
REPORT ON MICROSITING FOR WIND FARM

PROJECTS AT RAMAKKALMEDU & PUSHPAKANDAM
IN IDUKKI DISTRICT, KERAI.A

Proiect funded bY

egency fior Non convenlionol Energy & Rurql Technology (ANERT),

ThiruvononthoPurom

c-wET I

An ISO 9001:2000 Organisation

WIND RESOURCE ASSESSMENT UNIT

Chennoi 601 3O2
March 2005



c-wET/vvRA/cP-20l2004-0 5

REPORT ON MICROSITING FOR WIND FARM

PROJECTS AT RAMAKKALMEDU & PUSHPAKANDAM,
IN IDUKKI DISTRICT, KERALA

FINAL REPORT
Projecl funded bY

Agency for Non Convenfionol Energy & Rurol Technology (ANERT),

ThiruvononthoPurom

ETt..I
An ISO 9001:2000 Organisation

WIND RESOURCE ASSESSMENT UNIT
CENTRE FOR WIND ENERGY TECHNOLGY ( C-WET)

Chennai 601302
March 2005



CENTRE FOR WIND ENERGY TECHNOLOGY, CHENNAI

C-WET

An ISO 9001:2000 Orgonisotion

EXECUTIVE SUMMARY

Y & Rurol TechnologY (ANERI/

/ANERTI2OO5 doted: 13-01-05 hos

Romokkolmedu ond PushPokondom
s undedoken this work ond corried out

the micrositing in time ond prepored lhe report'

The wind dato used for the energy esfimofion wos generoted af the sile by

lhis Centre during the period 1992-95

The Wind Aflos Anolysis ond Applicotion Progrom (WAsP 8'l) model wos used

for the ono/ysis of wind resources ond'esfim otion of onnuol energY production in the

proposed wind form sites.

The conlour mops of both the sites with on intervol of 2 m were provided by

the AgencY.

TheC-4ETpersonne/o|ongwithMlsANERIondM/sEMC
Thiruvononthapurom teom hove visrteo rhe site for the ground trulh verificotion .

Bosed on lhe ovoitobility of tond, micrositing hove been carried'out' The client hos

provided power curves of the mochines

Ihe tolo/ insiolloble copocity is found to be 5 MW ond 3'75 MW with 1250 kw

ond 750 kW mochines respe ctively of Romokkolmedu site ond 2.5 MW ond l '5 MW

of Puspokondom. Ihe Sulopparo ridge in
provided /ogistics ond other infrostructures o

Unit Chief (i/c)
Wind Resource Assessment Unit'
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REPORT ON MICROSITING FOR WIND FARM PROJECT IN

RAMAKKALMEDU & PUSHPAKANDAM, IN IDUKKI DISTRICT'
KERALA

L0- Baclground of the Proiect

Ag*"y for Non Conventional Energy & Rural Technology (ANERT)

esrablished by GovL of Keral,a , vide letter no. PD/WPC/ANERT /2005 dated: 13-

m45 has requested. c-wET to conduct micrositing at two locations in

namakkalmedu and Pushpakandam area in Idukki district of Kerala ' A proposal

wc lEepared for undertaking the micrositing and sent to ANERT on 17'01'2005'

subseqpenfly ANERT issued a work ordet, vide their order No'

5330(a)/P/ANERT/M dated 25 41-05. The client has provided required inputs for

the proposed work. The map fiIe of Pushpakandam was made available on 1142-

05.

The site was visite d. on27h & 28r' of fanuary 2005 by C-WET official

for field verification along wiflr the representatives of M/s ANERT and EMC '

ThiruvananthaPuram-

2J. Site locations and Description

The proposed wind. farm locations under consideration are two separate

pieces of land. in Ramakkalmed.u and Pushpakandam area and are 7 km aerially

and, 12 km by road from Ned.umkandam town towards east and north east

direction. The distance between the two locations is 2.5 km'. The proposed wind

farm area in Ramakkalmedu is a 1 km long narrow , uneven L - shaped ridge with

half of the orientation exactly east - west and rest being north- south' The Kerala -

Tamilnadu border line divides the ridge equally and it confines the utilization of

lands for wind power projects. The average elevation of the ridge top is found to

be 1OS m. The elevation difference between the highest and the lowest point

glye. in the contour map is 160m . A tarred road is available up to the foot of the

rid.ge at the southern side. The ridge toP is open in appearance with boulders and

grass in between.
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The location at Puspakandam area is one of the highest ridges in the

Ifestern ghab.. The ridge is a 1.5 km long narrow uneven ridge with sharp slopes

on both the sides and the orientation is roughly east - west The maximum

elevation of the ridge is about L428n.at the eastern end and the minimum is 1058m

at the wesl A jeepable road is available up to the southern side foot of the ridge

but there is no proper accessibility to the top of the ridge.

The hrrain details of the site can be seen in the Survey of trdia 1: 50,000

scale Topo-Map no.58c/1, grid C3. No: 588/8.

2.2. Wind Data acquisition

The wind measurements were made at a height of 20 m a.g.l. at

Ramakkalmedu site. Mean wind speeds were measured using NRG #40 maximum

cuP anemometers, recording consecutive 60-nrinute averages and 2+ gust speeds.

The NRG #200 wind vanes recorded the instantaneous wind direction. The data

were collected using Second wind data storage units over a period of about 3years

from January1992 to December 1995.

Details of Ramakkalmedu wind-monitoring Station is grven in table.1.
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Table.l.Details of Ramakkalmedu wind monitoring Station

1. NAME OF THE SITE I Ramakkatmedu
Iattitude/ Longitude/Elevation | 9049 .967' /ZZo t4.4g2'/1070 m

Toposheet NO. | 58c/1
2. sl ATE/DIsrRIcr/.TALUK/ | Kerata/Idukki/udumbachola/parathode

VILLAGE
3. APPROACH DETAILS/ | About 14 km from Nedumkandam town. An
ACCESSIBILITY I approach Road is available from Nedumkandam to

Ramakkalmedu. Mastwas located atop of a ridge.
Hilly terrain/ Complex

4. NATURE OF TERRAIN I Open appearance
S.DGOSURE I Forest loam
6. TYPE OF SOIL I t}SZJantary-7995December
7. PERIOD OF DATA I Second Wind
INSTRUMENTS USED I zO m

. MAST HEIGHT | 10m and 20 m level
O. LEVELS OF OBSERVATION
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The Ramakkalmedu wind mast is located over a ridge at a height of L070 m

(GPS Value) above meiu:l sea level and at a distance of L km from Ramakkalmedu

village. The orientation of the ridge is North- South. The entire area is with an

open appearance. The map depicting the Region of Interest in Idukki District is

shown in fig. L and the map of the Region of Interest is given nhg2.
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Eig.2 Map of Proposed Wind farm sites
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23.windCharacteristicsatRamakkalmeduwindMonitoringStation

Themaximumandminimummonthlymeanwindspeedsobservedat20M

level were 13.04m/s in June and 4.96m/sec in April' The annual average wind

speed at the site is 8-41 m/sat 20 m level and it is one of the highest annual mean

windspeedobsewed'inthecountry'Themeanpowerlawindexisfoundtobe

either zero or negative which indicates the influence of terrain induced flow

distributions at levels especially during south west monsoon months' During

winter montfu the winds are following the general trend of variations with height

though is marginal. The relative changes in the uPpel and the lower levels are not

significantly l,arge. The area is found to have very strong winds at least for 10

months in an year and zero or negative Powel Law ind'ex which cannot yield any

conclusion on vertical wind profile'

Theannualmeanwind.powerdmsityisfoundtobe546W/m2at20m

level Out of the 12 months, except April ,the wind' speeds are found to be in the

range of.6.94 to 14.5 m/secs. A few more wind monitoring stations such as

perampukettimedu, sakkulathumedu, Kail,asamed'u and Kulathummedu wefe

established in the vicinity of region of interst and all these stations have shown

strong wind as shown by the Ramakkalmed'u' One of the striking features noticed

is that winds are generally decreasing as one goes towards west' The maximum

wind pressure is felt close to the points, which abrupt$ ends with steep

escarpment in the eastern side It is also observed that the wind speed is al4lost

constant throughout the Year'

Thegraph(Fig..3)ind,icates,interannualvariationsofwindPowerdepsity

for the years :1992, 1993,1994 and 1995. There were slight variations in wind

power density butwithin the limit'
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Fig..3lnter annual oaiations of wind speed

RAMAKKALMEDU .WP D.1 991 - 1 995
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Apart from the distribution of the wind speed ovef a day or a year, it is

important to know the number of hours per day or per year during which

n
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. Fig .6 a .Histogram of annwl zoind speed and fittedWefuull distrfuution curae ' b

wind direciion rose diagram is shozan in figure b '

the given wind speed occuffed i.e. frequency distribution of wind speed' Sector

F req uency ili strib u ti o n

wise annual frequency distribution of the site is given

annual wind speed and fitted weibull distribution curve

and wind direction rose diagram is shown in figure.6b.

b

in table.2.

is given in

Wind rose

Histogram of

the figure 6 a

indicates that

v 6
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th pedminmt wind direction is west (32%) during south west monsoon and
mr|henst G8f ) during north east monsoon periods.

SW

Table.2 Annualfrequency distrfuution of uinit speed at Ramaykalmrdu

3.0 Methodology

wind Atlas Analysis and Application program (wAsp) is a pC program
developed by the wind Energy and Atmospheric physics Deparhenf Riso
National Laboratory, Denmark that is used extensively to estimate wind energy
resources. The program can generalize a long-term meteorological data series at a
(reference) site and may then be used to estimate conditions at a second

7
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Itlfl- eralisation

is proced'ure, which corrects the measured data

ct the reference site (met' station)' but is not

eralised data are stored' in the Atlas file which

rse Process of the WAsP Application procedure

wind speeds and wind energy at a second

s a wind turbine site"

ind' atlas methodolog'y was used for the analysis

area.

tions.Inviewofthepracticallimitations

, it is recommended that ProPer use of the

which may have low, smooth hills of small to

ntly gentle slopes for areas of flow separation to

ind turbine siting, WA'P allows for modelling

rrain inhomogeneities, sheltering obstacles and

re identification of such complexities are very

AsP results. In order to apply the modelling

results, it is essential to carry out a computation

known as Ruggedness Index (RIX) Analysis. The value of the index defined above

will of course depend on the size of.the area, the radius and the threshold slope'

TheEuropeanWindAtlaspreparedwithdrehelpofWAsPindicatesthat

the prediction may differ up to + / -L5% or more'

4.0 Wind Resource Assessment at the proposed site'

In order to predict the wind characteristics at some points other than

the point of observation, terrain characteristics of extended area are to be taken in to

account. The drawing was then prepared' to extract the orographic and roughness

models for the area of interest'

E
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The vecbrised contour maps of the region of interest with 2 m interval were

prorided by the client and the same was used for the assessment. Actual details of

the terrain characteristics were collected during the visit to the site and its

surroundings. A regional wind atlas oI 20*20 sq.km area around the

Ramakkalmedu wind monitoring station on 20 m contour map was prepared and

correlated with results of region of interest Roughness of the site is taken as 0.03m-

The wind atlas contains data for 4 reference roughness lengths (0.000 m,

0.030 m,0.100 m,0.400 m) and 5 reference heights (1-0 m, 25 m,50 m,100 m,200 m)

above ground level and giverr in the table 3. Isometric views of the proposed sites

are giverr in figures 7 and 8.

|a11 _1T 9 ! _ l--3_a r_q m etg r9

10.0 m

.9

.11

.25
161

.1

.2t

.27
64

I

I

.5

.o4

.02
4

I

I

Table 3. Regional anind climate suffiffiary futithott air ilensity conection)
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Eig 7 An isometric c aiern of the proposeil site at Ramakkalmeilu

s=aE.

Eig8AnisometrcaiezaoftheproposeilsiteatPushpakan.ilam

5.0. Micrositing & Lay out of Wind Farm'

Micrositing of wind farm in complex terrain remains a formidable task

subject to potential$ significant elfor' Ramakkalmedu and Pushpakandam areas

are a typical examples of such a complex terrain with multiple peaks and saddles'

Foraglvenwindcondition,anypeakcanbeeitherupwindordownwindof

another peak, complicating the matter of which peak influences other downwind

peaks or valleys. hr fact a detailed study would be necessary to evaluate specific

\
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peak sites or valley locations for effective wind power utilization. This would

re$fte lcnowledge of the regional wind climatology and all other relevant

metnorological conditions. Muny existing micrositing tools can address certain of

the issues surrounding such a siting evaluation, but most tools would be

inadequate in exploring fte effects of flow separation and reattachment in the

regions with extreme terrain geometry. Because of these uncertainties Sulappara

ridge was excluded from wind farming activities in the micro survey study..

However possible locations of wind turbines have been marked without any

annual energy prediction.

In generaf a wind farm consists of wind turbines, which are often installed,

in rows perpendicular to the predominant wind direction. Positioning of Wind

turbines need carefut lay out to ensure that individual machines do not affect

significantly each others access to wind. A Wind turbine during its operation sheds

a conical wake in the down wind direction. Any wind turbine installed in this

wake produces lesser power and experiences higher turbulences and thus proper

lay out for wind turbines is crucial in a wind farm. As a rule of tliumb, turbines in

wind farms on flat terrain are usually spaced somewhere between 3 and 5

diameters apart in the direction perpendicular b the prevailifrS winds. However

in complex terrain, individual sites need to be carefully evaluatdfiL make bestuse

of wind resource as this spacing have to be carefully worked ooL on a case-to-case

basis.

The predominant wind direction at Ramakkalmedu is west Orientation of

the proposed site is east - west and it limits the number of machines that can be

deployed. However the maximum number of machines have been accommodated

in the fust row of wind farm with spacing 2.5 D. WAsP 8.1, version was used for

micrositing & lay out studies. Based on the availability of land, micrositing have

been carried out. Boundary of the area has limited the flexibilig of deploying

machines. If there are any border issued related to use of land they need to be

ll
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=;ir-ssed separelv. The client has provicled power

-J,-) kr,\ and Suzlon 1250 kW at stanclarcl air density'

The layout of the wir1d Fartn with NM48 750 kw and suzlon L250

k\\' rating \AIEGs at proposed sites ale given in the Drawings No:

c\\ETl\{RA/ANE /l to 4 respectively. some photographs of the region are alscr

q1\-en.

5.1 Estimation of Annual Energy Production

The wAsP generated Annual Energy Productions by 1250 kw and 750 k w

are given in the table 4a & 4b ancl table 5a & 5b' The average capacity factols

rforkerl out to be approxirnately 33 % and 32 % at Ramakkalmedu by these

machines respectively. The annual energy production is arrived by considering 10

% Ioss on grid frequency fluctuation aucl remaining 10 % on other losses' Arrav

efficiency was computed by the WAsP'

curve of the machines NM48

Wake Net AEP

Elev [m] Loss [%] GWh CF%

959 1.69 3.5 32

965 0.97 3.5 32

1031 1 .14 3.7 34

1024 0 53 3.6 33

gg4 75 1.1 3.6 33

Site descriPtion
Turbine site 1

Turbine site 2

Turbine site 3

Turbine site4

X-
location location

lml [m]
99919 99896

99980 ',100071

99834 100350

99240 100421

Average

Table 4.a Estirnated anntnl energy protlttctiott at-the site by suzlon 1'250 kw

Site descriPtlon
Turbine site 1

Turbine site 2
Turbine site 3
Turbine site4
Turbine site 5

location
lml

99879
1 0000 1

100128
100342
100447

Average

Elev [m]
957

965
971

1029
1026

989 6

Wake
Loss [%]

1.63
1.66
1.19
U.OJ

034
1.09

Net
AEP
GWh CF%o

2.0 31

2.0 30

21 32

2.1 33

21 32

2.1 32

X-
location
lml

99920
99956
99984
99849
99172

Tnble 4 b Estittrated antutal encrSy prorlrtctiott at tlrc site by NEG 750 lcw

Machines ale tnarkec-l in the contour map irr the Fig 4' ancl 5

l2
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Fig.9 Map showing layout of wind fam with Suzlon 1250 kW

Fig.10 Map showing layout of wind fam with NEG 750 kW

l3
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Fig.l1. Map showing layout of wind farm with Suzlon 12SO kW
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X- Y-

Sib location location -Elgv' 
Net AEP'

description tml ttl tml 
" 

Loss [%l GWh CF olo

Turbhe site 1 82 '7 48'1 1150 3-'95 3'O 27

Turb-ne site 2 506'1 -58'8 1144 2'35 3'O 27

Table s.a Estimated annual *"rgv';;oauctioi at the siteby suzlonTz:t, kw

X- Y- rr^. AED

Site location location Loss Net AEP'

description [rnl"'-" tlnl Elev' [ml t"/"1 Gwh cF olo

Turbine site 1 822'7 48'1 
'--11i 3'41 1'6 24

Turbine site 2 506'1 -58'8 1144 1'68 1'7 25

Table 5 b Estitnotcil anmnl *"* pia*aon ot the site by NEG 7fl kw

Tables 6 a and 6b give the possible locations of wind turbines at the sulappara

ridge.

Site descriPtion
Turbine site 1

Turbine site 2

Turbine sile 3

Turbine site 4
Turbine site 5

Site descriPtion
Turbine site 1

Turbine site 2

Turbine site 3

Turbine site 4
Turbine sile 5

Turbine site 6

XJocation [ml
593-1
62

168.9

YJocation [ml
213.9
590.9
677.8

Elev. [mt
1268
1428
1399
1330
1262-175'7 743'7

-531.1 887'8

Tables 6 a. Turbine locations for 1250 kW machines

Thetotalinstallablecapacityisfoundtobe5MWand3.T5}vtwwith1250kWand
MW

750 kw machines respectively at Ramakkalmedu and 2'5 MW anct I't IvIvY aL

PuspakandamasgiveninthetableT'TheSulappararidgecouldbeutilized,

provided logistics and other infrastructures are made available'

tial at Ram al&alm edu an d P ushp akon dam sites

MW and 1.5 at

Machines Ramakkalmedu tsusnPaKanqa

ofNo.
Machines

CapacitY
MW

No. of
Machines

CapacrtY
MW

No. ur
Machines + vlw *

6

L5
2 25 5

Suzlon1250 kW 4 5

NEG 750 kw 5 3.75 z t.f,

iifqisticsandothutnfrastructuresmemadeaoaila
orc.

Table 7. Installable
l5
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ANNEXURE A. Power cr:rve of Suzlon 1250 kW

65.0 64.0
1.OO 1000 1.225kgtm3
3.0 0.0
3.5 14.2
4.0 35.1
4.5 62.3
5.0 88.8
5.5 114.7
6.0 '147.9
6.5 205.3
7.0 274.8
7.5 359.1
8.0 445.9
8.5 5U.4
9.0 621.4
9.5 717.2
10.0 810.6
10.5 896.7
11.0 980.5
11 .5 1060.8
12.O 1'127.3
12.5 1177.5
13.0 1197.7
13.5 1235.3
14.0 1250.0
14.5 1250.0
15.0 1250.0
15.5 1250.0
16.0 12s0.0
16.5 1250.0
17.O 1250.0
17.5 12s0.0
18.0 1250.0
18.s 1250.0
19.0 1250.0
19.5 1250.0
20.o 1250.0
20.5 1250.0
21.0 1250.0
21.5 1250.0
22.0 1250.0
22.5 1250.0
23.0 1250.0
23.5 1250.0
24.O 1250.0
24.5 1250.0
25.0 1250.0
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ANNEXURE Power curve ofNM 48 750 kW

IATG Typ" NM48 750

i5.0 48
1.0 7000 7.225 kglrn8
3.0 0 1.00

+.0 \9 0.936
5.0 51 0.828

6.0 92 0.733
7.0 748 0.865

8.0 232 0.798
9.0 330 0.735
10.0 438 0.672
11.0 539 0.603
12.0 627 0.535
13.0 681 0.472
74.0 778 0.476
75.0 747 0.369

76 0 750 0.330

77.0 749 0.298
18.0 742 0.272

t9.0 733 0.249
20.0 723 0.237
27.0 774 0.275
22.0 707 0.207

23.0 704 0.189

24.0 705 0.180

25.0 770 0.777
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DISCLAIMER

The analysis anil intn?retations of wind potential of the site is based on the pou,er anroe

and locntion contour mtrps as goen W the client IvUs ANERT, Thirunananthtpuram. Any
ilisputes arking out of projections made using these data shall not be the responsfuility of C-WET.

Ptqatedby: ESrmalsan-

Raieued by : R Sasikumnr

Approoed by: M P Ramah
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