UI
cct!
trl
u,
tsz
UI(J
calrl
G

E
z
--
fA

:t

Eoq,

I
I
UJ
:E
eo
z
trl

la 6r O O olt N (o lO ln <l to O (o N @ rr, \t l,) ur (o a{nc!.1 iqI nnI nnIq.'?ry.!nqoqaq
t?t lYl (D st N (o (o (D la <t m -{ -{ O O O C) C) F{ .'l F{

r/r st Fr to st ot -r -r cD l,l N <t (o F lJ.l u) F <t o r- F.'t O,4 - n q of a n o! 4 .r'! q q a .! C C q I 9ci i 6 r\ t F. s { <t F{ !-{ Fr Fr o o o o o o o o
FlddF{Fl



\o
N

s
l!
ov
.9

2a
E
l!
t!

oY
c,
J(!tcEl!!olEl!
!43
iia\3*E<:^.qEE
! l!-
9,6ot0d.E
PE
=t
=E

=tt

=co
o
o.
!,a
t
C

d
qJ

s
Clt('t
i
o

Eo.t
.E
c
OJ

tri
N

dt
F{o
o
!
Eo
oo
o
dtr{o
a
l!
co
(!
l!o
c
o
!o
t!
@

cu

E
C}t
C}t

ci
o
o
tr

-oE.}.cr l\r,t .:a

:- or

f.iHi
GO
Oqr(,l BrzsurB(,(t

q
o

c

vl

n
N

\(t

q

o)

\o

q
o

c

q

.,.|
o
N

o)

a nn a q 09 'r'r q q c! ry ol coca1:l 9I9t qt ni ryi J .r .r F ut $ (n -r Fr o o o o o o o
HJ-r-rr-l

(o ot (n t (o O N (o Fr O O O O O O Q A A I Q<,/l oC q q e.! e q I o o o o o o o o o o
c, ci d o ct ci o ct ct ci ci o o c, ci o ci ct ci o

r\l <l <l @ !n O F O rrt <t F{ qr (D Fr O O O A O Qrri @ i o (n.n or O rn.a N o o o o o o o Q q
d d .i : .i.i .j .i ct ci ct o ct ci o o o ct d o

Ln Ln r-l O r.,t @<t \t oOO @.1 01 sf(,rt.rOOO
ri 6i (o @ !n F @ l.n ln < N N ri Fr o o o o o o
ci .i ci 6i .i dci cio o crd o o ci cid ci ct ct

(Il <t F.l 6(Orn.\l(YlslrnNOOOOOOOOO+ !r| s aooo o oo o o o o o o o o o o
c, d o d o c, d o o o d ci ci d d d ci ci d d

L,l o ot 3 r\ N.l O O O o o O O O O O o Q O.! + necc q qcq q e gc c qc qq q
oooooooooooooooooooo

.6 d rn (.r rn o o o o o o o o o o o o o o o- rv..{ o o 6 o o o o o o o o o o o o o o
ci ci c, ci ct ct o ci d d d c, o ci ci d d c, c, ci

.{ 6 <l F. O (n .t (lt ln Ot rrl N .l O O O O O O O
ry ('-l q \ q q q f'!.! q g q q q q q q q q c
O O O o r-l O O O O O O O O O O O O o O O

Ol r-r O (n qr <f Ul t Lrl (O ln t"l (t) l,) F Itl $ a.r O Oc! I q ry q a n q n q q q'Jl a c! n q q q q
O O -r N N d, sl rn ln N -l C) O O O O O O O O

O Ln Ln <D <t rY) (tr N N <f <f N N .{ O O O O O O
Q 9q\ a.! n n n c q qq q q q9q q q
oooooooooooooooooooo

{Yl (o lO !O ln r'{ F{ Cr O O O O O O O O O O O Oa \ q oc a -1 q q q q q q e q q q q q q q
O O r.r O o o O O O O O O O o o O O O O O

J

22

rn
<t

ti
Fl
6A

t,l
Fl
lri
l^
@

rno
r,l
la

t,l
rn

ra

t6

r,|
ot

r,'!
o!

rn
ro
?l
tli
ro

l,l
onr{
ra

t
CI

rno
F{
t,!

ln

t,)

rnrt
t
c{

I,l

la
It
m

E

EOo
cl

o
ut
uJr
o

=
=IIo
zo
tr
D
4
clF
6
(J
z
EI
f
o

GO

ut
J
.a
F

u,
cct!
Fz
6

^ooooooooooooooooooo-;X;;;E;+6=ii+++FiT?EqcqqqqqCeoCCqqqqeqqqo r-r 6r m <f l^ ro F @ 
"i 3 

= 
: : 

= 
3 s 5 3 3

E
oF

f\l ra Ch d, <l sf aY) @ O sf rYl @ rrl r'l .{iON O O O
"c.re ci i e.'l- li! Qqqa n.1 qc999
O Fl N ln N N r'' F{ F{ Fl O O O O O O O O O O

6 o s! ?-r co o F st N r-l O o o O O O o o O Oi q c \ ..r.! g q q q q q c q q q c 9 I Ioooooooooooooooooooo

(!,
c,t!zul
oz

=o<u4bz
t-r
-rJFttz

zo

z

\
I

E
-25t s

;l 
=+? j
o.



r-
Nn!

o
a,It
Eql(,
oo
o
(it
o
e(!
5
E.!
l!
l!6
co
!o
t!
.o

OU

{Eg
o) orOt-6X
o\+s o)Oot
En

rOQs\:I{ s

=stESt,+iar
EOe
O o, ri

H B]u! (E Fr

q
oo

rri

dl
r!

n
N
N

di

r/)

t\

oq
o

F.
d

.'!

u]
o
N

il

r/)

ao

oF

Fr Fr F\ r-.t (l| -r Or sl .nc|Oc)c)c)c,OOOOO4q \ t q q a.1 cq qc q q e q c q q q
oO O OO -r O OOO OO O O O O O O O o

F{ l!@N O (O an -{N Ln r-r c| 
^l 

11 t-l lrl \t Fl O O\ n'r! o!.! q I c! e n q \ 4.,! n q q q q q
Ct r.{ 6l N N N lv) r{ r-{ .l O O O O O O O O O O

an rn @ @ O Or -r (o rn rn F O! tt 6 N F aYl F{ O O\ n e \ \ q q q a a.r! n 6i n n q c q q q
O Fl 6l N el O O O O O O O O O O O O O O O

qr o .\r @ € rr1 fir rn <t .n (n.r O O O O O O O O.n st st r{ o o o o o O o o O O O O O O O O
d d d o o o o o d ci o d o o ci ci ci ci ci c;

(,r.! F. (o.'l N r.l Fl O O O O O O O O O O O O.in n gq qq qqq cq q qe q qe c q
oooooooooooooooooooo

!-l (D rn <l l'\ .n Ft Ol rf c| \l 6I FT O O O O O O ON.n (.o aO @ Ol (O m N Fr O O O O O O O O O O
c, ct ci ci d ct ct ci ct ci ci o ci ci d ci ci o o ci

ln N O F (n (O Ul (O O @ N t N N ln (O (D N F{ r'lnt 4.! q \.! qq cqq n \ '4 c.1 qqqq
O O FI -l Nit rO (n lfl N .',1 riOOOOOOOO

O! O Ln r,l dt Fl rr).r O O O O O O O O O O O Or,r (o ao ro t N o o o o o o o o o o o o o o
ci ci ci d o d ct d ct o ct o o ct o o ct o o ct

J

lzz
rn
tt
lr!
1,l
r{

ra
F{dt
I,l
00

I,t
00

la
It

ra
ra

ln

ra

I,lgt
F{

t
ot
F{
ln
rD
H
ra
ro

t,l
nnr{
ra
lri
?t
I,l
C'

rao
t,i

u)

r,)rl

ra+
I,lcl

tt

rrtrl

E

Eoo

o
UJ
u,l4
oz
3
t!o
zo
F
f
ao
EF
E
(.)
z
UI
f
d
UT
GII
Fz
o

s
UJJ
co

F

^ooooooooooooooooooo-:;{;iIE;Fdeii+++FT+?Feqqeqcqcc6qqqqqcqqqco F{.! (n <r ', (, r\ - "i I = = 
3 : I S 5 

= 
3

E
z
Y-
)
o-

.' ,}

sr!
o-

l3o
.!
l!

oY
CE
J6
?cT(!ol
E=
ii Et:3*E<:N
s"Ee -
= i!-
e6a, !aES
!!

=E
=E-
=3
c
o

o
o.oc
(!

II

a L4 .1 q \ \'.,l o) .! o)'4 .r'!'4 q q c n q q q
rrt r\ 6l a! O O r-l @ (O sf (,l) r! r.t -t O O O O O O..1 r-{ ?.1 ..1 Fa

r.o€ N@N @@ sl .\l<f@tl'\\fF{c)c,c,c,c,io .o Gl..{ o o o sl t\ <f N Fr o o o o o o o o
ctci.i.i.i^i..,i .icici cid dcrci o ct ct o ct

La.n (n.\ Or Or sf (l,..'t N N O O O O O O O O O<t (o qt N N t-{.r o o o o o o o o o o o o o
ci ci ct ct d ct ct ci c, o o ct o o ct c, o ci ci c;

r-.r € !.r F.n G{ o o o o o o o o o o o o o oN F{ N OO OOOOO OO O O O o O O O O
o o o ct ct ct ct d ci ct o d ct o d ci o d ci ci

d orI\ ft1 o!orln(o€<lNNr-rdoooooofn rn r- r- ro d H O O O O O O O O O O O O O
o o d o ci ct o d c, o o o c, o o o o o o o

(!,
c,
uJz
lrJ
oz

=o<
tt4lz,
LI
-L'
thz
J

z
o

z



@
N

!
l!
ov
E
J4o
Eo
o
fro-ii.E,

EO.,Jc1E=

8dr.E:8<;!
Q o-
r o-g6
OEc,s
Eb
>E-o

=rot

=to
oc
ru
BI
l!st!

ri
aJ

E
O)
or
.i
o

t
ot

o
o
!
Eo
o
ct
o
d!
o
to3
C
l!
l!
oo
Eo
!(,
o
@

ou

Str
clr
Or
ei
o
o
EaOE.}-

8E
iE9,IHi
EO
Q 0.,i,)E)Zcr.u Crrq

q
oo

c
N

.i
N

,Yi

4

\

eo

r:
o

'ri

od
N

I

,4

6
oF

q 9a.!q qqqq\ $rr'6 q qdl .!ncq
d F .i.i ci o .i qi d s di ti .i .i d ct o ci d ct

Fl r{ F{ Fl F{

o.! tn o(o 01 qrlYlNooooooooooo
6 itt i\ F 6 ot - - o 6 O o o o o o o o o o
d o o o ct c, o o ci ct o o ci ci d ct ci d o ct

(o.n O O (O <h ( a! (O L^ (O ra F lr! r'l O O O O A- ot- - q C C qq aN.r o o o o o o o o
o ci ..i .i .j .,,i .,,i .j o ct ci o o ci d ct o o c, c;

(c' O O rrt @ O Or t Fr @.n (o N r- .n (o t N o o
- -+ r- - -..1 ..r rn 6 ot F. !.1 Nc'{ooooo
ci .i "i ..,i .i.i.yi.i -i -ici cicid docictcic;

!'{ O@ (O NOt Or Or sl N @ 01 LnOlrt@l,l'{OO
ot - - (o N 6 F. (o < <l tYl N ln (\l Fl o o o o o
o' .i ni oi .i ci ci ci ct o ci ci d c, ct ci d d o ci

ah tn o <t or F ra F.Y, N N () O O O O O O O Q,4 e aq .! nn q qq cq qq gc ccq q
oooooooooooooooooooo

r.- N sr \l r.{.\l N Fl O O O O O O O O O O O I.n r.r G{ 6 O O O O O O O O o O O O O O o o
ci o o ct d ct c, ci o d c, ci o o ci d ci ci ci o

<r 6 a\l a{ th art O @ N @.n N F{ O O O O O O O
ln (n (o 6 @ 01 Ln (n N O O O C) O O O O O O O
d ci c, o ct o o ct ci d ct o o c, ci ci ci c, ct c,

(o tyt <l F o (o.{ rn <t r\ <t F @ o ?-t !^ 9 N n Era vl r! o!ogcq0q +4 \ qq '/'! d! .1 qqqq
O O Fi F{ 1{ (n tYl dt ., (\ t'.'l r'{ O O O O O O O O

ra @ o co Ln rn La..r O O O o o O O O O O O Or. L. F ro Ln N o o o o o o o o o o o o o o
ci o c, o ci ci d ct c, ci c, o o o c, c, ct ci ci ci

lzz
rn!t
r,!
Fl

ra

ra
oo

I,i
6
r,t
ra

t1r,
u1

r/l

I,lgt
d
tng)
Fl
t,i
rO
c{
r,l
rO

ra
dtrl
I,i
F{
I,lo
t,iorl
u't

la

tt

la
<t
t,lrl

ra

rna
d)

E

uoo

oul
UJE
o
=
=tlo
zo
tr
f
lo
ctF26
(J
z
ltl
f
ct
tlt
c,
l!
Fz
o

CO6
t!)
ao

F

(!,
c,
ETz
u,
oz

=o<
lr=lz,
t-I
-L'
ttz

zo
z

^ooooooooooooooooooo-;;;;;E;;6=:rr:5s533Re444444c4d4444q44444o !-{ N.n <f rn (o F - "i I = 
I I : 

= 
I } 3 E

E
2
Y-
,A

',. ; +i

t
Or

n
N

.i .\r..{ !n oo <t (rt lYl sl (n ri a\l O O O O O O O Oln+6-{66ooOoooo oooo ooo
d o d d ci ci o d ct ci o o o d c, c, ci d o c;

(o 6 (o N tYl i'{ O O O O O O O O O O O O O O
- -.r O OO O O o O O O O O O OO O O O
d ci ci o o o o ci ci ci o o o ci ci ci c, d o o

N N (lr O O! Fl <l F F I N N Fl Fi O O O O O O
st rA F. F..n N i O O O O O O O O O O O O O
ci o o o d ci ci ci d o o o d ci ci d d d o o



NATIONAL INSTITUTE OF WIND ENERGY

E

=

E

=

10.0

0.0

10.0

JAN 13 FEB 13

0 2 4 6 8 LO121476142022
nm€ (hours)

o 2 4 6 810127475782022
Time (hours)

MAR 13 5.0 APR 13

0.0

10.0
€

0.0

? 0.0
;

E

;

E

=

10.0

8.0

5.0.;
€

.*o.o
E

=

-?'l0.0E

,9

=
0.0

o 2 4 6 a LOr21476742022
Time (hou6)

o 2 4 6 a 10721416142022
Time (hours)

MAY 13 JUN 13

o 2 4 6 8 t0t21416142022
Time (hours)

t2.o

ro.0

8.0

JUt 13
E

,=

= 0 2 4 6 81012t4L6142022
Time (hoursl

10.0 SEP 13

E

.=
B

0.0

o 2 4 6 A 1OL21416142022
Iime(hours)

10.0 AUG 13
E

8 0.0
E
3 o 2 4 6 8 r0t214t6l82022

Time (hoursl

a 5'o

s

t o.os
3

ocT 13

o 2 4 6 A 1O72t476782022
Time (hours)

E

.g
3

10.0

0.0

NOV 13 DEC 13

0 2 4 6 8 rot2t476ta2022
Iime (hours)

o 2 4 6 A t0t2t4l6ta2022
Time {hours)

SE SoR HEIGHT: som
FIGURE 4: }IEA]I HOURLY WIND SPEED
(TANUARY 2or3 TO DECEITIBER 2013)

wind R@uteAwnqrtUnlt
Flnal Rqgprt on w'tnd Honituirrg Sa&n at Arlitutpn le &E Korbyam Difricl l{etab

taly mrz
29

WIND RESOURCE ASSESSMENT UNIT

0 2 416 efrolp# 14 t6ta2o22



ii NATIONAL INSTITUTE OF WIND ENERGY
WIND RESOURCE ASSESSMENT UNIT

10.0
E

E 0.0

=

c 10.0
E

E 0.0
3

JAN 13 FEB 13

o 2 4 6 A 10r21416t82022
Iim€lhour5)

0 2 4 
f,,n3.AO T 

14 16t82o22

MAR 13 APR 13

0 2 4 6 8 70t214t6t82022
Time lhours)

0 2 4 6 8 t0t21476742022
Time (hou6)

E

=

^ 10.0

€

! o.o

3

E

!
=

5.0

0.0

12.0

10.0

8.0

JUN 13

E

I

;

5.0

0.0

o24647012L4L6t42022
Time (hou15)

0 2 4r-6 € luo# 14 t6142O22

15.0 JUL 13 AUG 13

o 2 4 6 8 70727476782022
Tlme(hours)

o 2 4 6 A t0t274t6La2022
I]me(hoursl

10.0
E

.9

=

5.0

10.0

0.0

Q10.0
E

0.00.0

10.o

o.o

E

; 0 2 4 6 8 r0t2t4t6ta2022
I'im€ (hours)

5.0 ocT 13

o 2 4 6 a ro!2t4t6t82022
lime (hours)

E

q

s
=

;

0.0

10.0 NOV 13 DEC 13

0 2 4 6 8101214L6182022
rime (hoursl

o 2 4 6 8 t0t2t4t6ta2022
lrme (houlg)

SENSOR HEIGHTT 78m
FIGURE 4A: IIEATI HOURLY WIT{D SPEED

(rAI{UARY 2013 TO DECEHBER 2013)

E

.a
3

.$t d R.9,tr@Affirr€,rt lhrit
Flnl Rqrt o,M rlorri@ *don.t Falfurpm Te &q lb,brrm Ditffi, Xq'.b

tav ,7
30

MAY 13

SEP 13

E

=



NATIONAL INSTITUTE OF WIND ENERGY
WIND RESOURCE ASSESSMENT UNIT

JAN 13 FEB 13
E

=

E

,E

=

E

q

.g

=

E

q

.E

=

0.0-.1
g

=

10.0

0 0.00

0.0

o2468aO121476142022
fime (hours)

o 2 4 6 A 7012t4t6t82022
Time (hoursl

10.0 MAR 13

0.0

o 2 4 6 81O121476L42022
Iime(hours)

5.0 APR 13

0.0

L2.O

10.0

8.0

E

=

E

E

=

E

;

E

E

=

MAY 13 JUN 13

o 2 4 6 A 70t2t416t82022
Time (hours)

JUL 13 AUG 13

0 2 4 6 8 rOt2t4L6tA2022
I'ime (hours)

o 2 4 6 a tor2t4t6r8202?
Time (hoursl

0 2 4 6 8 t072r4r6t82022
Time (holrrs)

ocr 13

o 2 4 6 a 101274L6t82022
Time (hours)

-40.0E
DEC 13

=

0.0

0 2 4 6 8 70727416782022
Time (hours)

0 2 416 J. 10tU 14 76La2O22

072 10.0

0.0

5.0

0.0

10.0

8.0

10.0 SEP 13

o 2 4 6 a rot274l6taz022
Time (hours)

a
E

-B o.o

=

10.0 NOV 13

o 2 4 6 a rot2r4L6ta2022
Time (hours)

lfrrrd R@,rre A'E5',rrqrt Unit
Final Rqort on allnd Noniawing Sbtua at hrfikaam la Etu@ KolAnm Dlsffi, lGnb

,uly mrz
31

E

I

.=

=

5.0

0.0

SE SOR HEIGHT: 80m NORTH
FIGURE 48: IIEAN HOURLY WI]ID SPEED

(rA|{UARY 2013 TO DECEITIBER 2013)



NATIONAL INSTITUTE OF WIND ENERGY
WIND RESOURCE ASSESSMENT UNIT

E
!

q

!
.E
3

10.00

8.00

6.00

4.00

2.00

0.00

Monthly Mean Wlnd Sp€ed{m/s}

EEg""g:=€,s'8!E
Montht

SENSOR HEIGHT: som

SE SOR HEIGHT:78m

Monlhly Mean wlnd Spced(m/s)

E
!

!
E
3

12.m
10.m
8.00
6.00
4.00
2.OO

0.00

EEg.a$E!:*e'898
Months

SEI{SOR HEIGHT: 80m

FIGURE 53 IIOT|THLY MEAN WII{D SPEED
(TANUARY 2013 rO DECEUBER 2013)

Monthly M€an wind SD€edlm/s)

EEE"i$EE:*S898
Months

12.m
10.m
8.00
6.00
4.00
2.00
0.00

E
!

e
!s
3

t$t dR@,teAsss,rrqrtlrnft
Flnal Rqrtd,,trard rlorribirrg sdot rt Pttllkt pm fa Mu,.lbaal n Dbdct, xqab

,oty mrz
3Z



NATIONAL INSTITUTE OF WIND ENERGY

Months

Ef;i"egE=Hs'8!E

E
3

dc
ct

3o
1'
E

;

E
3

c
o

'o
!
E

=

E
]
rE
c
o
io4
!g

=

600.00
500.00
400.00
300.00
200.00
100.00

0.00

700.00
500.00
500.00
400.00
300.00
200.00
100.00

0.00

wind power density(Wm'll

SENSOR HEIGHT: 78m

Efg"egE=g.c'838
Months

wind power density(Vm:)
700.00
500.00
s00.00
400.00
300.00
200.00
100.00

0.00

EPg"e$E=e*,s'8!E
Months

SENSOR HEIGHT; 8Om

FIGURE 6r IT|ONTHLY ltlEAl{ WII{D POWER DENSITY
(TA UARY 2013 TO DECEilBER.2013)

33

WIND RESOURCE ASSESSMENT UNIT

wind power density(Vm')

SEl{SOR HEIGHf: 5Om

mrrd Re9areAwnart Urrit
Ftnal Rqrt or, ,ftrf, rtonttorlng Sffir, et n ifuEm Ta &b, Kolbyam Dituict, Kenla

tuly 2orz



3

T

s

B

a

i'l:i

I

!a 8;

Eil

s

a
=

6!
E

c;

E

h

gs

6

B

lr

3

I lxr-

I

(!,
4
EIz
UI
a
=l{

=lLxo<
i=flrrF-
FC)
o
=t{

z
o
HF
z

i-
E

E

E

!@

6i

a
Pg

s6f;!Es!.E8
" l^ EI E'cr' n6-. :

E?E EI

giEEIEi
frEi $ls
E5i *E.EE ST

s E8tllls
-!

HSZBo$
ai

N



l'r)

3

86

g

T

a

i

I

FI

sI
arI
$

EIEEE!.=EF EA dOd :

".iRt$gFiiE

eiEr$$i
r l:Ee l!{
EsESt, EE E

EE
lll-Ulh

$t
i

E

:*$l

ha

h

!

t

!a

8at.

t

*

A

6
B
E
F

E

E

?

ba

B

t

B

:t

f(}-

T

T

I
I
i
t

:I

(!,
c,
UJz
UI
ozt{
=l!Ho<
i=
=l 

lu
F-FTJ
UIz
H

=ot{F
z



\o

3r'8t'

!a!a

l:'

3r

I

B

I

'
a

I

3-

ll

a!
c
s

EI
!!.EI

" I^ E
I E'irr- J6- :

E;E EI

'iEE$$r
, 
E:H EE-

E9iSE- EEEtu aa

HEztsUl ..,l
q
a
s

3
3

h

!
=

B
E

E

e

h

I
*

Ic
UIz
UI
6zt{
=EHo<
rt2FzfurF-FIJFli
=t{

z
o
HF
z

E

q
i
i
I



t-

at
g

$
&
a
E
s.I
s
o\

s$
-

FS

$ss
gEr

{f;
ss

st!

s
!
s
E6t
Bc

E

a
E
E

E
E

=I{ EA
8REEsN

: EE

=EEsE6
=68-ET
r'i-oxEt
l|rO Calvo
EHEiljl,n

uJ

coo
=UJo

E

I

a

!

e

e
6

I

=
+

c,d
utz!I
oz
ll

=lL r-t0<.nzF=
PHF(J
ozl{
J
z
o
tsaF
z



.,

*r*

NATIONAL INSTITUTE OF WIND ENERGY
WIND RESOURCE ASSESSMENT UNIT

12.00

10.00

8.00

6.00

4.00

2.00

0.00

Jen

1C

8

3

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

MO THLY IIIEAT{ WIND SPEED
(ranuary 2013 b D€cember 2013)

\'rind Profile

J!l Aus seP

- 20rn Ave

;
5
x
e

:
c

c

[,lEr Ccr Ncv Dec

ln rd Arplr'/eAgsg,rartahrlt
Flrpl Rlpott qr tutn Ponlffig Sffirr.t Ptt ffittna la @ Xoa,,y.m Disaicg faab

,uryP9 38

+8Om
+78m
+50m
-,e20m



NATIONAL INSTITUTE OF WIND ENERGY
WIND RESOURCE ASSESSMENT UNITi {i*

- a:- t.;

1

a
E;
6
?t
5,

c o ' ,*'i* tt 21

FIGUN.E 8: IIONTHLY WI D SPEED AIID DAILY WII{D SPEED - PULIXXAI{AIII
(ranuary 2013 b lrecember 2013)

-Seoct

12

FIGURE 9: DAILY WIilD SHEAR-PULIXXAI|AiI|
(ranuaiy 2013 to December 2013)

a

0

t"
$.
I

I

FIGURE 10: I,IONTHLY WIND SHEAR,. PULIKKANAII
(ranuary 2013 to December 2013)

WlnalReura^'g,ry,prclt k
ftml R*rt orr ,n d rlor drrg Wrr.tnt$furut, U ffiE, t(oaAnn DBdq K.frb

,urf 7,
39



NATIONAL INSTITUTE OF WIND ENERGY
WIND RESOURCE ASSESSMENT UNIT

rcc

E

:.t
,
l.o
6i

c
c

brl rha !e..4 Fr.)

FIGURE 11: VERTICALWIIiD SHEAR- ruLlt(Ail4il
(ranuary 2013 b Dccember 2013)

tII
I{
':

fo.
t

3:

o1

00

Tuat(,l0nce

!

utr,l R.',naA'gs,/r,grtllnlt
frDl Rert ot,nrn Xo,ttb,*O fitba n HM.trm lq El'&,. Xdbun Dtulq ru.b

tulym0 40

EI
E



NATIONAL INSTITUTE OF WIND ENERGY
WIND RESOURCE ASSESSMENT UNIT

!,

.l
€

0.45

0.40

0.35

0.30

0.25

0.20

0.15

0.10

o.05

0.00

t 2 3 4 5 6 7 8 9 tO L7 t2t3 t475L6t7 t8t9202r

FIGURE 12: TURBUI-AI{CE II|TE SITY - PULIKKANAITI
(January 2013 to December 2013)

+Seriesl

aJitxl R.s,,,e A#r,f,r? lt it
Fir8l RWrt oo Ward rrorri@ gtiorr rt Pttlikatnt t lq *8, folAmn Dffi, Kcnb

,ny zOD
47

i"'t3



II,'d Year

Jan 2Ol4 r l)ee 2Ol1

42



!!
x
d
l!o
E

g

4aEIE:
trEr
TtR
EEi
8A
Es
!!EEO
E:o-

!ct
cc
t
c
a

a
o
N
q,lr
Eq,

!,o
o
tt
o
tt!tco
t!
l!o
Eo

TI
!,
l!
a!

d

d

c

c

q

q

:6016 P tsBgs E A R3fr** frESg E :::: : E =SEE
ai{Gq{F$gE E 6BEE E i= Eg
\r4 (o \o o .,| r: l: i q j 

= u ., +g Er_^ 
..o_ 

iriE i aE r-Es-f ,N -E'E E ?: PPS E E E = ; Ers
EsrsFEiS;;! :[rr:r Es Ett;a*3 t : I t E *;;
innnii;E;fi':-nlrn g iE Es
=EF9 E<

oBsBBEqEqE e ssBB i B *s.,i .n ..i .i 9Rs3 ci ;.i.i.n : E aig

neo:q

..i .i ..i .i

.i .i .i ..i

€5ssEHFS

ci

'.iradid

Ic
ut

=tu
o
=
=o<
v=Pg
FIJ
atz

=o

=

(n

E
a,

6
0)
!
E

s EhsB E C 3c; ::.i; : N $

9

q

ai

x;R3

J

lzz

tl
tJ
UIo
tl

oz
rt
t-IJ
o
rt
E
u,t

tl

I:,
a!t

l

rl
z
D

rt

=rt
d,
A

+
c,

=
tt
.a
uJ

<t

z

J
!o

F
ctlrlFll F

url (
de
FIH

zo(J

E]<i
2l
<l

3t
a-l;!

'Ei



a,

at
!,

;

o
c
o
ao,to
(!
r!o
co

.o

z

z

oI

|:i
dio

F
t{

o
T

E:droi.!

oI

6:
6al)Fr .1.

l\
t\l

(o

f
2z

6aco

^l@
o

co

o
ar!

6l

= E 2222Y2===

1=2I = B 
= = = !=22

o-lnttd!t!-r{(,r-q:'r'! io! i,1 i\:3RsX9X5X9RB6!?5
389=S

co - tt + o !t.{ tt ra -c ; a = a I o! try :IR9X9{9X9RHEiiI* I P =s

EsrBE
S ,ii '. .ii E

fin8re
IriN.iR

.,)ao o rr{ 6i\a or ro F ro

..; ct o ci c,

<lr,)(oro.llor
<i<ictcidj

ooo.rodt6(oFF
'i.ictcici

F\(Ot-FOrYtrq\4t9OOOoo.l

atN<ot<toq.4d!nl:(o rrt rn .,l
rtrt(oroF<tl\6rr6root
d+d..ii'ir-

a{dro16q4.,l.ile\o in rn ra

!{ dt .r! rrr 6 (h
aoo(oorr^F
ro rt .a r\l rn a\

<am(h9A9..!alDrarnrnl^
ar a.{ @ rnrD l'- tt Or .n rn

ro tt ra 6a ai t\

+<rsrtr9<ist\r\tl<

tiisig5=i&s83E

EEEPfiErY).oF.#!]?r
6iloa6t.n-or-rn<tiEEESE:d:dEE
6SEriBEN3:+63
R83ff89ii6d;9I;

3FEH3HEH}HgHFqSEEEh3s36r

oE
EcD
9pE

=a,l!=>6=!)EEs

o

E
ao

^F.,v
E

QgEg
!o={rsi
*g H

EE eE:3
_: r-G<t;

g
EoI

GE
EO
cco;
E?
;ehr!6h!9
i=EE20Bg
=oE
EH
;Eoo.,FB=
!l:E6
.6iE6cto6

=-.=^EC
cc,or^
=-
t
c
o

=

F
o

T2
dB(eFo

E

=E,

(,
d
llrz
lu
c!z
-
EHo<
v=>s
F(J
a

=

=o
F

=

E
z
Y

f

Ii

t!
I

$
E
E
B.

*I
ss
E"S
ES

ilH
sE$
!gEt
s*

s
!
s
st
sc

E

oooYratsEl
SIN;R

rnttF\<tt-
Q : e ; i i a ia ;
F. O 1l] O o X ro =.o 

O

:ir sF{}
889*:

R8B9E3
rn@F60

etor<t6i.n-dt-r-rtt

iFEFEFiiEiiEEqB**EF3:+38

d(oOt..l@.!(h.^F(o;ctdctct

rn ro ..r NF-rONral.-!t
dcicidci.j



E

o

c

o

!!

E
.!!6
E

t
gv-

EE

BiF
TEF
E.EA!;<
8a

=viE
=!
;
o
t

i

(,=

HI

t

.1

E

'dni+idir.

a94u)qo!

adi!;didiod

+;-diridi

.i{<dirci

nt dl qr:aq

+{uidiniN

F:!',!d:qc9

o!u!!-iq.qe

\coln!!_re

r:qnol .!v:

4.1aCq\

1u:acrtn

\90qnn?a

qiqiNdiniod

,!..!.qqu:..!

dicidndidi

ctuic.idir.

n!:qo!,-rq

n09\eac

9qaqr:a

<$3E=='i:f;EiE

o

o2

=
,o
:E
z
:

l!,
cl
z
az

=o<v4

ie
=
zo
t-
z

tdlaaq!)

E
z



(o

o

a

{
.!

6rui.idiF

niqnl4

4e,!r'!!r:

EEEEE

+digdidi.d

qu_rqn.1 <l

!i<,ididiF

F:ad!qq9

r ididiF

\90:._rq\

dr'd.iniF

.dsi6nidici

oiFFdidici

.qqn,!{n

{t{iF.idits

qi66.,idiF

ct{vi;'iF

<E=E3=::f;EiE

!!

E
5
E

=Y-

lin3=E<:Gr
? b.>5::8fi
9E
=E

=!
3
a

tI
c
i

o

oz

=t
lo-z
:

t,
G
z
crz

=3E
-(,6
=
2o
t-
z

=z

,;iti

6,6Ct

4C
Hr



r-

E

e

o

!

t
6
E

gY-

EdF
TtF
s 5i
8a
PE

=E:
!
=

o

E

!
o,

E

!,
s

E

2

G

o

3

nv: a'1 dl .! t.!.qcu!a

d)!! 9.1 qn

na!.:r':n!

<dinididits

a.!.1 ! old:

\a.!qq1

qaaeqa

r:r:aa44

{ta9d!ntqr:u!4.9

\a4r:..id!

qi,igidiniF

r:r!9noq

9no9edlq

a9r:.t!c

an4oqnlr:

aEn+r.!4tv)9ad!o!

cirvi.idir{

Fdiui.idiF

iEETS=::MEiE

6

o2

=a

o
I
z

=

(9
d
z
oz
3
os
92
ie
=
2o
t-
z

=2

t i'

t.:,!.!r:q



@

E

o

n

n

6s<.i.iui

qqn!t4n I i?qdl eot

qq99.!-t i9qnqol

c'|q.9qnat4.:.!a\

r: n n,1 .1
r..idinnd

q.!!taqq

.di..ini,6

r,!qdlqa9

.{adi"id

co!t4aa

n!n0qr:\4

ir!ididid

uiruiridid

n!a9cqn)

..!nolt.!n

qi'!ceo:09

siui6.i.id

N'i'6.i.i6

Fviui.i..ivi

Fvi,i.i.iqj

lneqa!lrqqqF:P

Fri.i.,iq,

qi ri i .i .,i 
'/i

<-$=83='i:sEAE

o

o

o

o

o

6

o

o

o

oo

I
2o
E

o

a
=3
5
fo
z
E

!

E
Lo
E

g--

E5

B i t.3=E<:6r
? Ei
5?Tgfi
CC

3E
=s
=c
t

-
E

6

t,I
z
ctz

=o_<
v=
i 'r,

=
zo
l-

z

E
z

: il

nqa9!ar

nr:qq9i !

3!

6,6Ero
2Eu*



-eo
o

E
l!o
Eo
l!

ov
a=
Jt!
l:l!olE:E=XiAFE:5<;Ne 5->
r o-96osc, .=

!-L

>'E

=tts
=co
t
o
o.q,c
t!
.E
l!

l0
.E
!
o
l!-oo
!
IEs

U
AJ

\
ot
ot
-i
o

ot
E
qr

l{i
N

rl
Flo
o
!
Eo(,
oo
o
!?
o
io
cl!
lE
t!o
E
o
!o
t!
to

EoN
FIIq,t

-
d,o
z
lrJ

or P P 5 A O r-.r rr (n (o (o F N (o st r-{ !-{ t-{ !a FrLn Y -: r.'l (o (o arr Ot rn Fi (n F. rt Er O O O N qr F.

"i 5 P P 
= 

oi d d + di ^i .i o o o o o o .i o c;

8flqE3EB33S3RR3ss9EBTE
d "i : : "i I 3 "t 

N + .,,i -ictc,cjcjocj-i.i.i

EBiq+B$sBeB8BB88BBBB8
E P R I oi F ( r.i ci d d ci ci d d cj ct ci ci ct ci

m .r 4 19 9 9 o or o Lr.r (n l.\ <r cr! <r ^r o o c.r r\r 
^rrn o "{ -.:,:,': € or fi rn.yr oo Gi N o o o o ol st F+ "'= I Sg ": "t d N uici-i ci ci d ci ci .,,i .i.i

F O @ t r.,. h I 9 sf F (O F{ (n !n or O O O st N urr'l.nNrn@uaUl-stOlnOtr-l 6f{O O O r.riO.V
-i'yi d F: 

"i P 5 : qi ro +'ri d ci d c, cj cj ..i e,i ..i

EE{qsh$BBHsB8888B8B8B
= 

S R N oi di,..i ^i .i cj ct ci d c, c, d d o o d ci

BDq{fftSsRBssssBsBssBD
"i crj 5 P S s 

= "i 
ui .i .i .i ci ci ci ci o ci c, o o

o I R 11 S r.. s o' (o @ (o F La N o o o o <' N lr}Fr ": Y'': r: st N O t or (n @ Lrl Fr o o o o N Fr S
"i = 

5 5 S r- F F t ^i r.,i cj o o o c, cj ci .i .i ct

RB=i{6EqEB+ssB#sBsuRS
d d qi 3 

= = ==.d 
di +ci.i ci ci o o ci .,,i .i.i

^ooooooooooooooooooooY;nniiF++iE++T++FF?qF{oooooooooAooooooooooo
O d (\ m <i rn (O F O Oi O FI a! lYr $ rn (c, l\ CO C't O

F{ F{ r{ Fl !-l !-{ r-{ r-{ r-t ..1 11

\
E

J

-<zz
rlrl
oo
+r{
Joz
rt
Fl

o
It
F{
a.o

tt
uJ

t€r{
f

rt
Fl
c

tl

l!

=
tr{
.L

tt
.l

o

=
tt
F{
!ot!

!t
c
lE

-S
EEr),

6
UJ
UJ
E

oz

=l!o
2
9Ff
ro
cc,F,2
o
(J
z
UJ
fd
UJ
&,II
trl
g,

Fz
utI
G,
ul
o.

F
lrtJ
to
F

(!,
ol
uJzul
oz

=o<uatz
LI
-Lr
tlz

zo
F
z

=-2
Et sil -+? j

o.

01

cu

{
E

o,\
Or
c,
o
a
E
o
+,
!cqr

lri

o
q,
CD

ctq

AEEqB*sBSxfiB$sBPB8+=s
5 I I 

= 
di oi .d d !'i .'i.,i -i -i ci ct ci d ci -i -i ci

$Bt3€A€xsbsDBsBBssEKR
"i ( S I 5 I S d + .i ci ci ct ci ci cj cj ci d ct ci

SEEBRBBRRSB8B8888BB88
S E R N oi ci c, d o o o c, d d d o d ci d c, ci



O

l!
!
4,,

!!,q
o
!,
IEs

(i
aJ

E
Ol(h
.i
o

Eot
tcqr

qr

€
E
ot
O)
c;
o
a
E
o

ts
qJ

n

o
(l,
trttrq

a
or{
o
.o
Eo
oo
o
tt
C)

ao
to
l!
o6
co
=,e,
r!It

Eola
#EI
tr,l
-eo
z
UJ

Fr F{ !f S P r.n ur o.n o} rn or o o @ cn !-r d o Ln oa! dr ":': r-: (n 6 (n Fr (\t at ot <l ot rn d rr o lp * Fr

"i "i = 
S S oi d F to + ni -i .i d d d o ci .i .i i

o,n S I q.a 9 o Ln .! o F o + <l F. (n (o { o r.r.n <t 1 - N o': rn F @ r\ d Ln F .n \f r-r Fr ao ot o
"i oi P 

= 
.d oi 3 oi N'ri di..i -i ct d o ci ct -i -i -i

o Q i i (o m.{.\r N (n N o @ o\ N F or o t @ For u: ': e'l (o <l Ft or F 6t N rn f\ rtt (rt ro Fr O <t F ra
d 

= 
5 I trt.xi oi d,ri,ri.'i .i .i .i ci ci ci ci i .i .i

BEEiQrsssEsBSsBSBBPSB
"i I R g 

= 
F d + .i ct d d d d c, o ct o o c, ci

RRs{iEi+xDrRBsBBBSKsg.i $ .d : 3 I I "i 
ui.,i ci d ci d ci ci ct ci .i ci c,

-r ar rn 9 9 9 o or Fr (n oo N i-r rr .! rrr @ N ao qr (rt
O Fr F.-: .':'-.: O F <t (o r.o t O rO d <' .{ O la O qr
+ + N 

= 
g : ", "i d ro 6 ui + .i -i d ct d rri rri.i

.n { .n o o o I S !l c ra o (o N o <r rvr o .a o co
l- .i N dt an ot: rY'l ro d d d) rYl (lt Fl ur o ro (o +
ci .i ui ui 

". "i X 
= 

S'r d q.d..i .i .i ci ci di.i.i

BEEqBe::=R;B88888BHPB
"i g K N I d di ci c.i -i d ci ct ct ci d ci ci ci o o

FEXqBnassressBsBBsBBs
"i I R S 

= 
r .i ct ct ci d ci d d d ct ct ct o ci d

xPEAEEESSSRSBSBBESREB
"i.d = 

$ : 
= = "i 

ct + c,,i .i .i .i d ct o ci .i ci d

$XEqEe+nDBsBDh$B88sEB
d 3 

= 
I : d F. ro d ri .i i ct c, ct ci d ct .i .i .i

F\ r^ -r ah l. !4 S a !l or ro .r 6rr rrl !.r @ o N m or .{H @ oo (o !n -: -: Y ": F{ rr, (o ln F @.n d o o N o
.i r.i rri d 

"i I 
= = 

I n. t: di.i .i ci ct d cj + di .i

qqeqcqqqc:::33;3R333:
+.t o|) $ I 9') 09 I = I I I f i i f I I | +qCCCCqCCeoCCCqqqqCCqqo.{ N m st Ln ro r\ - "i : : : g : I I } 3 I R

J

zz
t
!{
(,
oo
tt
toz
rtrl

o
rt
oo

t'

BI

t
t'
F{J,

C
f

tt

l!

=
tt
dg
a.

{
o

=
tc{
!
e,t!

a
l!

-S-3fite 
=-

o

o
zo
F
f
e
al

ut(,
G,
u,l
o-

lrJ

6
F

c,
ollrlz
UJ

ctz

=o<ur=lz,
L -.l-FL'
thz

zo
F
z

E
z
!z
Y

=o.

t i.

g
l!
ov
li

6
E.!
o
o

r: -.EC
Jt!
eCEl!o,Jcla=8Et:grE
<:No b> -, o-g6
oac,E

>E
=

=co
oq.
t,c
l!
u.



LO

(!

!
o

=q
o
!(!
s

d
AJ

{
E
ot
ot
*i
o

Eot
!
tr
aJ

IJJ

N

€
{
E
cll
ot
ci
o
o
Eo
{,
tc
a,r

fi
o
q,
trrc
G

tt
o
o
!
Eo
oo
o
a
o
aotc!!
o
l!o
c
o
!o
.!
lo

Eo
F
#
=(,
EI

4
o
2
UJ

seIqEssesEB*shu$]B$Rs
"iqiI==oi.rin d 'ri di ..,i .ictciood.i.i.i

cr,rr P I o trr a() N o F a N .n o o N N .rr r! \r r{Fl qr _:': N O i.o ln O F F O Or Or (o ln N .r € O <l
= "' I S qi qt oi oi qi 6 + ..i .i ci ct ct ct d .i .,i ;

r.. 9 99 ! rn o) € o o ... rrt N Gn r\ tr, o! lo cr rrr (rl rrr(O -: -1 ": (o d q) <l C @ ra Crl (O Ol @ <l Fl O @ tO l,

"j == = 
d FciF 'ri 'ri ryi .i .i .ictcidai .i.i-i

ssP{SEAXssEr+sBB8B88s.i di F I I I P 
= 

F r ; .i c, o o ct ct ct .i .i ct

ro .no N 9P:1 ootro..r(rot rvr Fr i\ N orriGrrn (D F rn -.': -.n -i (\t rt (o F ro o art o o |,) o ct
ryi rri qj oi : : I - F: F: ri ui di .i ci ci o ci''i .yi .,i

.n F .r ra -. r- I S P9 rn O to <t qt d) (o lrr o! N m lrrgr !r \l c|.n \t t -: - F rO N F rt Ot st ra C, C, rn aO
ct -i .t d 

"t 
d : I S oi d'ri di ri .i .i o ci .vi ryi.i

3{AEEsenE+BKBsBsBBbn=
oi I E X P F. di .,i .i 'i .i ci o ct o ct c, c, d ci ci

EqAqlseeBRBsSBSsBBBsr
: : R I :'ri .i ci ct c, ct ct ct d ci ci o o o c, o

srAEtqEq*rbsBEBRBBsR:en I 
= 

I I I I d ui .i i .i .i ci o o ci .i .i .i

siEfrQ:enFBssEhB:BBR$8
": 3 : P g F. rri d d ui di .i ci d ci ci o d .i .i .i

F .n O arr r.- I I 9 lYr rn r\ .rl GD .n .D N N Or rO r{ (p€ Fl r,r a"t (o ":":-O .}1 .nsl OOlOrAdOarlO f\
.,,i rri d .d d 3 5 9 oi F r. * di -i .i ci ci ci .yi $ .i

J

Jzz
tt

oo
rt

oz
a
Fl

(,
o
rt
Ao

tt
r{
E,

taFl
f
=
t?
Fl
t3

t
Ir!
=rt

A

{
G

=
a
!ol!

tl
Et!

J
-S-3Et
"=-

6tulllll
6-l
tttl
6lzl

=lu-l
ol
zl
ol
hl
fl
.ol
Gl
FI
6l
>l
L'Izl
lrllfl
di
url
rl
-l(,l
<t
FIzt
uJl
UI
d.l
lrll
o.l

EO
I\
UIJ
CO

F

=i,"),. Z:: ': E: sr r: 
=
e

I
G,utz
l{
oz

=o<
tt4
FG,
LI
-Lt
],i

=
zo

z

!
l!
ov

E
l!o
Eo
o
no-

CE
J6
eCEi!
., IE:!2!xio-FE:E<:No 6->
f o-
BaoE!ES
?b
>E-o

E
!
E

;
E
o

oco
c,
t
EII

ttSABssnnBsBBSSSSSs=8
3 I R E I F ro { .i .i d ci ct ct d ci ci ci ci ci ci

^ooooooooooooooooooooY;n;++F+{6Et++TBFiT?F+CqgqCCCqqoqCqqqqqqqCq
O F{.\l m $ l,l @ r\ € Oi O Fl N .rl <t tl (O F O O) O

r{ F{ F{ F{ F{ Fl -l d r-l Fl N



N
LN

-go
oY

E
2o
Eo
.g
no-

CE
..cca!.,Jcl
L=

8ir3"8<:N
e 6;5?:96OEaE
!!
:E

=EE

=co
t
oq
oE
t
E

o
t

E
cr
or
*i
o

Eot
.Et

c
0r

lri
N

06

s
ts
(}l
or
ci
o
o
Eo
+.
!s
AJ

,I

o
q,
fi
Eo€

a
C)

o
!
Eo
oo
o
a
o
ao:co
o
oo
Eo
!o
o
.o

Eo€
F-Iult
Eo
z
uJ

i\,n i S $ < r- rn <l ur <t tD (p Ot tO rn (p lo O tO ON Fr ": -: r: |]n u|) oo N (D + tYt t O (O (n d O gt.A.n
n d I I 

= 
oi.d F d { .r;..i .i .i ct ct d ct .i .i .i

-r ur 9 I N o (h F F F o -{ ao F !n N + la m u) t',L,l F r. qi N rr',) F N r\ <l o F or o (D r/) m N la F <t

"i n P 
= 

d d ai oi r. d + ri .i ci ct ct ct ci.i .i ;

ur 99 9 9 t o o lo r. F o sr tt rr o or to N cr o o!l,o-':"1 F{N6dlrn(o <l (ll (O r.o.n (D c{ Cl aO (O (n

"i = 
5 3 qi F qi F'ri'ri ryi.,,i .i .i .i ci o ci .i .i .i

EEAfrinssPSg8888888KPB
I 

= 
5 5 I F'/i c .n .i ci ci ci ci ci ci c, ci ct c, o

RBBfrfrqAEsesps$rBBBhBsr di il 
= 

3 I P 
= 

d (.i .i ct ct c, ct ci c, .i ci d

r\ r\ 6 oo !-! 9 .< .r -r c{ ^r r^ N a o ro c{ tt N aD Gtrro ot m st s: rl O a\| tO N Fr cl l,1 <t d ra an O gt (t r{
.i ni 6 oi S : oi n: d d F d s .i .i d ct d.'i.'i.'i

r^ F. ^r N or r. S 9 E F.r o F o o or.o ln ra r^.r!
OO ri lvl l\ Fl N '-: r. Y - dl l\l F t-l Fl <t .() Itt F{ .l rO
ci .i s ui ", od 

= 
P I 3 d "i'yi d;.i .i o d.'i.ri.i

$&qfr 4sssEssilBBBsssBsR.: 
= 

R N P d.vi.,i .i .i ci ci ct o c, o o ci d ct ct

ssqQHq{qssRh:Kfr N88Bh$
"i "i I S E 

= = 
I qt ui.i .i .i .i ct ci ct ci .i .i cj

co r.. 9l !! $ ro o r. o\ 6 o ro r\ o! N ln N o m F F

"d oi I p * F 6 6 F'ri di .i ct ct o o o d .i .i d

Fr (h o F t 3 9 I F @ rn F Fr o r.o (o t\l (\l o\ ro @ln 6r rrt < .') - v: - r\ N an ol or F ol llt N O F rrt <t
.i'ri ro tri 

"i I 5 3 oi F F .ri .i .i ci o c, o ni .r; .i

^oooooooooooq q C q q q g q q X .i r.i''i + .ri u, F ..t oi d .i
n qtl!? a "? P h 0P q1 

= n f f n I F|r 1r f ?|{ T Iqqqccecqq6gccgqcccqqq
Cl d rt G'l t !n rO F 0O Oi O F{ 6l m <l l,r (I) F OO O) O

F{ rl -{ Fl F{ Fa F{ Fl !.1 -l t!

E

J

lzz
a
c{
(,
oo
rt

oz
arl
o
a
o,o

l'
cl
E

l
l'
ft

tt
C
=
t

t!

=
arl
A

!t

t!

=
a
3ol!

!'

ct!

-S
3'fiuE

o.

9Ff
c

o

I
lrtJ
6
F

|9
oculz
UJ

ctz

=ll--o<
tt4lz,
-lllL .J-
-rJ
tttz

zo
F
z

=_2Elg:r 
=ft j
L

(!
l!
EI
o
Ioott
s

En{4frsansRsb88888BSEB
5 : X N :'ri .i ct o ci d ct ct ct c, ct ct c, c, o ct



WIND RESOURCE ASSESSMENT UNIT

E

I

E

=

10.0

0.o

JAN 14

0 2 4 6 81Ot27416742022
Ime(hours)

10.0 MAR 14
E

=

0.0

o 2 4 6 8 70721476182022
Time (hou6)

5.0
G
5

-4o.0

=

MAY 14

o 2 4 6 8 t0L274t6t82022
Time (hours)

2 JUL 14
E

s
=

0

o 2 4 6 a tot2t4L6ta2022
Time (hours)

10.0 SEP 14

E

0.0

.E

=

5.0 NOV 14
E

s
=

4.O

o 2 4 6 8 LOt2t476LA2022
Ime(hours)

FEB 14

5 .o APR 14
E

s
=

0.0

o 2 4 6 A 10727416142022
'fme (hours)

8.0

6.0

4.0

AUG 14
E

.E
3 0 2 4 5 81O1214L6LA2022

Tme(hours)

ocT 14

o24641O1274!6t82022
lime (hour')

Ero.0
E

DEC 14

.a
3

0.0

o2468!O7274L61a2022
Time (hours)

J0.0

0.0

E

s
3

E

=

5.0

0.0

SE SOR HEIGHT3 som
FIGURE 4: IIEAI{ HOURI-Y WIIID SPEED
(rAItuARY 2014 TO DECEilBER 2014)

JUN 14

0 2 4r9e 
3u0R121416782O22

r0.0

8.0

6.0

E

q

s
=

WItd Rsa ta Aegrrent lrn it
Frnal Rq,t ott ,Urd ,rorribr'rrrrg tutbn at h ikkarram lq Etub. KotAyam Disffi, Ketala

July mlz 53

NATIONAL INSTITUTE OF WIND ENERGY

o 2 4 6 A t0t2t476t82022
Time{hours)

o 2 4 6 8 r0t2r4r6t82022
Time (hours)



1: l NATIONAL INSTITUTE OF WIND ENERGY
WIND RESOURCE ASSESSMENT UNIT

10 0 MAR 14
E

E
3

0.0

0 2 4 6 81072L4t6t42022TmelhouB)

5 .0 MAY 14

E

E
3

0.0

o 2 4 6 A 10127476142022
Iime (ho!rsl

JUL 14

JAN 14

0 2 4 6 8 LOt214t6182022
nme (hours)

SEP 14

FEB 14

APR 14

0 2 4 5 8 tOt2t4t6LA2022
Time (hoursl

8.0 AUG 14
E

q

;

6.0

4.0

ocr 14

E

E
B

E

E

=

E

3

10.0 10.0
E

o 2 4 6 a 107274t6182022
Iime(hours)

o 2 4 6 A 70727476t42022
Time (hours)

.0U0.0

0

s
3

G'
E

E
3

E

.=
3

.0

0.0

5

2

10.0

0.0

0 2 4 6 8 !O1214t6t82022
Iim€ (hours)

o 2 4 6 a 10121416182022
fime (hours)

NOV 14 DEC 1410.0

0.00

Q0-0
E

0 2 4 6 8 ro1274767a2022
Iime (holr6)

o 2 4 6 8 ror2t416l82022
Time (hours)

SENSOR HEIGIIT: 78m
FIGURE 4A: IIEA]I HOURTY WITID SPEED

(TANUARY 2Or4 rO DECEIIBER. 2014)

.E
3

JUN 14

o 2 ar*"?n1,9#1aL6La2o22

10.0

8.0

6.0

E

s
=

,+fu R€9| a/l'ts/rp/rf lrrrtt
flw Raptt ot rlfu,$,rtbt*U Sffiot rt l,nlMrrDm la EfrE, xolbnm DiJffi. Xa'*

,ary Zrz
54

o2468tOL2t4t6tA2022
fime (hoursl

5.0

0.0

E

s
3



-+a_ v
:.i
.ra\ /

NATIONAL INSTITUTE OF WIND ENERGY
WIND RESOURCE ASSESSMENT UNIT

E

=

E

E
3

E

-

E

E
3

E

E

=

^ 10.0

E

E 0.0

=

10.0

0.0

JAN 14 FEB 14

0 2 4 6 8tot214761a2022
Iimc (houn)

0 2 4 f,,naao T 
14 15182022

MAR 14 APR 14

0 2 4 6 8 tOt2L4t6tA2022
Tirle (hol,rs)

o 2 4 6 810121416182022
nm€ (hoori)

MAY 14 JUN 14

6.0

0 2 4 6 810121416182022
Tim. (houri) o 2 4rifuih*#1416t82o22

JUL 14 10.0 AUG 14

0.0

10.0
E

3
0.0

G
E

E

=

€

E
3

E

t
;

E

:

8.0

5.0

0.0

2

0

10.0

0 2 4 6 810121416182022
Iim€ (houRl

0 2 4 6 8 !012L4t61A2022
Iime (ho(r.5)

SEP 14 'l5.0

0.0

e0.0
€
t
E o-o

=

ocT 14

o 2 4 6 8 ,.0121476182022
nm. (ho!6)

NOV 14

0 2 4 6 8 707214167a2022
Time (hour.)

, SE]ISOR HEIGHT: 8Om NORTH
FIGURE 48: ]IIEA]I HOURTY WII{D SPEED

(,Ai{UARY 2014 TO DECEIT|BER 2014)

DEC 14

tJtt d R@{ra ,,gs',t'r,,t lrrrh
Fn-, Rqrt m *rrr.l rrorrlffirg tutbr.t Pt l&tt m 70 &b, XdAnn Dffi, Xcnl,

turt ,, 55

5.O

0.00.0

10.0

0 2 4 6 8 701214L6182022
Time (hou6l

o 2 4 6 8 tO727416782022
Tim€ (hours)

10.0

0.0



NATIONAL INSTITUTE OF WIND ENERGY
WIND RESOURCE ASSESSMENT UNIT

E
!
A
!c
;

E
!,

!!
3

8.00

6.00

4.00

2.00

0.oo

Monthly MGan wlnd Speed(m/r)

EEEEgE=:s'8!g
Months

SENSOR HEIGHT: 5Om

Monthh Mean wlnd Speed(rh/r)

10.00

8.00

6.00

4.00

2.00

0.00

Efg"a$EE:*,*'838

0010.

Months

SE SOR HEIGHT:78m

Moothly Mc.n Wind sp.ed(m/rl

E€!"i9E=a-8'E9E

8.00

5.00

4.00

2.00

0.00

E

6.

!c

=

Months

SENSOR HEIGHT: 8Om

FIGURE 5: T,IOI{THLY iIEAN WIND SPEED
(rar{UARY 2014 TO DECEHBER 2014)

,lt rd ,,,-,r't@ A*r,grt lrrlt
Flrpl Rqrtd ,JM rtot rdlg ot tt P,tMrprn lq ffi. tbaAran lrffi, Xqat

tsD mrz
56



i-, NATIONAL INSTITUTE OF WIND ENERGY
WIND RESOURCE ASSESSMENT UNIT

wind power densMw/m2)

SENSOR HEIGHT: 5Om

\irind power density(Vm')

SENSOR HEIGHT: 78m

wind power d€nsity(w/ml)

00400

300.00

200.00

100.00

0.00

E
i

g
oo

'oA
!
C

=
EE!."9E=:*.s'8EE

Months

E
t
;c
o
io
!c

=
EEg"egS=g,g'8!E

Months

500.00

400.00

300.00

200.00

100.00

0.00

Efg"e$!=:'.s'5!E
Months

SENSOR HEIGHT: 8Om

FIGURE 6I ]IONTHLY IIEAN WIND POWER DENSITY
(JAI|UARY 2014 TO DECEilBER 2Or4)

W't t d R@u te L'5€ryrrcf,tt Un lt
Ftnal Rqrt on Wirrd rloni@ Sbtiot et Palihloram Tq Etu@ Koabyam Dl#4 Kerala

Juty 20rz
57

400.00

3@.00

200.00

1m.00

0.00

E
]

c
o
i
o
!c

=



@
LO

h

t

s

t
s
$

HE>E
:&lo Es i

HEEiE

c=EttrSi

'Hai$E-
r- ts EO EI<cI

nE
sat

a

t:

a

a

I

s

8a

s

=

s

r.

c,4
!gz
ul
oz
H

=lLtso<
P=f lrJ
F-F(J
thz
H
J

=ol-lF
z

:
6

e

t
!

a
B
E

E

*Y



Ol
LO

:d

il

s

ff

3

sh

a

g

-

a
e
c
.!t9EEq>E:$

' EE -iHEI SI
P TE ET

g 

=EE 
BEr

E r Ee iRs

HEEIE-
=E EF 9g EHSsSni

st
E

ii,.,1ii:

B

8i,

3

-

o

E

!;

*

o

s

::i

t

.1r
r;I
1.-',

I

I
c,
UIz
UI
ozt{
=lL F.o<
s2t=
=tuFTF()
o
=t{

zot{F
z

=:
+t

I
L]



o
(o

i'r

5:

8a'

h

E

n

!r

Aa

3

cr

a

a!g
.it

HE>E
E"q

' .Ex-$
EFEiE

eiEr$$i

HEi!E-
EE T, H8E
-<aE

nE
sa
s

o

s

I

3

t

g5

ll

li

o
3
E

e;

E

a
t

6:

lr

t

6

I4
UIz
TI
ozt{
=l!tso<
v=Pg
F(J
ozt{
J
zoHF
z

I
E

i

I
!



NATIONAL INSTITUTE OF WIND ENERGY
WIND RESOURCE ASSESSMENT UNITf{i *

9.00

8.00

7-N

6.00

5.00

4.00

3.00

2.OO

1.00

0.00

+80m
+78m
+50m
-)+ 2Om

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

]IOI{THLY I,IEAN WITTD SPEED
(ranuary 2014 to December 2014)

ProfileWindI
- 80m Avg

- 78m Avg

- 50m Avg* 20m Avg

a
E

aoc
IA
!
E
n
g

C
JaF F6b Mer Apr lllEy Jun Jul Aug s€p llcv Dec

WIN R@ateAry.rrg.rt lrnlt
Frn l Rqrt on Wlrrd Eonibrirrg 5ffifl at hrfifrarram |ea EhE, KotAyan Diffi, Keob

tury mrz
51



NATIONAL INSTITUTE OF WIND ENERGY
WIND RESOURCE ASSESSMENT UNIT

3

- 7Em Avg

- !,0m avg

- anm av9

t
I

EI

t
,o 12

!
I

010

lloIr ol Dry

FIGURE 8: IIOIITHLY WII{D SPEED AtD DAILY WIIID SPEED - PULIXI(AIIAIII
(ranuary 2014 b lrecember 2Of4)

oa

oa

05

a0!

tt
l

I

- S.,
ocl

Profile

FIGURE 10: trlOl{THLY WII{D SHEAR- PULII(XA1{Ai,|
(ranuary 2014 b Decembcr 2014)

,lrd R@qraAsrsrtltnlt
FmalRqrtmlONrlon @Sffit dP,rfituDmTa &b. KoaAWn M X*ab

tult 2OD 62

c

llry

FIGURE 9: DAILY WIIID SHEAR-PULIXIGilAil
(ranuary 2014 to D€Gembs 2014)

l



NATIONAL INSTITUTE OF WIND ENERGY
WIND RESOURCE ASSESSMENT UNIT

E

3.c

2
I

- L.q bw ll

Turbulence .t80m

m.h rhnd Sr.cd lnJr)

FIGURE l1i VERTICALWIND SHEAR- PULII(AI{AIII
(lanuary 2014 b December 2014)

2I
I

3a

c2

ci

E.
E

E

i:
i..

1

r'

63

JYInd Rce{/,,eA5s55rrertUnit
F ral Rqrt o,t t1ltd rtoni@ Sbtiorr at R lil*anam l@ ffiE KotAnm Disbri*, Kdab

,uly 21t77

1l



.-i

lils

NATIONAL INSTITUTE OF WIND ENERGY
WIND RESOURCE ASSESSMENT UNIT

*
E;
I!

0.5

0.45

0.4

0.35

0.3

0.25

0.2

0.15

0.1

0.05

0

7 2 3 4 5 6 7 8 910 11 12 13 14 151617 18 1920

FIGURE 12: TURBUTAilCE I]|TET{SITY - PULIKI(AIIATII
(ranuary 2014 to December 2014)

lXIttt R6g?ure.s,rart lt rft
F Dal Rqport m afin, Hootbtirrg Sdot rt htlifrrrm le,E',,q r(ey.t, M, Kcnb

tuly mrz 64

3

+Seriesl

Ir



NATIONAL IilSTITUTE WIND ENERGY
CHENNAI

ffA ilffiE

Annexure -2

Site Photographs

lrtnd R€$uellwt,€,rtUait
ilatbrpl rrffi'atb d lfrtrd EDeryy, Chqtpi

t tly 2077
55



:o
h8
!b r

BtsI

tHE
E E.O

E

o*o+{
99

jj
!, 'E
tE6
AE

o
:Eo
ao
IE
olI
o!,
t
G
Eo!
=f
A,
o
r
lE

Olo
o
E
oo
3
oto
th
na

o

I
al

t-
N

\o
\o

L-



NATIONAL INSTITUTE WIND ENERGY
CHEl{NAI

fft urvr

Annexure-3

Calibration Repofts

Wlnd R€g.ut@ Awrrcrrt Unlt
ilrdorpl IrBdarE dlYlrrd E rqgy, drerrrpi

tdymtT
68



Syend Ole Hansen ApS ^4.v
WIND
ENGINEERING
FLUID
DYNAMICS

scr JaRGENS ALLE 7. DK-l61s KoBENHAVN v. DENMABK

TEL: (+45) 33 25 38 38 . FAX: (+45) 33 25 3a 39 . WWW.SOHANSEN.DK

Certilicrte trurbcr! I 1.02.0879 Ihtc of isuc: Fehuary 7, 201 I

Typc: NRG /t4O Scrhl nmrbcr: 179500166128

Mudrcturer: NRG Systcmq I l0 Cfim€f,ce Sned, Hircsburg, Vemoot 0546t, USA

Ctfurt: NRG Systems, Inc., I l0 Riggs Rood, Hinesburg, VT 05116l, USA

ADCmoDGter rctCftEd: Decembcr 16, 2010 ADeDoDter ctXbrrtad: Fcbnury 7, 201 I

Crlibrrted b',: m CdiDntbn proccdurc: tEC 6l4OG.l2-1, MEASNSr

Cc lac.tc p]tprt.td by: jsa Approrrd by; Cslitratim cnginca, sob

ctflbrrtiotr cqurtlo nbtelncd: v [mrs] = a .75947 - f tla.l+ O.2g65t ti-- 
't' C4" 'X^-"'-

Strldrd rrcertdDty, tloDc: 0.mt09 St .dl]d urctrtrlrty, ofir.t: 0.038?8

Corrrirnct: -0.00flDE9 (mlsEfilz Ccffidflt of corr.lrtion: p = 6.94t9t9t93

Ab$lutc rlldDrr dcvhdon: -0.026 m/s a! !4207 rds

BrrotEtric pre$uret 1008.4 hPa R.lrtive hunlditv: 20.3%

Succe$sim Velcity
pl168urq q.

lPaI

Tmperannc in WiDd

wind hDttcl cotsol rom vclcity, v
fcl t'cl [ds]

Dcvirtio, frnccrtsinty

d. r+ 0r=2)

lm/sl tn/s1

FrequcncT,

L

u,zl

4

6

t
t0
12

l3-Iasr

u
9

5

3

l-flst

2r.2

23.2

23.2

23.2

23.t
23.1

23.l

23.1

21.2

23.2

23.2

23.2

23.3

4.109

5.078

6.108

7.t22
8.147

9.t49
10.172

I I.l s4

12.t92

13.201

14.207

t5.223

t6.279

0.028

0.032

0.03?

0.043

0.049

0.054

0.060

0.066

0.072

0.078

0.0t4
0.090

0.096

9.70

14.t3

2t.47

29.20

38.22

48.2t

59.61

7t.66

85.59

tm.30
I l6.l I

t33.24

t52.25

5.0461

6.2965

7.66.39

E.977 t

t0.3416

| 1.6293

12.9715

t4.2't85

t5.6558

17.0003

1E.3506

19.6613

21.M24
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III
IIIII E

E
0

{
6 t2 t8

Frcqucncy, f. [iz]
24 0 6 t2 r8

Frequency, f [Hz]

CAL Reg nr 4J2

Ac6.ditadon to ISO 1i025

0

PoSc I of2

24

CERTIFICATE FOR CALIBRATION OF CUP ANEMOMETER
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EQUIPMENT USED

Serial numbgr DcscriptioD

t 256

Bqlnda'y lal€I wind nmnd.

Cqrtol cup aneiD@etsr.

MomtiDg tube, D: 25 mm

PTl00 tempaahne senstr, wind trmncl.

PTl00 tempEature s€nstr, corltrol rootn.

Prc500 FurDess Fessl[e mallo,netcr

HMWTI U Humidity tsansrittct

PTBI o0Avaissla snalo$E bqotneler.

Pitd tube

C-@rpul€r Bcrd 16 bit A/D d,rta acquisitio berd.

PC dedicated to dsaa scquisilion.

Traceable calibratioos of the equipmetrt are caried od by cxtemal accredited insitutios: Fumess @PC500)
and Saab Metect. A real-rime aMlysis module within fie data 8(4uisilio soffwarc ddecrs Pulse frequeDcy.

Photo ofa cup anernometer in the wind hmnel. The drown anemomeie, is oflhe same type as ore calih,rated me.

UNGERTAINTIES

The daumented uc€nainty is the totsl combincd unccnsinty al 95% confidence lcvet ft=2) in accmdance

with EA-4i02. Tbe uncenainty 8t lo Er,s comply with thc requiremcnls iD the MEASNET procedure lhat

prescribes an abEolule mcerainty lcss than 0.1 m/s at a mean wind velocity of l0 m/s, lhat is l%' See

Docurllctrt 97.00.004 "MEASNET - Tcst rcpofl @ lbe calibratim calrpaign" for ftrther details.

Certillc.te Dumberr I 1.02.0879

rl
a
9904031

x4650038

x4350042

Pu
00t 551

This c.nifc.l. Illua hol bc rtFDdrcc4 .xccrl io full. wilbdn th.. .otal ofs O. Haff.n ApS Pag. 2 of2
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Svend Ole Hansen ApS ../l\.v WND
ENGINEERING
FLUID
DYNAIIICS

scr. JoBGENS ALLE 7 . DK-i615 KoBENHA\al v . DENMARK

TEL: (+45) 33 25 38 3a . FAX: (+45) 33 25 38 39 . trylTVI r.SOHANSEN.DK

CERTIFICATE FOR CALIBRATION OF CUP ANEMOMETER

Certificrt trlmbcr: 11.02.0881 D.tc ofirsuc: Fcbrusy 7,20ll
Type: NRG ll40 Scrtd DuDb.r! 179500166130

Mrlldrcturlr: NRG SlBtrrns, I l0 C6lm€|rce SEe€t, Hincsburg, Vermor 05461, USA

Clietrt: NRG S),stems, Inc., I l0 Riggs Road, Hincsburg, vT 05461, USA

AtrcDoret€r r.c.fi.rd: Docca$q t5, 2010 Ar.[octrr ctlbtrrtcd; Fcbnny 7, 201I

Crlibr.tld by: m Cdibr.dor procrrtur.: IEC 611100-12-1, MEASNET

Ccrti6.rtc prrpmd by: jsa Approrcd by: Catihcifi agiDcs, soh

c.tibr.do. lq[idor obrrhcd: v [nr/s] = 0 .7fft8.f lta,! + o.2t547 ti'^-l (f" '\L-''^
Studerd urccrtrinty, slope 0.@l 13 Strodrrd mccrtdnty, ofit t: O.(N342

CoyrrhDcc:-0.fiXxxD6(m/sF/1lz C.cf,lclctrtofcorrcletion:p=0.99993

Abrolptc uimur dcvlrtlor: -0.039 ds al l42M ds

Brron .tric preEsurc: 1009.0 hPa Relrtiv. hun ditv: 20.20%

Succession Velocity

Fessrre, q

tPal

Frcquency,

f.

tHzl

Ilviatim,
d

ln/sl

t ncarlainty

n (L--2)

tn/sl

Tempcratue in WiDd

witrd trDnel contol rom veleity, v

t"cl fcl [o/s]
2

4

6

8

l0
t2

l3last
u
9

?

5

3

I-first

9.63

14.95

21.54

29.r1

38.30

4t.t't
60.09

71.76

85.56

r00.33

I l6.l I
133.63

151.45

3t.3
31.2

3 t.l
31.0

30.9

30.8

30.t
30.9

30.9

31.0

31.2

31.3

3t.5

21.2

23.2

23.2

23.2

23.2

23.1

23.1

23.2

23.2

23.2

23.2

23.2

23.3

4.W2

5.O91

6.1r8

7.134

8.t53

9.143

r0.2t I
I l.l6t)
12. ! 8E

t3.20t

14.2M

ts.24l
16.212

s-ffi77

6.3298

7.6793

9.0227

10.3590

tt.67l1
r3.0660

14,2903

t5.6398

16.9920

18.3599

t9.659r

20.9492

0.007

0.(xb
0.000

{.0(b
-0.003

{.012
-0.00s

0.013

0.0r4
-0.001

-0.039

0.009

0.0t 9

0.028

0.032

0.037

0.043

0.M9
0.054

0.060

0.066

o.o72

0.078

0.084

0.090

0.096

/IIIII
II

0

;
E
'Ei

o

E
-0. t

0 12

FrEquercy, f [Hzl
21 612 lE

FEquency, f. [tlz]
6 t8

P.8c I ofz

240

& onrrrnr
CAI- Rlr.tr 452

Ac(,.dirttior.o ISO 17025



EQUIPMENT USED

Serial number Descriptim

r 256

Bomday lalq wind rlrrnel.

CoDEol cup eernorcter.

Mormthg tube, D = 25 mm

PTIOO ternp€rahre sqlsq, wind h.nncl.

PTt00 tempcrailc scnss, control roorD.

PPC500 Frmess Fcssltre nanorDeter

HMWTIU Humidity transmittd

PTBI o0Avsisala alalogu€ borcrnelet.

Pitot tube

Cqnputcr Bard 16 bit A/D dats EcquiEitio bord.

PC drdic8tcd to dsta acquisitior.

Traceable calibratisrs of the Equipm@t are carried out by exle'nal accredited inslifutios: FurDess (PPC500)

and Saab M€reci. A rcal-rime analysis module within the data rcquisiti@ soflware dctecls pulse frequency.

Photo ofa cup anernqneter in the wird tunncl- The shown anemornets is ofthe same type as lhe calibrat€d (,le.

UNCERTAINTIES

The docrmNntod utrcertaitrty is the totsl combi[ed uncertairty at 95% confideDce level (k:2) in accqdalce

witb EA-4/02. The uncenainty st l0 rn/s conply with the requLem€tfs in tbc MEASNET Focedure rhrt

prescribes an absolutc uocertainty less than 0.1 o/s at a mean wiod velocity of l0 rn/s, fiar is l%. See

Documert 97.00.004 'MEASNET - Tesr r€pod (,l lhe calibrsrim csmpaign" for firther details.

Certlficrte number: I 1.02.0881

rl
a
9904031

X,1650O38

x4350042

Pll
001551

This c.iific.l. mud not h. r.prodrcG4 crccpl in tull. wilhoul ah. lPP(otrl of S. O. H!n6.n ApS ?a2.2 of2
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^/l\.vSvend Ole Hansen ApS WND
ENGINEEFING
FLUID
DYNAMICS

scT. JaRGENS ALLE 7. DK,161s KaBENHAVN v. DENMARK

TEL (+4s) 33 25 38 38 . FAX (+45) 33 25 38 39 . WWW.SoHANSEN.DK

CERTIFICATE FOR CALIBRATION OF CUP ANEMOMETER

Ccrtificrte Durber: I I .02.0882 lrrte of l3s.e: February 7, 20 I I

Tt?c: NRG tHO Serid oumber: 1 79500 1 66 1 3 1

Mrtrdrcturer: NRG Syst€mq I l0 Commace Steet, Hinesbug, Vermot 05461, USA

Clic : NRG Systems, Inc., I l0 Riggs Rmd, Einesburg, VT 05461, USA

Aremmetcr rca€ivad: Decernbcr 16, 2010 Arcmomctar crf,brrlcd: Fdrua'y 7, 201I

Cdibrrtcd by: ru Cdlbrrdor procldEtr IEC 6!,{X}.12-1, MEASNEr

Certificrt prEprrcd by: jsa ApDrovcd by: Calibratio cnghea, soh

cslibrrdm csrdo oDtrlncd: v[rvs]=O:t6tt'tf . 1H1+ 027+;5 
q"'-b- 

^ 
e ( )G- r-

Strdrrd uc.rad y, rh0c: 0.0m7E St Ddrrd Eclrtritray, ofkrt: 0.02996

Cortrirrce {.q)0fi}45 (nlsYl:lz CcfiIclcrt of corrdrtiorl p=O.999997

Abrolutc mdnrm dcvhtlon: 4.017 m/s at 16.248 m/s

Brrorrctric prcrru'c: 1009.6 hPa Reletive humldlty: 20. lolo

Succession Vdcity
prc8slre, q

lP.l

Tqeranre in wid
wind hmel cmlrol rmm velocity, v

fcl fcl [n/sl

Dcviatim, t ncqtainty
d. q 0r2)

Frequeocy,

f
tllzl lm/sl [E/s

9.73

15.12

21.64

29.11

38.t4
/r8.45

59.73

7t.73

65.42

l@.44

116.6't

133.85

t5l.7E

4.t12
s.125

6.130

7.108

E.t 34

9.167

10.l7E

I t.154

t2.t'75

13.204

14.235

15.252

t6.248

5.(X{X

6.3809

7.6865

8.9760

10.1369

lt.1on
13.0342

14.303?

15.62v2

rc.n82
t 8.3359

19.6E39

21.020D

0.003

{.004
0.@t
0.005

-o_fix
-0.014

-0.0t3

4.002
0.0t0
0.014

0.0t 2

0.003

{.017

0.028

0.032

0.037

0.M3

O.(xE

0.054

0.060

0-066

o.o't2

0.078

0.084

0.090

0.096

3t.4
31.3

3l.l
31.0

30.9

30.9

30.E

30.9

31.0

3l. t

3t.2
31.3

31.6

23.2

23.3

23.4

23.5

23.5

23.6

23.6

23.6

23.5

21.4

23.3

21.2

23.3

/IIIII IIIII o
-0

0 14t2
Frcquency, t [Ilz]

6 t2 r8
Frequency, f. filzl

s&
CAI- R.8 nr 452

6 r8

Ac.a.diralion ro lso 17025

P.g. I of2

2
4
6

t
l0
t2

l3-luc
ll
9

7

5

3

l-frsl
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EQUIPMENT USED

Serial rrumb€r Dcscriplion

1256

Boundary lapr wind tunnel.

Control ctp au€Dometet.

Mouting tube, D = 25 mm

PT l0o tempaamre sosor. wind tr.rnnel.

PTloo temp€ratwe s€[so[, contol room.

PPC500 Fumess pressute manorneter

HMWTI U Humidity frarsmitt€r

PTBI00AVaisala aoalogue barometer.

Pitot tube

C@put€r Boord l6 bit A/D data acquisition board.

PC dedicated !o data acquisition.

rl
t2

904031

x4650038

x4350042

Pll
00t 551

Traceable calibrations of $e equiprnmt are carried our by extemal accredited iostitutims: Furness (PPC500)

and saab Mstech. A real-time anallsis module within &e d8ta acquisition soflwate detects pulse &equency.

photo ofa cup ansnometer in the wind tunnel. The shown anemometg is ofthe same t)?e as lhe calibrated qre.

UNCERTAINTIES

The documented tltrcertaitrty is the toral combined mcertainty at 9570 confid€oce level ft=2) in accordarce

wirh EA4/02. Tlre uoceaainty at l0 m,/s comply with the requirements in the MEASNET prccedue that

prescrib€s an absotute uncstainry less than 0.1 m/s al a mean wind vel<rciry of l0 m,/s, that is l%. See

Document 97.00.004 "MEASNET - Telt repql on lhe calibr8tion campaigD" for fi.trther details.

Certilicate lumberr I 1.02.0882

This cerrifcat rousr nol be r€pmdrccd crc€pa in ftll, wiliout th€ iproval ofs. O. Hiis€n ApS Pr8€ 2 of2
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Svend Ole Hansen ApS ^4.v WIND
ENGINEERING
FLUID

DYNAMICS
scr. JoRGENS ALLE 7 . DK-r61s KoBENllAvt\ v . oENMARK

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

CERTIFICATE FOR CALIBRATION OF CUP ANEMOMETER

Ccrtificele number: I 1.02.(D01 Drtc of irte: Fchuary 9, 201 I

Typc: NRG /l4o Scrid rurbcr; 179500166132

Mur .cture r; NRG SyrtetDs, I I 0 Commcrc€ Stre.t, Hitrctug, Vamont 05,16 I , USA

Clienl: NRG Syslems, hc., t t0 Riggs Road, Hin*hrg, VT 05,161, USA

ADGmDctcT rccdtrcd: Deceober 16, 2010 AncDorelcr crlbrlaed: Fcbrusy t, 201 I

cdtbrrtd by: bja Cr[brrtLi procedure: IEC 6140O.12-t, MEASNET

C.rtficrtc pnprred by: js8 Approwd by: Crlibatio aginctr, soh

crfbrdoo .{udoo dtrtncd: v [m/s] = 0.759E7 . f []tzl + 0.37450 &4J (Q \t*'z-

StJrd.rd Emcrtdtrty, rlopc: 0.m091 $[drrd um.rtdrtyt otr3cl: 0.0262t

Covrrirncq -0.00qxb5 (mlafll{a Ccfrclcrt of corrdrdoor p=0.999o95

Ab$lrtc tnrrimrr dcvhfitr: -0.@0 m/s at 4.10,6 m/s

Brronrctric prcsrure: 1012.9 hPa Relrtive bumidity: 22.5%

Succcssion Vdocity

PI€$ue, q.

tP4

Tcmpersttrc in Witld
witrd tunncl c@trd room rrclaity, r'.

Frcqu€ncf, Deviatio,
fd.

t acslabty
u. (L-2)

rcl rcl m/s m/s

ll
9

7

5

3

-firrt

z

4
6

8

l0
t2

l3-lEst

9.t9
t5.31

2t.E2

29.77

3t.90
49.05

60.t0
13.O2

87.06

t01.98

I 17.90

r 35.9r

154.19

26.7

26.6

26.5

26.5

26.4

26.4

26.4

26.4

26.5

26.5

26.6

26.7

26.9

23.9

23.9

23.9

23.8

23.8

23.7

21.'t

73.8

23.8

23.8

23.9

23.9

23.9

4.106

5.108

6.096

7.t20
E.t39

9. r39

l0.l7s
I t.l5l
t2.t16
t3.180

14.174

t 5.219

t6.248

4.9359

6.2309

7.5186

t.8776
t0.2tt2
tt.5392
12.8819

14.1584

15.50t7

t6.87 5'1

18.1789

19.53,m

20.8961

-0.020

-0.00!

0.009

0.000

0.fix
-0.004

0.0r 2

0.018

0.017

-0.017

{.014
0.001
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EQUIPMENT USED

Serial number Description

ll
t2

99t14031

x4650038

x4350042

Pll
001551

t256

Boutrdry l8Fr wind tunncl.

C@Eol cup anernorneter.

Mo.urting tube, D = 25 mm

PTl00 rqnp€ratuc ssrsot, wind lunnel.

ml00 td[prratur€ srnsor, coriol rom.
PPC5oO Furness pres$re rDeottrcter

HMWTIU lftmidity tratrsnittq

PTBl00AVaisala aoalogue baqnctcr.

Pirot tubc

Cmpurlr Berd ! 6 bit ArD dala acquisition board

rc d€dicaEd !o dEta sc{uisitior.

Traceablc calitratims of Oe equipmeot are carried out by ex&rDal accredited institltiolt: Furnc&s (PPC5oO)

and Saab Melecb. A real-{ime anal}sis Dodula within lhc dala .c4ui6ition sonlr?Ie detects pdse &cquetrcy.

Photo ofa cup uernometer in the wind tuurel. The shown anemomaer is ofthc same lpe as the calibrated ale

The docum€nted utrconaiDty is the tolal conlbitred uccnainty 8t 95% coDfidcnce levd (k=2) tt accordance

with EA-4i02. The unc€rrainty at l0 m/s cornply with the requtements in the MEASNET procedure thsr

prescribes al absolule unccnainty less than 0.1 r s 8t a mea! wind velocity of l0 m/s, rhst is !%. See

Documenr 97.00.004 "MEASNET - Test reporl on lhe calibrstim campaign" for frrrtha details'

Certilicate trumb€r: I 1.02.0901

This ccnif.rk mun l,ol b. repmAl.ri. .xc(?t in full. wilhort Uc rpPrortl of S. O. Hatrs.D APS P0.g.z ol2
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