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CHAPTER 1  Feasibility report for the wind power projects in the 
states of Gujarat, Maharashtra, Rajasthan and Andhra Pradesh 
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Figure 1.1 Typical frequency distribution of wind speed  
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Figure 1.2 Typical wind rose 
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Energy conversion by the wind turbine 
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Table 1.1  Classes of wind power and wind power density 

Classes of Wind Power Density at 10 m and 50 m(a) 

Wind Power 

Class 

Wind Power 

Density (W/m2)  Wind Speed m/s (mph) 

Wind Power 

Density (W/m2)  Wind Speed (m/s) 

1 <100  <4.4 (9.8)  <200  <5.6 (12.5) 

2 100–150  4.4 (9.8) / 5.1 (11.5)  200–300  5.6 (12.5) / 6.4 (14.3) 

3 150–200  5.1 (11.5) / 5.6 (12.5)  300–400  6.4 (14.3) / 7.0 (15.7) 

4 200–250  5.6 (12.5) / 6.0 (13.4)  400–500  7.0 (15.7) / 7.5 (16.8) 

5 250–300  6.0 (13.4) / 6.4 (14.3)  500–600  7.5 (16.8) / 8.0 (17.9) 

6 300–400  6.4 (14.3) / 7.0 (15.7)  600–800  8.0 (17.9) / 8.8 (19.7) 

7 >400  >7.0 (15.7)  >800  >8.8 (19.7) 

(a) Vertical extrapolation of wind speed based on the 1/7 power law 
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Figure 1.3 Typical power curve of a wind turbine 
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Table 1.2  Estimated wind power potential in states 

State Gross potential (MW) 

Andhra Pradesh 8968 

Gujarat 10645 

Karnataka 11531 

Kerala 1171 

Madhya Pradesh 1019 

Maharashtra 4584 

Orissa 255 

Rajasthan 4858 

Tamil Nadu 5530 

Total 48561 

Source: Centre for wind energy technology 

http://www.cwet.tn.nic.in/html/departments_wra.html last accessed on 10-11-2009. 
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Table 1.3  Statewise total wind power installed capacity in India 

State Total Installed Capacity (MW) 
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Table 1.4  Capacity utilization values for tariff determination from wind power 
projects based on the wind power density of the site 

Annual mean wind power density (W/m2) Capacity Utilisation Factor 

200-250 20% 
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300-400 27% 

>400 30% 
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Table 1.5  The wind power tariff determined by CERC. 

Wind Zone 

Levelised total tariff 

(Rs/kWh) 

Benefits of 

accelerated 

depreciation (if 

availed) (Rs/kWh) 

Net levelised tariff 

upon adjusting for 

accelerated 

depreciation benefit 

(if availed) (Rs/kWh) 

20% CUF 5.63 0.37 5.26 

23% CUF 4.90 0.32 4.58 

27% CUF 4.17 0.28 3.89 

30% CUF 3.75 0.25 3.5 
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Table 1.6  Wheeling charge and wheeling loss for MSEDCL network 

Voltage level Wheeling charges (Rs/kwh) 

Wheeling 

losses (%) 

132 kV 0 0.0 

33 kV 0.05 6.0 

22kV/11 kV 0.25 9.0 

LT level 0.43 14.0 

Table 1.7  Wheeling charge and wheeling loss for TPC-D network 

Voltage level Wheeling charges (Rs/kwh) 

Wheeling 

losses (%) 

-33kV/22kV/11kV (HT) 0.18 0.66 

LT level 0.37 0.66 
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Table 1.8  Wheeling charge and wheeling loss for REL-D network 

Voltage level Wheeling charges (Rs/kwh) 

Wheeling 

losses (%) 

-33kV/22kV/11kV (HT) 0.46 1.5 

LT level 0.88 9.0 
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Table 1.9  Summary of States wind power policies and orders 

Component/State Gujarat Maharashtra Andhra Pradesh Rajasthan 
Order dated 30-01-2010 24-11-2003 01-05-2009 16-07-2009 
Control period 11-08-2009 to 10-08-2012 01-04-2009 to 31-03-

2014 
16-09-2009 to 31-
0302012 

01-04-2009 to 31003-
2014 

Feed in tariff of wind power 
(Rs/kWh) 

3.56 per kWh Rs 3.50 wth an 
escalation of 15 
paise per year up to 
13years 

Rs 3.50 Rs 4.28/ Rs 4.50 

Validity of tariff (Years) 20  13 10 20 
Renewable purchase 
obligations (RPO) 

209-10 -- 6% 
2010-11—7% 
2011-12 – 7% 

6% 5% 209-10 -- 7.45% 
2010-11—8.50% 
2011-12 – 9.50% 

Captive use Allowed Allowed Allowed Allowed 
Wheeling charges For drawl at >66kV line the 

transmission charges and 
losses as applicable to 
Open access consumers 
and for power drawl below 
66 kV line 10% (including 
transmission losses) 
+Transmission charges as 
applicable to open access 
 

Depending on the 
feeding point and the 
drawl point (taken as 
9% wheeling losses 
+0.25 Rs per unit for 
11kV HT Line) 

Wheeling and 
transmission@5% 
of the energy 
wheeled 

Transmission charges 
foe RE systems shall 
be 50% of the charges 
specified for others 
(open access 
consumers), Loss 
charges @4.4% to 8% 
depending upon the 
voltage at which power 
is consumed 

Reactive power charges 
(kVarh consumption) 

10 paise per kVArh up to 
10% and 25 paise per 
KVArh above 10% 

25 paise 
per  kVArh 
 

10 paise per kVArh 
upto 10% & 25 
paise per kVArh 
above 10% 

5 paise per unit year  
w.e.f. 01/04/2006 with 
escalation of 5% per 
year 

Sharing of CDM benefit 1st year: 100% to project 
developer. 

No Specifications Shared in the ratio 
of 90:10 by the 

Shared in the ratio of 
75:25 by the power 
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Component/State Gujarat Maharashtra Andhra Pradesh Rajasthan 
2nd year- 10% to 
beneficiaries, to be 
increased @10% per 
annum to 50%and 
thereafter to be shared on 
equal basis. 

power producer 
and beneficiary 

producer and 
beneficiary  

Banking of Energy 0ne month banking is 
allowed for self use 
 Any excess generation 
(over and above the set off  
against monthly 
consumption) would be 
treated as a sale to the 
distribution licensee 
concerned at a rate of 85% 
of the tariff applicable to 
WEGs 

Surplus energy at the 
end of the year 
limited to 10% of net 
energy delivered by 
the developer to the 
grid during the year 
shall be purchased 
by the utility at the 
lowest TOD slab rate 
for H.T. energy tariff 
 

Banking not 
allowed. Unused 
energy will be 
deemed to be sold 
to DISCOM at 85% 
of the tariff 
 

Banking and drawal 
shall be on 6 monthly 
basis. Payment for 
unutilized banked 
energy will be settled at 
60% rate of energy 
charges. 
 

CUF considered for tariff 
estimation 
 

23% 22% 24.5% 21% 

�

 Wind resources in Gujarat, Maharashtra, Andhra Pradesh and 
Rajasthan 

�

Wind resource in Gujarat  
�������������=�!������������������������� ����������������������

������
������������������������ ������ ������������������+*+���

������������������������ ������ ����������
�����������6++�6���

���������������'������������� ��� �������������������� ����

������������������4� ���� ������ �����������������������	�����

���7*''��?0�����6��0����	�������� ��������������������������

�������������	��������=�!�������� ����������
�!/�������

-���������	������������������ �������������������������	�����*7

'�0?�� ��������0�����������0�������0�����4�@��������@�	���4�

��>��	���	��������������������� �����������������0�������

 �����������������0������ ������������������� �������������

�����������
�)C���������������������8,����������������� �����

���� ������ ���������
�������>������?0������������8,������4�

 �������>�� ������ ���������
����>�������?0��������� �����

���������������������������������������������������������������������

���I�0��	��4�F������4�
�!/��4�-���������	��4�&��������4�

I���	���4�@0���������-������

Table 1.10  Wind sites identified in Gujarat with power density above 200W/m2  

S No. Station District 

Wind power density 

extrapolated to 50m 

Estimated potential 

(MW)* 

1 Adesar Kachchh 307 - 

2 Amrapar (Gir) Junagarh 241 - 

3 Amrapar (Seth) Jamnagar 221 - 

4 Bamanbore- 2 Surendranagar 243 688.9 
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S No. Station District 

Wind power density 

extrapolated to 50m 

Estimated potential 

(MW)* 

5 Bayath Kachchh 300  

6 Bhandariya Junagarh 208 226.9 

7 Butavadar  Jamnagar 240  

8 Dhank -1-1 (Ref.Stn.) Rajkot 414 493.2 

9 Dhank -2 Rajkot 367  

10 Gala Jamnagar 254 60.0 

11 Godladhar Rajkot 345 518.3 

12 Haripar Jamnagar 210 7.5 

13 Harshad Jamnagar 239 - 

14 Jafrabad Amreli 242 68.9 

15 Jamanvada Junagarh 299 1100.2 

16 Jasapar  Amreli 214 - 

17 Kagavad  Rajkot 212 - 

18 Kalyanpur Jamnagar 327 418.5 

19 Khambada Rajkot 204 - 

20 Kukma Kachchh 239 358.5 

21 Lamba  Jamnagar 232 - 

22 Limbara Surendranagar 227 - 

23 Mahidad Surendranagar 231 42.8 

24 Moti Sindholi Kachchh 311 718.3 

25 Mundra Kachchh 303 - 

26 Nani Kundal Bhavnagar 278 - 

27 Navadra-1 (Ref.Stn.) Jamnagar 297 - 

28 Navi Bander Jamnagar 213 - 

29 Okha* Jamnagar 260 156.6 

30 Okhamadhi Jamnagar 209 - 

31 Poladiya* Kachchh 278 131.1 

32 Ratabhe Surendranagar 212 - 

33 Rojmal - 2  Bhavnagar 317 - 

34 Sanodar* Bhavnagar 373 111.8 

35 Sinai* Kachchh 244 159.6 

36 Surajbari* Kachchh 444 545.2 

37 Suvarda Jamnagar 243 - 

38 Warshamedi  Rajkot 499 - 

* Estimated potential based on the micro survey of the sites carried out by C-WET.  

Source: Directory Indian wind power-2009 
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Table 1.11  Wind sites identified in Maharashtra with power density above 
200W/m2  

S No. Station District 

Wind power density 

extrapolated to 50m 

Estimated potential 

*(MW) 

1 Alamprabhu Pathar Kolhapur 224 5.4 

2 Amberi* Satara 275 24.4 

3 Aundhewadi  Nasik 295 - 

4 Brahmanvel* Dhule 324 342.3 

5 Chakla Nandurbar 323 - 

6 Chalkewadi Satara 218 - 

7 Dhalgaon Sangli 260 29.4 

8 Dongerwadi Sangli 284 16.6 

9 Gawalwadi  Nasik 278 - 

10 Gude Panchagani Sangli 296 74.5 

11 Kankora  Aurangabad 204 - 

12 Kas  Satara 277 - 

13 Kavdya Donger Ahmadnagar 277 89.7 

14 Khandke Ahmadnagar 250 71.4 

15 Kolgaon Ahmadnagar 238 48.1 

16 Lonavla Pune 285 8.1 

17 Mandhardeo  Satara 206 - 

18 Matrewadi Satara 253 72.6 

19 Panchpatta  Ahmadnagar 236 - 

20 Panchgani Satara 205 - 

21 Raipur Dhule 214 - 

22 Palsi  Satara 254 - 

23 Sautada Bid 223 15.8 

24 Takarmauli Dhule 224 274.8 

25 Thoseghar (Ref.Stn.) Satara 250 85.3 

26 Vijayadurg Sindhudurg 253 6.3 

27 Vankusawade - I Satara 293 - 

28 Varekarwadi Sangli 216 - 

29 Vaspet Sangli 225 - 

30 Bhud Sangli 224 - 

31 Rohina Latur 226 - 

*Estimated potential based on the micro survey of the sites carried out by C-WET.  

Source: Directory Indian wind power-2009 
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Table 1.12  Wind sites identified in Rajasthan with power density above 200W/m2  

S. No. Station District 

Wind power density  

extrapolated to 50m 

Estimated potential 

(MW) 

1 Devgarh Chittorgarh 281 7.0 

2 Harshnath Sikar >206 - 

3 Jaisalmer - 1 Jaisalmer 274 70.0 

4 Jaisalmer - 2 (Ref.Stn.) Jaisalmer 311 - 

5 Khodal Barmer 229 - 

6 Mohangarh Jaisalmer 243 - 

7 Phalodi Jodhpur 261 126.0 

* Estimated potential based on the micro survey of the sites carried out by C-WET.  

Source: Directory Indian wind power-2009 
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Table 1.13  Wind sites identified in Andhra Pradesh with power density above 
200W/m2  

S No. Station District 

Wind power density  

extrapolated to 50m 

Estimated potential 

(MW) 

1 Alangarapeta Anantapur 272 - 

2 Badhrampalli Kottala Kurnool 277 - 

3 Banderlapalli Kurnool 320 - 

4 Bhimunipatnam Visakapatnam 282 18.7 

5 Borampalli Anantapur 219 - 

6 Burugula Kurnool 216 - 

7 Chinnababayapalli Anantapur 206 - 

8 Jamalamadugu- 1 Cuddapah 265 38.4 

9 Jamalamadugu- 2  Cuddapah 248 - 

10 Kadavakallu- 1 Anantapur 325 30.2 

11 Kadavakallu - 2 (Ref.Stn.) Anantapur 333 - 

12 Kakula Konda Chittoor 541 - 

13 Kodumuru  Kurnool 270 - 

14 Kondamithipalli Kurnool 349 52.7 

15 Korrakodu  Anantapur 220 - 

16 M.P.R. Dam Anantapur 269 20.7 

17 Madugupalli  Anantapur 266 - 
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S No. Station District 

Wind power density  

extrapolated to 50m 

Estimated potential 

(MW) 

18 Mustikovala  Anantapur 237 - 

19 Nallakonda Anantapur 324 29.9 

20 Narasimha Konda Nellore 403 - 

21 Nazeerabad Rangareddy 232 1.9 

22 Pampanoor Thanda Anantapur 232 4.4 

23 Payalakuntla Cuddapah 257 - 

24 Ramagiri-I Anantapur 308 31.9 

25 Ramagiri -II (Ref.Stn.) Anantapur 226 - 

26 Ramagiri- III  Anantapur 246 - 

27 Siddanagatta Kurnool 231 - 

28 Singanamala     Anantapur 392 - 

29 Talaricheruvu  Anantapur 298 - 

30 Tallimadugula Anantapur 288 - 

31 Tirumala Chittoor 374 - 

32 Tirumalayapalli Cuddapah 285 34.9 

33 Ulindakonda  Kurnool 225 - 

34 Vajrakarur-I Anantapur 243 678.7 

35 Vajrakarur - II Anantapur 202 - 

* Estimated potential based on the micro survey of the sites carried out by C-WET.  

Source: Directory Indian wind power-2009 
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Table 1.14  Details of wind turbines in India having type test certificate 

Name of 

Manufacturers 

Model 

Name 

Capacity 

(kW) 

Rotor 

Dia (m) 

Hub Height 

(m) 

Aerodynamic 

control Generator 

Turbines which are having type test certification from C-WET 

 

S52 600 52 75 Pitch Asynchronous 

S82 1500 82 78 Active pitch Asynchronous 

M/s Suzlon Energy 

Limited 

S88 2100 88 80 Active pitch Asynchronous 

E-48 800 48 50/57/75 Active Pitch Synchronous M/s Enercon India 

Limited E-53 800 53 73/75 Active Pitch Synchronous 

M/s Global Wind 

Power Limited 

Norwin 750 

kW 

750 47 65 Active Pitch Asynchronous 

M/s Leitner Shriram 

Manufacturing 

Limited 

Leitner 

LT77-1.35 

MW 

1350 76.6 65 Active Pitch Synchronous direct 

drive 

M/s Pioneer Wincon 

Private Limited 

Pioneer 

P250/29 

250 29.6 50 Pitch Asynchronous 

M/s Regen 

Powertech Pvt Ltd 

VENSYS 

77 

1500 77 85 Active Pitch Synchronous direct 

drive 

V-39/500 500 47 59 Pitch Asynchronous M/s RRB Energy 

Limited 
Pawan 

Shakti-600 

kW 

600 47 50 Pitch Asynchronous 

M/s Siva 

Windturbine India 

Pvt Ltd 

SIVA 

250/50 

250 30 50 Pitch Asynchronous 

M/s Southern Wind 

farms Limited 

GWL 225 225 29.8 45 - Asynchronous 

NM-48/750 750 48.2 45/50/55 Stall Asynchronous M/s Vestas Wind 

Technology India 

Private Limited 
V82-1.65 

MW 

1650 82 70/78/80 Active Stall Asynchronous 

M/s Winwind power 

energy private 

limited 

WinWind 1 

MW 

1000 60 70 - Asynchronous 

Turbines which are under process of type test certification from C-WET 

M/s Elecon 

Engineering 

Company Limited 

T600-48 600 48 50/55/60 - Asynchronous 



30 Feasibility study report for the 100 MW wind power project 

T E R I  Report No. 2009RT11 

Name of 

Manufacturers 

Model 

Name 

Capacity 

(kW) 

Rotor 

Dia (m) 

Hub Height 

(m) 

Aerodynamic 

control Generator 

M/s India 
Windpower Limited 

I-29/250 250 29.7 50 - Asynchronous 

M/s Kenersys India 

Pvt Ltd 

K82 2000 82 80 Active Pitch Asynchronous 

M/s Suzlon Energy 

Limited 

S66-1250 

kW 

1250 66 65/75 Active Pitch Asynchronous 

Source: Revised list of models and manufacturers of wind electric generators, issued by C-WET on 22-06-2009. 

http://www.cwet.tn.nic.in/html/information_ml.html List of manufacturers last accessed on 10 Dec 2009. 
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Table 1.15  Details of wind turbine installation in India 

Manufacturer 

Wind turbine rating 
(kW) 

Number of wind 

turbines installed as on 

March 2009 

Total installed capacity 

(MW) as on March 

2009 

Suzlon Energy Limited 1500 869 1303.50 

Vestas Wind technology 

India pvt ltd. 

1650 383 631.95 
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Manufacturer 

Wind turbine rating 
(kW) 

Number of wind 

turbines installed as on 

March 2009 

Total installed capacity 

(MW) as on March 

2009 

Regen powertech pvt. ltd 1500 16 24.00 

Winwind power energy 

private limited 

1000 2 2.00 

Suzlon Energy Limited 2100 1 2.10 

M/s Leitner Shriram 

Manufacturing Limited 

1350 1 1.35 

Kenersys India Pvt Ltd 2000 -- -- 

Source: Directory Indian wind power, 2009 

Table 1.16  Rating of wind turbines 

Turbine 

manufacturer 

Suzlon Energy 

Limited 

Vestas wind Technologies 

India Pvt. Ltd Regen Powertech 

Model Name  S82-1500 V82-1650 Regen 77-1500 

Capacity (kW) 1500 1650 1500 

Score 10.18 10.195 10.32 
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Table 1.17  List of the sites selected for the study 

State Sites 

Gujarat 1.Dhank 

2.Jamanvada 

3.Surajbari 

Maharashtra  1.Gude Panchgani 

2.Vankushawade 

3.Matrewadi 

Rajasthan 1.Devgarh 

2.Jaisalmer-1 

3.Phalodi 

Andhra Pradesh 1.Kakula Konda 

2. Ramagiri- 1 

3. Kondamithipalli  
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Table 1.18  Details of sites selected for the study 

State Site Latitude Longitude 
Altitude 

(m) 
Mast 

height (m) 

Annual 
average 

Air density 
(kg/m3) 

Annual 
Average 
Power 

Low Index 

Annual 
Average 

wind 
speed at 
20/25 m 

(m/s) 

Dhank 21°48’ 70°07’ 208 20 1.149 0.04 6.97 
Jamanvada 23°25’ 68°36’ 60 20 1.169 0.26 5.17 

Gujarat Surajbari 23°13 70°42 10 20 1.163 0.39 5.42 
Gude 
Panchgani 17°07 73°59 903 20 1.072 0.18 5.5 
Vankushawade 17°27 73°50 1100 25 1.052 0.12 5.89 

Maharashtra Matrewadi 17°11 73°56 898 25 1.086 0.07 5.78 
Devgarh 24°03 74°39 520 25 1.11 0.3 5.52 
Jaisalmer-1 26°56 70°54 231 20 1.14 0.22 4.94 

Rajasthan Phalodi 27°06 72°19 250 20 1.14 0.27 4.83 
Andhra 
Pradesh Kakula Konda 13°43 79°21 981 20 1.061 0.21 6.42 
 Ramagiri- 1 14°16 77°31 580 20 1.091 0.13 5.42 

  Kondamithipalli 15°03 78°03 449 25 1.114 0.23 5.89 
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Table 1.19  Average annual wind speed, power law index, shape factor and air density for the selected sites 

State Site 

Annual mean 
wind speed 

(m/s) 
Power law 

index 
Annual average air 

density (kg/m3) Shape Factor 
Dhank 6.79 0.11 1.153 2.3 
Jamanvada 5.17 0.26 1.169 2.2 Gujarat 

Surajbari 5.43 0.39 1.163 1.7 
Gude Panchgani 5.51 0.18 1.072 2.1 
Vankushwade 5.97 0.12 1.052 1.7  Maharashtra 

Matrewadi 5.66 0.07 1.086 1.7 
Devgarh 5.61 0.30 1.110 2.5 
Jaisalmer 4.83 0.22 1.140 1.7 Rajasthan 

Phalodi 4.82 0.27 1.140 1.6 
Kakula Konda 6.41 0.21 1.061 1.4 
Ramagiri 5.42 0.13 1.091 1.9 Andhra Pradesh 

Kondamithipalli 5.61 0.23 1.114 1.8 
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Table 1.20  Annual net energy generation per MW all the sites (MWh/MW) 

Generation (MWh/MW) 
State Site S1500 V1650 Reg1500 

Dhank 2295 2083 2354 

Jamanvada 1992 1823 2104 

Gujarat 

  

  Surajbari 2437 2230 2589 

Gude Panchgani 2160 1977 2203 

Vankushwade 1870 1712 1990 

Maharashtra 

  

  Matrewadi 1773 1628 1896 

Devgarh 2204 2028 2336 

Jaisalmer 1793 1646 1899 

Rajasthan 

  

  Phalodi 2042 1878 2177 

Kakula Konda 2395 2184 2538 

Ramagiri 1882 1570 1978 

Andhra Pradesh 

  

  Kondamithipalli 1946 1623 2095 

�

Table 1.21  Annual average capacity utilization factor (%) 

Average annual CUF (%) 
State Site S1500 V1650 Reg1500 

Dhank 26.2 23.8 26.9 

Jamanvada 22.7 20.8 24.0 

Gujarat 

  

  Surajbari 27.8 25.5 29.5 

Gude Panchgani 24.7 22.6 25.1 

Vankushwade 21.3 19.5 22.7 

Maharashtra 

  

  Matrewadi 20.2 18.6 21.6 

Devgarh 25.2 23.2 26.7 

Jaisalmer 20.5 18.8 21.7 

Rajasthan 

  

  Phalodi 23.3 21.4 24.9 

Kakula Konda 27.3 24.9 29.0 

Ramagiri-1 21.5 17.9 22.6 

Andhra Pradesh 

  

  Kondamithipalli 22.2 18.5 23.9 
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Table 1.22  Break-up of capital cost for wind power project of 50 MW capacity 

Cost Component Cost for 1 MW in RS. Lakh Cost for 51 MW in RS. Lakh 

Feasibility, tendering, contract 20 20 

Project monitoring cost 50 50 

Technical consultancy 10 10 

Registration 1 51 

Land 1 51 

Site development, civil work 45 2295 

Electrical equipment # 49 2499 

Wind turbines 490 24990 

Erection and commissioning 20 1020 

Evacuation  30 1530 

Total project cost 716 32516 

# includes cost of SCADA equipment 
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Table 1.23  Rate of accelerated depreciation 

 Year  Year1 Year2 Year3 Year4 Year5 Year6 Year7 

Acc . dep. Rate 40% 48% 9.6% 1.92% 0.38% 0.08% 0.02% 
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Table 1.24  State specific parameters used for financial evaluation 

Parameter/Satre Gujarat Maharashtra Rajasthan Andhra Pradesh 

Project capacity for captive 

use 

All 51 MW as captive 15 MW captive + 36 MW 

sale to grid 

No captive capacity 3 MW as captive + 48 

MW as sale to grid 

Project capacity for grid sale 

only 

All 51 MW 51 MW 51 MW 51 MW 

Electricity saving rate for 

captive consumption 

(Rs/kWh) 

4.76 5.22 --- 3.70 

Rate for sale of the unused 

power from captive plant 

85% 0f 3.56 = 3.026 3.65 (lowest time of the 

day tariff) 

--- =85% of 3.5 = 2.98 

Rate for sale to grid 

(Rs/kWh) 

Rs. 3.56 Rs. 3.5 in the first year and 

the escalation of Rs 0.15 

up to 13th yesr. From 14th 

to 20th yesr the tariff equal 

to 13th year is considered 

Rs 4.28 3.50 

Wheeling abd transmission 

losses for captive power use 

4.0 % 9% 10% 5% 

Wheeling/Transmission 

charges for captive use 

Rs 3262.2 per MW per 

day 

Rs 0.25 per kWh --- Rs 182 per kW per 

month 

Total captive consumption 

demand 

880 lakh kWh 236 lakh kWh ---- 46 lakh kWh 
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Table 1.25  IRR values and payback periods calculated based on the estimated CUF 
for all the sites and S1500 wind turbines when generation is used for captive purpose 

Captive 

Without CDM 
State Site IRR% Payback period (years) 

Dhank 11.77 6.40 

Jamanvada 9.82 7.26 

Gujarat 

  

  Surajbari 12.62 6.07 

Gude Panchgani 12.91 6.42 

Vankushwade  7.20 

Maharashtra 

 

 Matrewadi 11.13 7.47 

Kakula Konda 11.19 6.64 

Ramagiri 7.27 8.77 

Andhra Pradesh 

  

  Kondamithipalli 7.79 8.44 
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Table 1.26  IRR values and payback periods calculated based on the estimated 
CUF for all the sites and S1500 wind turbines when all the generation is sold to 
the grid 

Sale to grid 

Without CDM 
State Site IRR% Payback period (years) 

Dhank 11.12 6.67 

Jamanvada 8.80 7.86 

Gujarat 

  

  Surajbari 12.19 6.23 

Gude Panchgani 13.33 6.43 

Vankushwade 11.05 7.42 

Maharashtra 

  

  Matrewadi 10.22 7.83 

Devgarh 13.80 5.66 

Jaisalmer 10.06 7.14 

Rajasthan 

  

  Phalodi 12.34 6.18 

Kakula Konda 11.56 6.48 

Ramagiri 7.64 8.54 

Andhra Pradesh 

  

  Kondamithipalli 8.16 8.22 
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Table 1.27  IRR values calculated based on the 23% CUF for each state when 
power is sold to the grid 

State IRR (%) Payback period (years) 

Gujarat 9.02 7.44 

Maharashtra 12.14 6.88 

Rajasthan 12.10 6.27 

Andhra Pradesh 8.75 7.89 
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Table 1.28  Estimated GHG emission reduction (tCO2) of CERs that can be 
achieved from different sites using estimated CUF of S1500 turbines for 51 MW 
wind project 

State Site GHG emission reduction (tCO2) 

Dhank 97152 

Jamanvada 84174 

Gujarat 

  

  Surajbari 103085 

Gude Panchgani 91590 

Vankushwade 78983 

Maharashtra 

  

  Matrewadi 74904 

Devgarh 93444 

Jaisalmer 76016 

Rajasthan 

  

  Phalodi 86399 

Kakula Konda 101231 

Ramagiri 79724 

Andhra Pradesh 

  

  Kondamithipalli 82320 
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Table 1.29  IRR values and payback periods calculated based on the estimated 
CUF for all the sites and S1500 wind turbines when power is used for captive 
purpose and with CDM benefit 

Captive 

With CDM 
State Site IRR% Payback period (years) 

Gujarat Dhank 13.22 5.69 

  Jamanvada 11.08 6.50 

  Surajbari 14.15 5.38 

Maharashtra Gude Panchgani 14.67 5.65 

  Vankushwade 12.54 6.35 

  Matrewadi 11.68 6.68 

Andhra Pradesh Kakula Konda 12.93 5.79 

  Ramagiri 8.83 7.54 

  Kondamithipalli 9.23 7.28 

Table 1.30  IRR values and payback periods calculated based on the estimated 
CUF for all the sites and S1500 wind turbines when all the generation is sold to 
the grid and with CDM benefit 

Sale to grid 

With CDM 
State Site IRR% Payback period (years) 

Gujarat Dhank 12.58 5.91 

  Jamanvada 9.93 6.99 

  Surajbari 13.72 5.52 

Maharashtra Gude Panchgani 15.04 5.69 

  Vankushwade 12.42 6.56 

  Matrewadi 11.52 6.91 

Rajasthan Devgarh 15.23 5.12 

  Jaisalmer 11.28 6.45 

  Phalodi 13.68 5.59 

Andhra Pradesh Kakula Konda 13.48 5.61 

  Ramagiri 9.08 7.36 

  Kondamithipalli 9.64 7.09 
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Table 1.31 Variation in IRR based on + / - 5% variation in project cost without CDM benefit 

State Site Original IRR% 

IRR with 5% 

less cost 

IRR with 5% 

high cost 

Dhank 11.12 11.88 10.43 

Jamanvada 8.80 9.48 8.18 

Gujarat 

  

  Surajbari 12.19 12.98 11.46 

Gude Panchgani 13.33 14.07 12.64 

Vankushwade 11.05 11.72 10.43 

Maharashtra 

  

  Matrewadi 10.22 10.87 9.62 

Devgarh 13.80 14.64 13.02 

Jaisalmer 10.06 10.79 9.54 

Rajasthan 

  

  Phalodi 12.34 13.13 11.61 

Kakula Konda 11.56 12.33 10.85 

Ramagiri 7.64 8.28 7.04 

Andhra Pradesh 

  

  Kondamithipalli 8.16 8.82 7.55 

Table 1.32 Variation in IRR based on + / - 5% variation in project cost with CDM benefit 

State Site  Original IRR% 

IRR with 5% 

less cost 

IRR with 5% 

high cost 

Dhank 12.84 13.41 11.81 

Jamanvada 10.23 10.68 9.24 

Gujarat 

  

  Surajbari 13.97 14.59 12.92 

Gude Panchgani 15.39 15.86 14.28 

Vankushwade 12.81 13.16 11.73 

Maharashtra 

  

  Matrewadi 11.93 12.24 11.00 

Devgarh 15.53 16.14 14.4 

Jaisalmer 11.63 12.06 10.56 

Rajasthan 

  

  Phalodi 14.00 14.54 12.9 

Kakula Konda 13.93 14.33 12.69 

Ramagiri 9.62 9.8 8.56 

Andhra Pradesh 

  

  Kondamithipalli 10.18 10.38 9.1 
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Table 1.33 Variation in IRR based on + / -10% variation in the electricity generation 
without CDM benefit 
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Table 1.34 Variation in IRR based on + / -10% variation in the electricity generation 
with CDM benefit 

State Site Original IRR% 

IRR with 10% 

less generation 

IRR with10% 

high generation 

Gujarat Dhank 12.84 10.62 14.43 

Maharashtra Gude Panchgani 15.39 13.15 16.83 

Rajasthan Devgarh 15.53 13.17 17.2 

Andhra Pradesh Kakula Konda 13.93 11.48 15.37 
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State Site Original IRR% 

IRR with 10% less 

generation 

IRR with10% high 

generation 

Gujarat Dhank 11.12 9.44 12.85 

Maharashtra Gude Panchgani 13.33 11.73 14.97 

Rajasthan Devgarh 13.80 11.85 15.65 

Andhra Pradesh Kakula Konda 11.56 9.72 13.31 
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Table 1.35  PPA data for different states 

State PPA to be signed with  Payment 

Gujarat GUVNL Within 30 days from date of receipt of tariff 

invoice by designated office of GUVNL 

Maharashtra MSEDCL Within 45 days from receipt of seller's 

monthly bill 

Andhra Pradesh* APTRANSCO Within 45 days from receipt of seller's 

monthly bill 

Rajasthan JVVNL Within 30 days from date of receipt of tariff 

invoice by designated office of TNEB 
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Risk during construction 
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Table 1.36  Pert chart for the implementation methodology of the wind power project 

MONTHS 
Activity chart 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 
Activity chart for self development mode  
Activity                       
Feasibility study                         
Selection of site and 
purchase of land with 
clearances                             
Wind resource 
assessment                                   
Contour and land 
survey                         
Micrositing of wind 
turbines                          
Assessment of 
evacuation facility with 
clearance                          
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MONTHS 
Activity chart 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 
Power purchase 
agreement                        
Application for loan                        
Site development, road 
development                          
Preparation of Bids for 
supply and erection and 
commissioning of 
WTGs                         
Bid evaluation                         
Finalization of contract                        
Erection and 
commissioning                             
Evacuation facility                          
Commissioning of 
project                        
Activity Chart for project at sites already being developed by Developers 
 
Feasibility study                         
Preparation of bids                         
Floating – closing of 
tender                       
Bid evaluation, validation 
of micro-siting and 
contract signing    

  

                  
Power purchase 
agreement    

  
                  

Application for Loan                        
Erection and 
commissioning    
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Contractual agreements between wind farm/ mill owners and SEB/power 
utilities 
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CHAPTER 2  Technical feasibility study of solar PV power 
plants at Jakhau, Gujarat 
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Figure 2.1 Map of Kachchh district of Gujarat 
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Figure 2.2 Relative humidity and ambient temperature over Jakhau 
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 Solar energy resource assessment for Jakhau  
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Figure 2.3(a) Sun path (Orthographic) diagram of Jakhau using ECOTECT Software 
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Figure 2.3(b) Sun path (Stereographic) diagram of Jakhau using ECOTECT Software 
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Figure 2.4 Solar Radiation pattern of Jakhau 
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Figure 2.5 Annual solar radiation over Jakhau 
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Table 2.1  Monthly average daily values (kWh/m2) of beam solar radiation for Jakhau under 
horizontal, inclined and two-axis tracking condition 

Months Global Solar 
Radiation, 

(kWh/m2 Day) 

Diffuse Solar 
Radiation, 

(kWh/m2 Day) 

Direct Solar 
Radiation, 

(kWh/m2 Day) 

Global Solar Radiation, 
on Inclined Surface 

(kWh/m2 Day) 

Direct Normal 
Incidence 

(kWh/m2 Day) 

Jan 4.65 0.95 3.70 5.96 7.17 
Feb 5.47 1.14 4.33 6.50 7.51 
Mar 6.25 1.46 4.79 6.75 7.48 
Apr 6.87 1.75 5.12 6.78 7.48 
May 6.78 2.09 4.69 6.28 6.72 
Jun 6.27 2.33 3.94 5.66 5.65 
Jul 5.26 2.45 2.81 4.85 4.02 
Aug 5.24 2.29 2.95 5.04 4.26 
Sep 5.70 1.83 3.87 5.90 5.85 
Oct 5.41 1.36 4.05 6.18 6.75 
Nov 4.69 1.07 3.62 5.79 6.81 
Dec 4.28 0.94 3.34 5.59 6.71 

�
Table 2.2  Monthly total values (kWh/m2) of solar radiation for Jakhau under horizontal, inclined 
and two axis tracking condition 

Months  

Global Solar 
Radiation, 
(kWh/m2 

Day) 

Diffuse Solar 
Radiation, 

(kWh/m2 Day) 

Direct Solar 
Radiation, 

(kWh/m2 Day) 

Global Solar 
Radiation, on 

Inclined Surface 
(kWh/m2 Day) 

Direct Normal 
Incidence (kWh/m2 

Day) 

Jan 144.2 29.5 114.7 184.8 222.3 

Feb 153.2 31.9 121.2 181.9 210.3 

Mar 193.8 45.3 148.5 209.3 231.9 

Apr 206.1 52.5 153.6 203.4 224.4 

May 210.2 64.8 145.4 194.5 208.3 

Jun 188.1 69.9 118.2 169.9 169.5 

Jul 163.1 76.0 87.1 150.5 124.6 

Aug 162.4 71.0 91.5 156.3 132.1 

Sep 171.0 54.9 116.1 176.9 175.5 

Oct 167.7 42.2 125.6 191.6 209.3 

Nov 140.7 32.1 108.6 173.8 204.3 

Dec 132.7 29.1 103.5 173.2 208.0 

Total 2033 599 1434 2166 2320 



65 Technical feasibility of solar PV power plants at Jakhau, Gujarat 

TERI Report No. 2009RT11 

 Solar PV system 
@�&D��
���0�����������
�������������0�������;����
����������������

	��������	���������������
<�������������������
���0�;.�-<�

��������	�����������	4�������
4�����	�����������������#)?@)�

��>�����4���� ���������������0����������������������

� �������������
���0�������������C������;��>��	�����3���

�����������<�>�����
�����������0�	�������������C����/��	�;���	���

�����������3��<��������������������������������>����	������������

������0���������������������	�������������
�������

� �

�

�

�

�

�

�

�

�

�

�

�

Figure 2.6 Schematic of grid-connected photovoltaic system 
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Figure 2.8 Mono-crystalline silicon solar cell and module 
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Polycrystalline silicon solar cell (poly-Si or mc-Si) 
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Figure 2.9 Polycrystalline silicon solar cell and module 
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Figure 2.10 Thin film solar cell and module 
 

Amorphous silicon thin film (a-Si) solar cell 
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Figure 2.11 Amorphous Silicon (a-Si) solar cell and Module 
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Figure 2.12 Cadmium telluride (CdTe) thin film solar cell 
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Figure 2.13 Copper Indium Gallium Diselenide (CIGS) Solar Cells 
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Table 2.3  Solar PV Module Efficiency and Forecast (% DC efficiencies for 
production modules) 

Solar Cell Technology 2006 2010 2015 

Crystalline Silicon 
Monocrystalline Silicon  

Multi-crystalline Silicon Cast Ingot 

 

 

14-19 

13-17 

 

16-22 

16-18 

 

22-25 

>20 

Crystalline-based Silicon 
a-Si/ Mono-crystalline slice (HIT) 

Concentrators silicon Cells 

 

 

16-18 

24/36 

 

18-20 

26/37 

 

22-24 

28/38 

Non-Crystalline Silicon 

Amorphous Silicon (a-Si) 

Silicon Film 

 

 

6-8 

10 

 

9-10 

14 

 

12 

16 

Non-Silicon 

Copper Indium (G) Diselenide (CIS/CIGS) 

Cadmium Telluride (CdTe) 

 

8-11 

9-10 
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11 

 

14 

12 
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Figure 2.14 Large parabolic dish CPV  
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Figure 2.15 Lens CPV  
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Low concentration PV (LCPV) 
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Table 2.4  Technology matrix of conventional SPV and CPV technologies  

CSP 

Technology 

Type  

System  Concentration 

Technology 

Power 

Conversion  

Concentration 

Ratio 

Tracking 

Required  

Insolation 

required  

Footprint 

(Acres/ 

MW) 

Status of 

Commercializa-

tion  

Mono-

crystalline  

Not used  Silicon  1 Stationary Global  6 Commercialized  

Poly-

crystalline  

Not used  Silicon 1 Stationary Global  7 Commercialized  

 

Conventional 

Photovoltaic  

 

Thin Film Not used  a-Si, CIS, 

CdTe, 

CIGS 

1 Stationary Global  8 Commercialized 

 

Dish CPV  Parabolic 

dish 

Multi-

Junction or 

Silicon PV 

500-1500 Double- 

axis 

Direct 

Normal 

Incidence 

8.0 Prototype/ 

commercial  

Lens CPV  Lens or 

Fresnel 

Lenses  

Multi-

Junction 

PV  

500-1000 Single 

/Double-

axis 

Direct 

Normal 

Incidence 

8.0 Prototype/ 

commercial 

LCPV  Low 

concentration 

reflectors  

Silicon PV 1.5 – 3.0 Single 

/Double-

axis 

Global  11.0 Commercial  

 

Concentrating 

Solar  

Photovoltaic 

Non-

Tracking 

CPV 

Non-tracking 

concentrators  

Multi-

Junction or 

Silicon PV 

> 2 Stationary  Global   NA Early 

manufacturing  
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 Estimation of Utilizable area for SPV projects at ONGC site Jakhau: 
Shade Analysis  
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Figure 2.17 Shading pattern of S-82 wind turbine at Jakhau on 21-December 
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Figure 2.18  Shading pattern of S-82 wind turbine at Jakhau on 21-June  
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Figure 2.19  Shading contour of S-82 wind turbine at Jakhau on 21-December 
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Figure 2.20 Shading contoor of S-82 wind turbine at Jakhau on 21-December 
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Figure 2.21 The combined shading pattern of S-82 wind energy generator at Jakhau on 21-June and 21-December 
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 Potential of SPV power plants at ONGC wind farm, Jakhau   
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Table 2.5 Feasibility of solar PV power plants at ONGC wind farm at Jakhau  

Total Land Availability at wind farm (app.) 1964 acres (7945800 m2) 

Footprint of WEG (S-82) 2.47 acres (9996 m2) 

Gross area of WEG (S-82) 57.7 acres (233700 m2) 

Shaded area of WEG (S-82) 16.04 acres(68928 m2) 

Total shaded area at wind farm 545.4 acres (2207138 m2) 

Area for roads, control, etc 490 acres (25% of the land) 

Utilizable/Effective area for SPV 928 acres (3755454 m2) 
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Table 2.6  Technical Feasibility of solar PV power plants at ONGC wind farm at Jakhau  

Annual Average Solar Radiation 2033 kWh/m2 

Annual average solar radiation (latitude) 2166 kWh/m2 

Annual Average Ambient Temperature 26.64oC 

Annual Average Relative Humidity 56.2 % 

Potential of SPV power plants at Site (5 acres/MW) 186 MW 

Annual Electrical Output (mono-crystalline)  300,000 MWh 

Approximate cost (per MW) 15-17 crores/MW 
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ANNEX I  Guidelines for scheme on Generation Based 
Incentives (GBI) for Grid Interactive Wind Power Projects 
issued on 16 Dec 2009 
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ANNEX II  Technical evaluation of wind turbines 
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 Turbine features 
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Turbine size 
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Generator type 
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Single speed/ variable speed 
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Geared/gearless 
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Reactive power control 
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Cut in wind speed 
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Rated wind speed 
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Rated speed Score 

11 m/s 1.06 

12 m/s 1.05 

13 m/s 1.04 

14 m/s 1.03 

15m/s 1.02 

16 m/s 1.01 

17 m/s 1 
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Class of turbine 
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WTG class I II III IV 

Reference wind speed (Vref) in m/s 50 42.5 37.5 30 

Annual avg. wind speed (m/s) 10 8.5 7.5 6 

�

���������������������� ����	�>����������������4������ ����
�������

��� �������������������������������� ���������������������
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Power regulation 
��������>�������?��������������������������������������� ���	�>���

��	������������������������ ����
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	 ���

Features/ Turbine manufacturer 

Suzlon Energy 

Limited 

Vestas wind 

Technologies 

India Pvt Ltd 

ReRegen 

powertech 

Capacity (kW) 1500 1650 1500 

Score 10.19 10.2075  

Make  Suzlon Vestas Regen 

Model No. S.82/1500*  NM-

82/1650* VENSYS 77 

Rating in kW 1500 1650 1500 

Rotor Diameter (m) 82 82.0 77 

Highest hub height (m) 78 78.0 85 

Type of tower (Tubular/Lattice) Tubular Tubular Tubular 

No. blades 3 3 3 

Power regulation (Pitch/Stall) Pitch Active 

Stall Pitch 

Rotor speed  (RPM) 16.3  14.4 9-17.3 

Type of generator 

(Synchronous/Asynchronous) 

Asynchronous Asynchron

ous Synchronous 

Single speed/Dual speed/ Variable 

speed (Generator) 

Single Speed Single 

Speed Variable  

AC/DC/AC system (Yes/No) No No Yes 

Protection/ insulation class IP 54 class H IP 56 

class F IP 23Class F 

Rated Voltage 690V 690V 620 V 

Geared/Gearless Geared Geared Gearless 

Cut-in-wind speed 4 m/s 4 m/s 3 m/s 

Cut-out wind speed 20 m/s 20 m/s 22 m/s 

Rated wind speed 14 m/s 14 m/s 13 m/s 

Survival wind speed 52.5 m/s 52.5 m/s 52.5 m/s 

�
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    Machine Suzlon S82-1500 kW 

      Score for machine 
  Parameter Defined Score   

Machine size    

  500 kW 1 1500 1.1 

  2000 kW 1.15   

      

Generator type    

  Induction 1 Induction 1 

  Synchronous 1.05   

Geared Gearless    

  Gearless 1.02 Geared 1 

  Geared 1   

Singe speed/variable speed    

  Single speed 1 Single Speed 1.00 

  Double speed 1.02   

  Variable speed 1.05   

Reactive power control    

  Mechanically switched 1 Intelligent 1.01 

  Intelligent switching 1.01   

  Dynamically variable 1.02   

      

Cut in wind speed    

  2 1.05 4 m/s 1 

  4 1   

Rated wind speed    

  11 1.06 14 m/s 1.03 

  12 1.05   

  13 1.04   

  14 1.03   

  15 1.02   

  16 1.01   

  17 1   

Tower type    

  Lattice 1 tubular 1.01 

  Tubular 1.01   

Class of machine    

  Class I 1.02 Class II 1.01 

  Class II 1.01   

  Class III 1   

Power regulation    

  Active pitch/Active stall 1.02 pitch 1.01 

  Pitch control 1.01   

  Stall 1   

Total score     10.18 
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    Machine Vestas82-1650 kW Regen 77-1500 KW  

       Score for machine    Score for machine 

  Parameter Defined Score      

Machine size        

  500 kW 1 1650 1.115 1500 1.1 

  2000 kW 1.15      

Generator type        

  Induction 1 Induction 1 Synchronous 1.05 

  Synchronous 1.05      

Geared Gearless        

  Gearless 1.02 Geared 1 Gearless 1.02 

  Geared 1      

Singe speed/variable speed        

  Single speed 1 Single Speed 1.00 Variable speed 1.05 

  Double speed 1.02      

  Variable speed 1.05      

Reactive power control        

  Mechanically switched 1 Intelligent 1.01 Fully controlled 1.02 

  Intelligent switching 1.01      

  Dynamically variable 1.02      

Cut in wind speed        

  2 1.05 4 m/s 1 3 m/s 1.025 

  4 1      

Rated wind speed        

  11 1.06 14 m/s 1.03 13 m/s 1.04 

  12 1.05      

  13 1.04      

  14 1.03      

  15 1.02      

  16 1.01      

  17 1      

Tower type        

  Lattice 1 tubular 1.01 tubular 1.01 

  Tubular 1.01      

Class of machine        

  Class I 1.02 Class II 1.01 Class III 1.0 

  Class II 1.01      

  Class III 1      

Power regulation        

  Active pitch/Active stall 1.02 Active Stall 1.02 pitch 1.01 

  Pitch control 1.01      

  Stall 1      

Total score      10.195   10.325 
�
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ANNEX III  Monthly average wind speed, power law index, 
shape factor and air density for the selected sites 
�

�
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Month 

Monthly mean wind 

speed (m/s) 

Power law 

index 

Monthly average air density 

(kg/m3) Shape Factor 

Jan 6.55 0.11 1.191 3.4 

Feb 6.27 0.12 1.179 2.9 

Mar 6.91 0.13 1.159 2.7 

Apr 6.74 0.11 1.144 2.5 

May 7.63 0.1 1.132 2.6 

Jun 8.67 0.03 1.124 2.7 

Jul 8.58 0.09 1.131 2.8 

Aug 7.68 0.14 1.136 2.6 

Sep 6.01 0.12 1.143 2.4 

Oct 5.07 0.15 1.148 2.6 

Nov 5.60 0.12 1.166 3 

Dec 5.77 0.11 1.185 3.7 

Annual Avg 6.79 0.11 1.153 2.3 

�

���I�0��>���4�=�!�����

Month 

Monthly mean wind speed 

(m/s) Power law index 

Monthly average air density 

(kg/m3) Shape Factor 

Jan 4.31 0.28 1.205 1.5 

Feb 4.09 0.34 1.192 1.2 

Mar 4.48 0.35 1.175 2.1 

Apr 5.48 0.32 1.161 2.3 

May 6.82 0.27 1.149 3.2 

Jun 7.31 0.17 1.142 3.8 

Jul 6.59 0.18 1.145 2.5 

Aug 6.77 0.22 1.151 2.8 

Sep 4.76 0.3 1.158 2.1 

Oct 3.73 0.3 1.164 2.1 

Nov 3.61 0.29 1.181 2.4 

Dec 4.12 0.29 1.202 2.3 

Annual Avg 5.17 0.26 1.169 2.2

�

8��-���!����4�=�!�����

Month 

Monthly mean wind 

speed (m/s) 

Power law 

index 

Monthly average air density 

(kg/m3) Shape Factor 

Jan 3.64 0.57 1.203 2 

Feb 4.00 0.54 1.189 1.7 

Mar 4.36 0.44 1.172 1.9 

Apr 5.68 0.31 1.155 1.8 

May 7.45 0.2 1.14 2.7 

Jun 7.91 0.21 1.134 2.8 
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Month 

Monthly mean wind 

speed (m/s) 

Power law 

index 

Monthly average air density 

(kg/m3) Shape Factor 

Jul 7.76 0.26 1.136 2.6 

Aug 6.36 0.29 1.142 2.4 

Sep 5.06 0.33 1.148 1.9 

Oct 3.56 0.43 1.157 1.3 

Nov 3.70 0.64 1.177 2 

Dec 3.66 0.66 1.199 1.7 

Annual Avg 5.43 0.39 1.163 1.7 

�
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Month 

Monthly mean wind 

speed (m/s) Power law index 

Monthly average air 

density (kg/m3) Shape Factor 

Jan 4.16 0.16 1.082 2 

Feb 4.03 0.15 1.076 1.9 

Mar 4.41 0.15 1.064 2.7 

Apr 4.66 0.15 1.058 2.8 

May 5.83 0.17 1.058 2.7 

Jun 7.10 0.19 1.067 3.4 

Jul 8.26 0.21 1.072 3 

Aug 7.05 0.2 1.075 3.1 

Sep 5.40 0.21 1.074 2 

Oct 4.11 0.27 1.073 2.3 

Nov 5.44 0.15 1.078 2.2 

Dec 5.66 0.12 1.082 2.7 

Annual Avg 5.51 0.18 1.072 2.1 

�
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Month 

Monthly mean wind 

speed (m/s) Power law index 

Monthly average air 

density (kg/m3) Shape Factor 

Jan 4.39 0.12  1.060  1.7  

Feb 4.43 0.13  1.053  1.7  

Mar 4.80 0.13  1.044  1.7  

Apr 5.32 0.13  1.040  1.7  

May 6.41 0.11  1.039  1.7  

Jun 7.96 0.11  1.051  1.7  

Jul 10.90 0.13  1.055  1.7  

Aug 8.05 0.12  1.057  1.7  

Sep 6.11 0.11  1.058  1.7  

Oct 4.40 0.12  1.054  1.7  

Nov 4.06 0.13  1.057  1.7  

Dec 4.84 0.11  1.061  1.7  

Annual Avg 5.97 0.12  1.052  1.7  

�
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Month 

Monthly mean wind 

speed (m/s) 

Power law 

index 

Monthly average air 

density (kg/m3) Shape Factor 

Jan 3.58 0.1 1.097 1.7 

Feb 3.99 0.1 1.09 1.7 

Mar 4.33 0.09 1.079 1.7 

Apr 5.05 0.09 1.073 1.7 

May 6.78 0.06 1.073 1.7 

Jun 7.91 0.05 1.083 1.7 

Jul 10.25 0.04 1.088 1.7 

Aug 9.47 0.05 1.089 1.7 

Sep 5.58 0.06 1.089 1.7 

Oct 4.00 0.11 1.086 1.7 

Nov 3.20 0.13 1.092 1.7 

Dec 3.80 0.11 1.099 1.7 

Annual Avg 5.66 0.07 1.086 1.7 

�
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Month 

Monthly mean wind 

speed (m/s) Power law index 

Monthly average air 

density (kg/m3) Shape Factor 

Jan 5.91 0.31 1.148 2.5 

Feb 5.22 0.31 1.136 2.5 

Mar 5.29 0.3 1.114 2.5 

Apr 5.33 0.26 1.093 2.5 

May 6.90 0.27 1.076 2.5 

Jun 6.90 0.25 1.078 2.5 

Jul 6.56 0.27 1.092 2.5 

Aug 5.93 0.27 1.099 2.5 

Sep 4.41 0.29 1.102 2.5 

Oct 4.36 0.36 1.111 2.5 

Nov 4.71 0.42 1.131 2.5 

Dec 5.83 0.3 1.144 2.5 

Annual Avg 5.61 0.30  1.11 2.5 

�
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Month 
Monthly mean wind 

speed (m/s) Power law index 
Monthly average air 

density (kg/m3) Shape Factor 
Jan 3.19 0.33 1.193 1.1 
Feb 3.61 0.27 1.175 1.4 
Mar 4.23 0.25 1.15 1.8 
Apr 4.32 0.24 1.129 1.9 
May 5.94 0.2 1.108 2.3 
Jun 7.44 0.17 1.101 2.5 
Jul 7.64 0.16 1.108 3.1 
Aug 6.43 0.16 1.115 2.5 
Sep 6.08 0.2 1.122 2.7 
Oct 3.60 0.28 1.137 2.7 
Nov 2.73 0.39 1.166 1.9 
Dec 2.87 0.38 1.186 1.5 

Annual Avg 4.83 0.22 1.14 1.7 
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Month 

Monthly mean wind 

speed (m/s) Power law index 

Monthly average air 

density (kg/m3) Shape Factor 

Jan 3.56 0.35 1.193 1.3 

Feb 4.05 0.31 1.175 1.7 

Mar 4.42 0.28 1.15 1.6 

Apr 4.57 0.27 1.129 2 

May 5.67 0.21 1.108 2.2 

Jun 7.12 0.19 1.101 2.3 

Jul 7.34 0.17 1.108 2.7 

Aug 5.63 0.1 1.115 2.2 

Sep 5.34 0.19 1.122 2.6 

Oct 3.60 0.3 1.137 2.7 

Nov 3.04 0.38 1.166 2.5 

Dec 3.08 0.4 1.186 1.2 

Annual Avg 4.82 0.27 1.14 1.6 

�
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Month 
Monthly mean wind 

speed (m/s) Power law index 
Monthly average air density 

(kg/m3) Shape Factor 
Jan 4.25 0.49 1.08 1.7 
Feb 4.20 0.32 1.07 1.8 
Mar 4.62 0.21 1.058 1.8 
Apr 4.90 0.17 1.048 1.8 
May 6.41 0.15 1.043 1.6 
Jun 9.71 0.09 1.048 2.2 
Jul 10.36 0.09 1.054 2.4 
Aug 10.71 0.09 1.054 2.6 
Sep 6.05 0.15 1.057 1.7 
Oct 4.55 0.35 1.064 1.1 
Nov 5.30 0.5 1.075 2.5 
Dec 5.01 0.58 1.083 2.9 

Annual Avg 6.41 0.21 1.061 1.4 
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Month 

Monthly mean wind 

speed (m/s) 

Power law 

index 

Monthly average air density 

(kg/m3) Shape Factor 

Jan 3.66 0.15 1.11 2.1 

Feb 4.01 0.15 1.1 2.1 

Mar 4.26 0.14 1.086 2.4 

Apr 4.43 0.15 1.073 1.9 

May 6.22 0.15 1.071 2.3 

Jun 8.17 0.17 1.078 3.1 

Jul 9.16 0.16 1.085 3.3 

Aug 8.98 0.14 1.086 4.3 

Sep 5.88 0.13 1.088 2.7 

Oct 3.74 0.11 1.094 1.8 

Nov 3.58 0.07 1.106 2 

Dec 3.71 0.11 1.113 2.6 

Annual Avg 5.42 0.13 1.091 1.9 
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Month 

Monthly mean wind speed 

(m/s) Power law index 

Monthly average air density 

(kg/m3) Shape Factor 

Jan 4.24 0.27 1.133 1.8 

Feb 4.58 0.23 1.123 1.8 

Mar 4.31 0.21 1.109 1.8 

Apr 4.51 0.2 1.096 1.8 

May 5.60 0.22 1.094 1.8 

Jun 9.19 0.22 1.101 1.8 

Jul 9.61 0.22 1.108 1.8 

Aug 7.86 0.21 1.109 1.8 

Sep 5.26 0.23 1.111 1.8 

Oct 3.90 0.25 1.117 1.8 

Nov 3.90 0.25 1.129 1.8 

Dec 4.39 0.29 1.136 1.8 

Annual Avg 5.61 0.23  1.114 1.8 
�
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ANNEX IV  Sample RETScreen model used for energy 
estimation 
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�

ANNEX V  Procedure for registering the projects with the 
Executive Board of the UNFCCC and availing the CDM 
benefits 
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Figure 3: CDM cycle 
 

Designated Operational Entity 
(DOE) 

Project Participants 

Executive Board 

Project Participant 

Executive Board 

Certified Emission Reductions 

Designated Operational Entity 
(DOE) 

Designated 
national 
authority of 
host country 

Project design 

Validation/ 
Registration 

Monitoring 

Verification/ 
Certification 

Issuance 

 



106Feasibility study report for the 100 MW wind power project 

T E R I  Report No. 2009RT11 

Step 1: Project formulation 
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Step 2: Approval by designated national authority 
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Step 7: Certification 
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Special consideration for small-scale projects 
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ANNEX VI  Details of Shading Analysis of WEG-S82 at 
Jakhau  
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Figure A-VII.1 Shading of WEG-S82 at 9:00 am (21st December) at Jakhau  
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Figure A-VII.2 Shading of WEG-S82 at 10:00 am (21st December) at Jakhau  
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Figure A-VII.3 Shading of WEG-S82 at 11:00 am (21st December) at Jakhau  
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Figure A-VII.4 Shading of WEG-S82 at 12:00 am (21st December) at Jakhau  
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Figure A-VII.5 Shading of WEG-S82 at 1:00 pm (21st December) at Jakhau  
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Figure A-VII.6 Shading of WEG-S82 at 2:00 pm (21st December) at Jakhau  
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Figure A-VII.7 Shading of WEG-S82 at 3:00 pm (21st December) at Jakhau  
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Figure A-VII.8 Shading of WEG-S82 at 4:00 pm (21st December) at Jakhau  
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Figure A-VII.9 Shading of WEG-S82 at 5:00 pm (21st December) at Jakhau  
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Figure A-VII.10 Shading of WEG-S82 at 6:00 pm (21st December) at Jakhau  
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Figure A-VII.11 Proposed sample Layout of solar PV power project in between of ONGC Wind 
Power Project  
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ANNEX VII  RETScreen Worksheets for 1 MW SPV project 
at Jakhau, Gujarat 
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ANNEX VIII  Detailed financial calculation sheets 
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