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Feasibility report for the proposed 100 MW wind power project in

Gujarat

Executive summary

Background

Site selection

The state of Gujarat has one of the best wind potentials in the
country. The total identified wind power potential is 9675 MW
from 38 identified sites.

Gujarat State Petroleum Corporation Limited plans to venture
in to wind energy sector and plans to develop a wind power project
of 100 MW capacities, for and sale of electricity to state utility in
the state of Gujarat. A feasibility study was undertaken involving
technical and financial analysis of potential wind sites in Gujarat,
wind turbines of different capacities offered by different
manufacturers, as well as analysing the policies and regulations in
the wind power sector in Gujarat.

To assess the feasibility of wind projects for GSPC, the sites that
are currently being offered by the wind farm developers in
Gujarat, along with other sites having good potential and wind
power density above 240w/m2 were analysed. Three sites
Warshamendi, Kalyanpur and Poladia were selected for the
detailed study as they cover the entire spectrum of sites available
providing optimistic, average and pessimistic scenarios.

Selection of turbines

Wind turbines are available in India up to 2 MW capacities with
different technical specifications. Selected wind turbines, of
capacity of 500 kW and more, available in India, having type
certification from Centre for Wind Energy Technology (C-WET),
and currently being offered by the developers were analysed in line
with the requirement of GSPCL. A detailed matrix of technical
parameters and their score, depending upon the impact of the
parameter on cost or performance, was developed. The critical
technical parameters were: capacity, type of generator, cut in
speed, rated wind speed, type of power control, class of turbine,
geared/ gearless turbine, and reactive power control. Based on this
ranking 6 wind turbines NM1650, and NM750 of Vestas wind
technologies India Limited, S1500, and S2100 of Suzlon Energy
Limited, E-53-800kW of Enercon India Limited, and 600 KW
Pawan Shakti RRB Energy is selected for the detailed study.
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2  Feasibility Report for the proposed 100 MW wind power project in Gujarat

Energy generation
Based on the monthly wind data at the selected sites, monthly energy
generation for each of the selected turbines was estimated at each of
the sites. The net generation was estimated taking into account
various losses and the corrections factors.

The government policies and regulations play an important role
in development of wind power projects. The latest tariff order
issued by the Gujarat Electricity Regulatory Commission (GERC)
was studied and its provisions regarding wind power purchase
tariff, captive use etc. were used in the analysis. As per the tariff
order, the generation from the wind project can be used as self-
consumption in the same month and surplus generation would be
considered as sale to Distribution Company at tariff Rs. 3.37/kWh.
Detailed consultations with the Gujarat Energy Development
Agency (GEDA), GERC, Gujarat Urja Vikas Nigam Limited
(GUVNL) were undertaken to identify the clearance and
contractual requirements.

Project cost
The project cost has been estimated for a 100 MW project at Rs.
679.67 cr., as determined from the present costs of wind turbines
based on quotes available for wind energy projects in Gujarat.

Financial analysis
Financial analysis has been carried out with return on equity
(RoE), internal rate of return (IRR), Debt Service Coverage Ratio
(DSCR), and cost of generation as indicators for all three sites and
six turbines. Available incentives like accelerated depreciation and
tax holiday under section 801 A of Income Tax Act have been
considered while estimating RoE, IRR and DSCR.

It has been observed that the IRR varies from 7% for
combination of turbine with lower rank (Vestas Wind
Technologies 750kW) at site with lowest rank (Poladia), to 18.5%
for turbine with highest rank (Suzlon 2100 kW) at site with
highest rank (Warshamendi).

Sensitivity analysis
Further, sensitivity analysis has been carried out to analyse the
impact of +/- 10% variation in generation, and +/- 5% cost
variation. It has been observed that the IRR changes by about +/-
1.5 to 2.5% points with variation in generation, by +/-0.1% points
with cost variations for 100 MW project.

The issue of fluctuation in cost & generation, and the resultant
lowering of NPV and IRR is mitigated in developer approach
through tendering. The lump sum costs received in the tender
would be firm and as the projects are of very short gestation
period, the cost escalation would not arise. Through tendering the
best turbine/site combination, which would meet the financial
norms, would get selected; there by ensuring required returns
even in worst case scenarios.

TERI Report No. 2008RT07



3 Feasibility Report for the proposed 100 MW wind power project in Gujarat

The wind power projects are also eligible for benefits under the
Clean Development Mechanism (CDM) projects. With the CDM
benefit the IRR for wind power project will be improved.

Conclusion & recommendation
Based on all the analysis carried out, the wind sites with medium
to high wind resource, with wind power density above 300 W/m?2
at 50 m height, as represented by two sites Warshamendi and
Kalyanpur, should be focused for the proposed project.

The analysis also shows that turbines Enercon 800 kW, Suzlon
1500 kW, Vestas Wind Technology India Pvt. Ltd. 1650 kW and
RRB Energy Ltd. 600 kW at above type of sites make the project
financially viable, while turbine NM750 makes the project
unviable across sites. Therefore, any of these four turbines, which
make the project financially viable, should be considered. Here
Suzlon 2100 kW turbine is not recommended because M/s Suzlon
Energy limited is currently not offering this turbine in India.

The developer approach with tendering would mitigate the
possible fluctuations in cost and generation and would allow
selection of best site and turbine combination offered which would
make the project viable.

TERI Report No. 2008RT07



4  Feasibility Report for the proposed 100 MW wind power project in Gujarat

1. Methodology adopted for Feasibility Study

The methodology adopted for analysing the feasibility of

developing 100 MW wind power project in Gujarat had following

steps:

1. Assessment of overall renewable energy scenario in India

2. Assessment of wind technology

3. Development of wind power in India
» Wind resource

4. Analysis of government policies
» Central Government
» Gujarat Government

5. Assessment of wind potential and installed wind power
capacity in Gujarat

6. Evaluation of potential sites and selection of sites based on the
wind resource and other infrastructure like grid and road.

7. Analysis of the wind turbines available in India

8. Estimation of possible generation at the selected sites for
different selected turbines

9. Analysis of policies regarding sale of wind power in the state of
Gujarat

10.Financial analysis to assess the feasibility based on various
factors like, the tariffs of electricity in these facilities, amount
of power which would be sold to the utility, capital cost of the
project and projected energy generation at the short listed
sites. Further, to assess the impact of possible variation in
generation and cost estimation, sensitivity analysis was carried
out.

The results of the financial analysis along with the wind resource
data and government policies have been used to arrive at the
recommendations regarding probable sites and methodology for
project development.

2. Renewable energy
There are different renewable energy sources like solar, wind,
biomass, small hydro, waste to energy, geothermal, ocean energy
etc. Out of these, solar, wind, small hydro, and biomass
technologies have been successfully demonstrated in India. All
these technologies, with the exception of solar energy, have been
extensively used for power generation in grid-connected mode.
Out of these three options, wind power has maximum potential of
45,000MW in India. The potential along with the support from
government in the form of accelerated depreciation, and power
purchase tariff, makes this technology viable in India. However,
unlike other two sources i.e. small hydro and biomass, the wind
power at given site does not face any resource availability
constraint with proper resource assessment and site selection. In
case of small hydro, the identified sites are limited in the range of

TERI Report No. 2008RT07



5 Feasibility Report for the proposed 100 MW wind power project in Gujarat

5—10MW, while biomass project face the challenge of biomass
supply and cost issues. Thus, wind power is comparatively viable
option for power generation with availability of detailed wind
resource data, and policy and regulatory support from
Government.

3. Wind energy

3.1 Wind resource

Wind speed

Power law index

The wind speed or the average wind speed is the most critical
indicator of the wind potential at a given site. The wind speed at
any site is influenced by large number of parameters e.g. the
weather system, local land use, geography of the site. The wind
speeds at any location have daily as well as seasonal variations. In
case of India, generally the monsoon months have highest wind
speeds. The variations in the wind speed are described by the
weibull distribution.

P (V) = ((k/e) (V/e))<t e =(V/c)k

Where P (V) is the probability of having wind speed V, k is the
shape factor, and c is the scale factor. A typical wind distribution
is shown in Figure 1 given below. The average wind speed and the
shape factor ‘k’ decide the shape of frequency distribution curve at
a given location.

frequencu (%)
'

0 10 20 30 40 50

Wind speed (m/s)

Figure 1 Typical frequency distribution of wind speed

TERI Report No. 2008RT07
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6  Feasibility Report for the proposed 100 MW wind power project in Gujarat

The wind speeds vary with height. The variation in the wind
speeds with height is given by the ‘power law index’.

(V2/V1) = (H2/H1)P

Where V1 and V2 are wind speeds at heights H1 and H2
respectively and p is the power law index.

Wind direction
Like the wind speed the wind direction also varies. This variation
in the wind direction is shown as the ‘wind rose’. Wind rose is a
diagram as shown in figure 2 below, showing the percentage of
wind blowing from each of the eight directions. It also indicates
the strength of the wind in each direction. The wind rose given
below shows the percentage frequency of wind blowing from that
direction. The wind rose and the frequency distribution of wind
direction data are used in siting of wind turbines.

NYY

SE

s
Figure 2 Typical wind rose

Energy conversion by ¢ wind turbine
The energy content in wind is given by following equation

P=1%ApVs

Where P is power in wind, A is area of cross section, p is air
density and V is wind velocity. A useful way to evaluate the wind
resource available at any site is wind power density. The wind
power density Pq is power in wind per unit area (W/m?2) of cross
section perpendicular to wind direction

Pa=12pV3

TERI Report No. 2008RT07



Power (kW)

7  Feasibility Report for the proposed 100 MW wind power project in Gujarat

The wind turbines convert this wind power in to electricity
through use of blades coupled with shaft and generator.

Classes of wind power density for two standard wind

measurement heights are listed in the table below.

Table 1 Classes of wind power and wind power density

Wind Power  Wind Power

Class Density (W/m?) _ Wind Speed m/s (mph) _
1 <100 <4.4(9.8)

2 100-150 4.4(9.8)/5.1(11.5)

3 150-200 5.1(11.5)/5.6 (12.5)

4 200-250 5.6 (12.5)/6.0 (13.4)

5 250-300 6.0 (13.4)/6.4 (14.3)

6 300-400 6.4 (14.3)/7.0(15.7)

7 >400 >7.0 (15.7)

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

Wind Power

Density (W/m?) ~ Wind Speed (m/s)
<200 <5.6 (12.5)

200-300 5.6 (12.5)/6.4 (14.3)
300-400 6.4 (14.3)/7.0 (15.7)
400-500 7.0(15.7)/7.5 (16.8)
500-600 7.5(16.8)/8.0 (17.9)
600-800 8.0(17.9)/8.8(19.7)
>800 >8.8 (19.7)

(a) Vertical extrapolation of wind speed based on the 1/7 power law

1400.00

Different wind turbines have different generation at given wind
speed; the relation between the wind speed and the output from
the turbine is called as power curve. A typical power curve is

shown in Figure 3 below.

1200.00

P

/

1000.00

800.00

600.00 -

400.00

200.00

Figure 3 Typical power curve of a wind turbine

10 15

20

Wind speed (m/s)

25

The wind speed at which the wind turbine starts power generation
is called as cut in wind speed. The rated wind speed for a wind
turbine is a wind speed at which the generation from the wind
turbine reaches its rated capacity. In case of higher wind speeds
the wind turbine shuts down if the wind speeds are higher than the

cut out wind speed of that wind turbine.

TERI Report No. 2008RT07
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Rotor blades

8 Feasibility Report for the proposed 100 MW wind power project in Gujarat

The power generation from the wind turbine depends on the
turbine characteristics i.e. the power curve and wind speed.
Depending upon the wind speeds the generation from the wind
turbine varies. In order to evaluate performance of the wind
turbine the Capacity Utilisation Factor (CUF) is estimated. The
CUF is ratio of energy generation from the wind turbine to
maximum possible generation.

Annual CUF = annual generation (kWh)/ 8760 * Turbine capacity (kW)

The maximum possible generation is the rated generation from
wind turbine throughout the year i.e. for all 8760 hours in a year.

The wind turbines convert the kinetic energy of wind into
electricity. The important components of a wind turbine are:
Rotor blades

Aerodynamic power regulation

Generator

Reactive power control

Yaw mechanism

Tower

I

The rotor blade is the most critical component of the wind turbine.
It captures the wind energy and transfers it to torque required to
generate power. The aerodynamic design of the blade is important
as it determines the energy capture potential. The type of power
control mechanism used also needs to be considered while
designing the blades. Another important parameter is the blade
material. Commonly used materials are composite materials like
glass fibre epoxy, carbon epoxy, fibre-reinforced plastic etc. Out of
these materials, the carbon fibres are stronger and stiffer, followed
by glass fibre. Sometimes, in order to reduce cost, carbon fibres
along with glass fibres are used.

Power regulation of blades

The blades of the wind turbine, through its orientation or design,
can regulate/optimise power output. This is called aerodynamic
power regulation. There are three different techniques used for
power regulation as described below.

Pitch control

In a pitch controlled wind turbine, the turbine's electronic
controller checks the power output of the turbine several times per
second. When the power output becomes too high, it sends a
signal to the blade pitch mechanism, which immediately pitches
(turns) the rotor blades slightly out of the wind. Conversely, the
blades are turned back into the wind whenever the wind speed
drops again. During normal operation the blades will pitch a

TERI Report No. 2008RT07
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fraction of a degree at a time - and the rotor will be turning at the
same time.

Stall control

It is also known as ‘Passive control’ since control is affected
through blade design itself and it involves no moving part. The
profile of the rotor blade however is aerodynamically designed to
ensure that the moment the wind speed becomes too high; it
creates turbulence on the side of the rotor blade, which is not
facing the wind, reducing the power output. The basic advantage
of stall control is that one avoids moving parts in the rotor itself,
and a complex control system. On the other hand, stall control
represents a very complex aerodynamic design problem, and
related design challenges in the structural dynamics of the whole
wind turbine, e.g. to avoid stall-induced vibrations.

Active stall/active pitch

An increasing number of larger wind turbines (1 MW and above)
are being developed with an active stall control mechanism. At low
wind speeds, the machines will usually be programmed to pitch
their blades much like a pitch-controlled machine. However, when
the machine reaches its rated power and the generator is about to
be overloaded, the machine will pitch its blades in the opposite
direction from what a pitch-controlled machine does. This is
similar to normal stall power limitation, except that the whole
blade can be rotated backwards (in the opposite direction as is the
case with pitch control) by a few (3-5) degrees in order to give
better rotor control. In other words, it will increase the angle of
attack of the rotor blades in order to make the blades go into a
deeper stall, thus wasting the excess energy in the wind. The result
is known as the 'deep stall' effect, which leads to the power curve
bending sharply to a horizontal output line at nominal power and
keeping this constant value for all wind speeds between nominal
and cut-out. One of the advantages of active stall is that one can
control the power output more accurately than with stall, so as to
avoid overshooting the rated power of the machine at the
beginning of a gust of wind. Another advantage is that the
machine can be run almost exactly at rated power at all high wind
speeds.

In active pitch control, the blade pitch angle is continuously
adjusted based on the measured parameters to generate the
required power output. It has been established that active pitch
regulation reduces the wind generator output fluctuations.

Wind turbines are equipped with generator located in the hub of
the turbine. There are two types of turbines, 1.with induction
generator with gearbox and 2.with synchronous generator. The
wind machines with induction generators come with gearboxes
which convert the cut-in to cut-out speed variations to 1-2-3

TERI Report No. 2008RT07



10 Feasibility Report for the proposed 100 MW wind power project in Gujarat

speeds for the generator. The induction machines are generally
rated at 1,500 rpm. A two-speed generator has 4 poles for 1,500
rpm and 6 poles for 1,000 rpm.

Wind machines, which have synchronous generators, have no
gearboxes since they could be designed for high speeds or for low
speeds and have continuous variation according to the speed of
the wind. These machines have an added advantage over induction
machines because it is inherently variable speed and it has been
proved that variable speed increases the energy capture and hence
more energy could be generated. In this respect it has been found
from various methods that there would be increase of 4-18% in
energy capture by variable speed than the fixed speed machines.

Reactive power control

Yaw control

Tower

When the voltage and current go up and down simultaneously ‘in
an AC supply’ there is no reactive power transmitted or consumed.
Wind turbines impact this current and voltage synchronisation
and result in ‘consumption of reactive power’. The adverse impact
due to wind turbines or ‘consumption of reactive power is
charged/compensated by utilities by charging for reactive power
consumption.

Synchronous generators are better than asynchronous
generators in reactive power handling. They are flexible in the
sense that they could be made to generate or consume reactive
power whenever required by altering the field current of the
machine. Thus, reactive power could be fed into the grid if
required by synchronous machines. Asynchronous machines,
whether in motoring or generating mode, are reactive power sinks
and need reactive power compensation by means of capacitors.
Switching surges of capacitors during their cutting in and cutting
off is a major concern if done by mechanical switches. This
concern could be minimized by introduction of power electronic
devices. Dynamically varying compensation systems could be
provided for smooth variation of capacitors.

The yaw control continuously orients the rotor in the wind
direction. The yaw bearing includes gear teeth around its
circumference. A pinion gear on the yaw drive engages with those
teeth, so that it can be driven in any direction. The yaw drive
normally consists of electric motors, speed reduction gears, and a
pinion gear. This is controlled by an automatic yaw control system
with its wind direction sensor usually mounted on the nacelle of
the wind turbine. Some times yaw brakes are used to hold the
nacelle in the position.

Two most common tower designs are, lattice and tubular. Lattice
tower is cheaper compared to the tubular tower and being usually
a bolted structure, makes it easy to transport. The external forces,

TERI Report No. 2008RT07
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primarily due to the wind and motions of the various components
of a wind turbine result in stresses. By nature, tubular tower is
stiffer than the lattice one. Secondly, since lattice tower has many
bolted connections, these connections need to be tightened and
checked periodically, thereby increasing the O&M. Moreover,
tubular tower allows full internal access to the nacelle.

It has also been established that tubular towers give a better
mitigation option to the problem of avian (birds) interaction with
wind turbines. This is due to the fact that the lattice towers offer a
lot of perch sites to birds.

The tubular towers are of either steel towers or concrete towers.
In India most of the towers for windmills are steel towers. Among
all the wind turbine manufacturers in India the only manufacturer
who uses both concrete and steel towers for windmills is Enercon
India Limited. Steel towers have an advantage that it can be easily
constructed and transported to the wind farm site and can be
erected easily. Concrete towers are made of cement concrete with
steel reinforcement and are precasted towers, which can be
transported to the wind farm sites and erected. Concrete towers
are mostly used for marine sites, especially for offshore windmills.

4. Development of wind power in India
The wind power development in India started in early 90’s with
demonstration wind power projects in Gujarat and Maharashtra.
Simultaneously, a wind resource assessment exercise was initiated
by the Ministry of Non-conventional Energy Sources (MNES),
presently renamed as Ministry of New and Renewable Energy
(MNRE), along with Indian Institute of Tropical Meteorology
(IITM). The first five volumes containing wind resource data for
sites in Andhra Pradesh, Gujarat, Karnataka, Kerala,
Lakshadweep, Madhya Pradesh, Maharashtra, Orissa, Rajasthan
and Tamil Nadu, were published by II'TM. With formation of
Centre for Wind Energy Technology (C-WET), the wind resource
assessment exercise along with testing and certification of wind
turbines is now undertaken by C-WET. Till now, C-WET has
published two volumes (vol VI and VII) of the “Wind Energy
Resource Survey in India”. With publication of seven volumes of
the wind data, the wind resource for 208 stations covering 15
states and 2 union territories has been published.

The total potential for wind power in India, based on the
resource assessments carried out under MNRE wind power
program, is about 45000MW distributed in different states as
given in Table 2 below.

Table 2 Estimated wind power potential in states

State Gross potential (MW) Technical potential (MW)
Andhra Pradesh 8275 2110
Gujarat 9675 1900
Karnataka 6620 1310

TERI Report No. 2008RT07



12 Feasibility Report for the proposed 100 MW wind power project in Gujarat

State Gross potential (MW) Technical potential (MW)
Kerala 875 610
Madhya Pradesh 5500 1050
Maharashtra 3650 3060
Orissa 1700 1085
Rajasthan 5400 1050
Tamil Nadu 3050 2150
West Bengal 450 450
Total 45195 14775

Source: Directory Indian Windpower 2006

Indian wind energy association has estimated that with current
level of technology the onshore potential for utilisation of wind
energyfor electricity generation is of the order of the 65,000 MW.
The unexploited resource availability has the potential to sustain
the growth of wind energy sector in India in the years to come.

The technical potential is estimated based on the availability of
grid, land and other infrastructure like roads etc.

The wind power projects are being supported and promoted by
Government through various financial and fiscal incentives. The
most important is the accelerated depreciation benefit for wind
energy projects. The other important factor is the power purchase
tariff for the power generated from wind projects. In 1993-94,
MNRE issued the guidelines for purchase of power from
renewable energy based projects. Subsequently, with the power
sector restructuring and passing of The Electricity Regulatory
Commission (ERC) Act—1998, the state electricity regulatory
commissions started playing crucial role in tariff determination of
power including power generation from renewable energy sources
like wind. The Electricity Act 2003 provided a major boost to
renewable energy sector through the specific mandate to the state
regulators to decide the minimum percentage of power to be
procured from renewable energy sources. Most of the states with
good wind resource have issued tariff orders for purchase of power
from renewables. This has created an assured market for power
from renewable energy sources. In addition to the sale of power,
the state regulatory commissions have also provided guidance on
consumption of power from renewable energy sources as a captive
use. As a result of the policy support and incentives, the total
installed capacity of wind power projects has reached 8757MW as
on 315t March 2008.

At present there are four major wind turbine manufacturers in
India viz. Enercon India Pvt. Ltd., Suzlon Ltd., Vestas Wind
Technologies India Pvt. Ltd. and Vestas R R B (Now RRB Energy)
India Ltd. The present business model in India is different from
that of the European model. In India, the wind turbine
manufacturer also acts as a wind power project developer.
Essentially, the turbines manufacturer purchases the land at
potential sites, undertakes its own wind measurement, develops
the site, undertakes the micro-siting of turbines, puts the
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13 Feasibility Report for the proposed 100 MW wind power project in Gujarat

necessary evacuation facility in place and facilitates the signing of
power purchase agreement (PPA) by the investors with the utility.
The manufacturer/developer also undertakes operation and
maintenance of the wind project.

The analysis of feasibility of wind power projects is specific to
the state policies and the potential wind resource sites along with
the turbine characteristics. The subsequent sections look into
these issues in detail.

5. Government policies
5.1 Central Government policies / legislations

Electricity Act 2003
The Electricity Act 2003 imposed an obligation on the regulator
towards promoting renewable energy. The section 86(e) clause 1 of
the Electricity Act 2003, as one of the functions of the state
regulatory commission, read as “to promote co-generation and
generation of electricity through renewable sources of energy by
providing suitable measures for connectivity with the grid and sale
of electricity to any persons, and also specify, for purchase of
electricity from such sources, a percentage of total consumption of
electricity in the area of a distribution licensee”. The state
regulator hence plays an active role in development of renewable
energy across states by creating a portfolio for renewable energy
purchase as well as by pricing of energy generated from them. The
tariff orders, which are the outcome of such regulation, state the
wheeling charges, banking provisions, third part sales, grid
interconnection requirements etc, in addition to purchase price for
different renewable energy projects including wind energy.

Renewable energy policy
Ministry of New and Renewable Energy sources (MNRE) has
formulated a draft comprehensive renewable energy policy. The
objectives of the policy are:
a) Minimum energy needs to be met from renewables
b) Decentralized energy options for agriculture, commercial,
residential and industry using renewables

The policy also aims at enhancing public private partnerships,
private investments as well as FDI also including fiscal and
financial incentives. Simplification of procedures, technology
upgradation, new technologies and export promotion are some of
the features. Incentives include tax holidays, 80% depreciation
benefits for first year of installation of the projects, custom duty
concessions, excise duty reduction, exemption from central sales
tax/octroi etc and financial assistance and soft loans.

Indian Renewable Energy Development Agency (IREDA)
provides the financing for renewable energy projects.
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Recently MNRE has released policy for generation-based
incentives for wind power projects. Under this policy a generation
based incentive of Rs. 0.50 per kWh will be given to the power
producers who are not getting the benefit of accelerated
depreciation, for up to 10 years. This incentive will be above the
tariff fixed by state electricity regulatory commission for the
purchase of power from wind energy projects. For getting this
benefit the power producer has to submit application in the
required format to the ministry and a copy to IREDA. The detailed
guidelines issued by MNRE for this is given in Annex X.

5.2 State government policies for development of wind resource in Gujarat
The government of Gujarat came up with a wind power generation
policy in the year 2007. The policy highlighted upon the following:
i) Wheeling charge is set at 4%

ii) Banking is allowed for 1 month
iii) Third party sale is permitted
iv) Only type tested wind machines can be set up in Gujarat.

The wind power policy of Gujarat is given in Annex I.

The Gujarat Electricity Regulation Commission, in its
regulation “Power procurement from renewable sources” dated
29/10/05, directs the distribution companies to purchase a
quantum (in percentage) of electricity from renewables. The
percentages are as given below.

Year Percentage
2006-07 1.0%
2007-08 1.0%
2008-09 2.0%

The Gujarat Electricity Regulation Commission came out with an
order on 11/08/06 in the matter of “Determination of price for
procurement of power by the Distribution Licensees in Gujarat
from Wind Energy Projects”. The main points of this order are:

i A general single part tariff for wind power generation is
considered

ii.  The total evacuation infrastructure cost is to be borne by the
developer

iii. A CUF of 23% has been considered by the commission in
order to determine the tariff

iv.  The capital cost considered is Rs. 4.65 Crore (inclusive of
evacuation arrangement cost) for 1 MW project.

v.  O&M expense of 1.5% of the capital cost with 5% escalation
was considered

vi. A tariff of Rs.3.37/kWh was arrived at which remains
constant for the entire project life of 20 years.

vii. It was decided by the Commission that GUVNL/distribution
company and the developer enter into agreement

viii. The reactive power charges are 10 paise/kVArh for the
drawal of reactive energy at 10% or less of the net energy

TERI Report No. 2008RT07



15 Feasibility Report for the proposed 100 MW wind power project in Gujarat

exported and 25 paise/kVArh for the drawal of reactive
energy at more than 10% of the net active energy exported.

ix.  The wheeling charges will be 4% of energy injected into the
grid

x.  25% of the gross CDM benefit procured by the developer will
be shared with the distribution licensee.

xi.  As per the order, for wind energy generating units set up
after 19th June, 2007 opting for self use, the generation shall
be set off against the owner’s monthly consumption at his
manufacturing or other facility in a distribution licensee
area. Any excess generation (over and above the set off
against monthly consumption) will be treated as sale to the
concerned distribution licensee at the tariff rate determined
by the Commission. Monthly, the consumption bills will be
adjusted against the generation and if generated units are
extra, tariff will be paid for the same by the distribution
licensee.

Other important issues

The developer is to register the project on per MW basis with
GEDA. The cost of registration is Rs. 50,000/- per MW with
maximum of Rs.2.5 lakh/project. The transfer charges of the wind
farm are applicable as Rs. 20,000.00 per MW. An annual fee of re-
certification of windmills is charged by GEDA at the rate of Rs.
10,000.00 per MW. The PPA will be signed between
GUVNL/distribution Company and the developer.

The energy generated from wind power can only be wheeled to
a maximum of two locations for self-consumption and surplus
generation would be considered to be sold to the distribution
company. The modality involved is to allocate particular wind
project with two of the locations and get them approved by
GUVNL. There is no previous experience of wheeling power to
locations outside GUVNL or in the private DISCOM area. But
according to GUVNL, the regulations remain same for private
discom areas also.

Inter state open access issues

The section 29 of Gujarat Electricity Regulatory Commission,
Open Access Regulation, Notification No. 13 of 2005, states “Open
Access will require implementation of the Intra-State Availability
Based Tariff (ABT) System”. The tariff order in the matter of
Determination of Price for procurement of power from Wind
Energy Projects issued by Gujarat Electricity Regulatory
Commission (Order No. 2 dated 11th August 2006) states that “As
wind energy cannot be scheduled, the commission has kept the
WEG’s out of the settlement mechanism linked with Unplanned
Interchange (UTI) rate (which comes into play in case of deviations)
under Intra State Availability Based Tariff”. Since wind energy
does not fall under ABT, and Gujarat has not yet implemented
ABT, the open access is not into operation as of today.
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6. Wind power development in Gujarat
Gujarat was one of the first states where development of wind
power started with first demonstration wind power project in 1985
and first private project in 1992. Presently all the four major
manufacturers of wind turbines are active in Gujarat as developers
of the wind projects. The present institutional set up is as follows.

Gujarat Energy Development Agency (GEDA): Preparation of
promotional policies for renewable energy projects including wind
power project is the responsibility of GEDA.

Gujarat Electricity Regulatory Commission: In the case of
renewable energy projects, GERC is responsible for deciding
purchase tariff, quota for renewables and other issues like
connectivity metering etc.

Gujarat Electricity Board (GEB) had promoted Gujarat State
Electricity Corporation Ltd. in the year 1993 for the
generation of electricity and Gujarat Electricity Transmission
Corporation Ltd. for the transmission of electricity generated
within the State of Gujarat. As a part of un-bundling process, the
Board (GEB) incorporated four new companies to be engaged in
distribution of electricity in the State of Gujarat viz. Uttar Gujarat
Vij Company Ltd. (UGVCL), Madhya Gujarat Vij Company Ltd.
(MGVCL), Dakshin Gujarat Vij Company Ltd. (DGVCL) and
Paschim Gujarat Vij Company Ltd. (PGVCL). Further, the Gujarat
Urja Vikas Nigam Limited was incorporated as a new company to
carry out the residual functions (including Power Trading) of GEB.

In the case of wind power projects the power purchase
agreement has to be signed with GUVNL. In the case of self-
consumption, the GUVNL can enter into a PPA on behalf of the
aforesaid four government distribution companies. However, wind
energy generators would have to enter into PPA with private
distribution companies - Torrent Power AEC Limited (TPAL) and
Torrent Power SEC Limited (TPSL) separately.

The total installed capacity based on wind energy in Gujarat
was 1253 MW as on March 2008. The analysis of wind power
investments in Gujarat shows that some of the corporates had
invested in wind power projects. These wind power projects
include projects by Ajanta Transistors, Arvind Mills, Indian
Petrochemicals Co. ltd. etc. Recently, i.e. after the recent tariff
order the corporates have invested in wind power projects in
Gujarat with sale of electricity to utility only. Some of the new
projects, which were commissioned in 2007-08, are DLF’s 150
MW project in Kuchchh district bu Suzlon and Hindustan Zinc
Ltd’s over 50 MW project in Jamnagar district by Enercon. As
mentioned above these investments are ‘sale to utility’ mode, while
as the “partly captive use, has higher returns. The higher returns
are due to the fact that the industrial electricity tariff in Gujarat
(Rs. 4.1) is higher than the tariff at which the utility buys
electricity (Rs 3.37) from wind power project.

6.1 Wind resource in Gujarat
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The state of Gujarat has one of the best wind potentials in the
country. The total identified wind power potential is 9675MW and
the total installed wind power capacity is about 1253MW as on
March 2008. It is endowed with one of the best wind resources in
India, with wind power densities in the range of 200—350 W/m?2 at
50 m height. The wind resource is spread in the costal regions of
Gujarat as well as in Rajkot and Surendranagar districts. The wind
speeds are in the range of 4—9 m/s with pre monsoon and
monsoon months, April to August, having higher speeds. The
southwest direction of monsoon winds is the predominant wind
direction. The wind resource published by C-WET identifies about
38 potential sites where the wind power density is above
200W/mz2. The details of these sites are given in Annex II. As can
be seen, the sites are clustered in districts of Jamnagar, Kutch,
Rajkot, Surendranagar, Porbandar, Junagarh, Amreli and Surat.
Out of 38 sites, there are 24 sites, shown in Table 3, which have
wind power density above 240W/m?.

Table 3 Wind sites with power density above 240W/m?

Wind power density
Station Tehasil District extrapolated to 50m
Butavadar 240
Amrapar (Gir) Keshod Junagarh 241
Jafrabad Rajula Amreli 242
Bamanbore Il Chotila Surendernagar 243
Suvarda Jamnagar Jamnager 243
Sinai Anjar Kutch 244
Gala Lalpur Jamnager 254
Okha Dwarka Jamnager 260
Nani Kundal Babra Amreli 278
Poladia Mandvi Kutch 278
Navadra Kalyanpur Jamnager 297
Jamanvada Lakhpat Kutch 299
Bayath Mandvi Kutch 300
Mundra Mundra Kutch 303
Adesar Bachhau Kutch 307
Motisindholi Naliya Kutch 31
Rojmal Gadhada Bhavnagar 317
Kalyanpur Kalyanpur Jamnager 327
Godladhar Jasden Porbander 345
Dhank Il Upleta Rajkot 367
Sanodar Ghoga Bhavnagar 373
Dhank | Upleta Rajkot 414
Surajbari Bhachau Kutch 444
Warshamendi Maliya Rajkot 499

These sites are concentrated in three wind belts — coastal areas of
Jamnagar and Kutch districts and bordering areas of Rajkot and
Surendranagar districts as shown in the map in Annex III.
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7. Site selection
For this study the sites currently being offered by different
developers in the state of Gujarat is analysed along with selected
sites of power density more than 240W/m?2 with different
parameters related to infrastructure in addition to wind resource.
The parameters investigated are described below.

7.1 Grid availability and road infrastructure
As per the order of the Gujarat Electricity Regulatory
Commission, on “Determination of price for procurement of
power by the distribution licensees in Gujarat from Wind Energy
Projects” the metering of power will be at 66 kV substations, which
would be the Gujarat Electricity Transmission Company (GETCO)
station. Thus, the power would be fed in to the grid at minimum
66 kV. If the wind power generation were for self-use, there would
be energy accounting in the bill received by the user from the
Distribution Company. Thus, the wind power project can be
anywhere in Gujarat irrespective of the location of self-use.

The grid map of Gujarat with 132 kV lines is given in Annex IV,
along with the list of 66kV substations, which was collected from
GETCO. The road network in the three wind belts is shown in
Annex IIT along with the wind belts. As it can be seen, good road
infrastructure exists in the prominent wind belts.

7.2 Land availability
In Gujarat, the model followed for development of wind sites is
through project developers. The wind turbine manufacturers who
are also the project developers assess the potential at the identified
site by collecting their own wind resource data as well as grid
availability in the area. The land is then purchased (in case of
private land) or leased (in case of Govt. land). Once the land is
purchased, approval of GEDA is sought. Thus, the information
available at GEDA is about those sites where the applications for
development of wind power projects have been received. As per
discussions with GEDA, and the developers of wind power,
following sites are being developed

Kutch District

Nakthrwa

Poladia and Bayat in Mandwi Tehsil

Surajbari in Bhachhau Tehsil by all developers
Motisindhoni in Naliya Tehsil

Wandhia by Vestas wind technologies India Limited
Jamnagar District

Suvarda in Jamnagar Tehsil

Samana by Enercon India Ltd.

7.3 Shortlisting of sites

With the objective to shortlist representative sites or wind belts
based on the grid and other infrastructure availability and land
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availability, a matrix of sites with information regarding the grid,
road and land availability was prepared as shown in Table 4. The
important criteria used for short-listing of three sites are grid
availability, wind power density at 50m heights and the potential
available. A site-wise detail of these criteria and the ranking are
provided in the Annex V.

Table 4 Short-listed wind sites

Site Tehasil District Total score
Warshamendi  Maliya Rajkot 24
Dhank | Upleta Rajkot 18.9
Jamanvada Lakhpat Kutch 16
Kalyanpur Kalyanpur ~ Jamnager 15.6
Bamanbore Il Chotila Surendernagar 15.6
Surajbari Bhachau Kutch 15.3
Mundra Mundra Kutch 14.7
Sinai Anjar Kutch 13.8
Butavadar Jamjodhpur  Jamnagar 13.2
Motisindholi Naliya Kutch 12.9
Bayath Mandvi Kutch 12
Okha Dwarka Jamnager 11.2
Dhank Il Upleta Rajkot 11
Suvarda Jamnagar  Jamnager 10.3
Gala Lalpur Jamnager 9.6
Adesar Bachhau Kutch 8.2
Navadra Kalyanpur ~ Jamnager 7.9
Poladia Mandvi Kutch 6.5

Based on the above sites assessed, three sites were selected for

further analysis of energy generation.

1. Warshamendi in the district Rajkot, the top-most ranking and
representing the sites with high wind resource

2. Kalyanpur, in Jamnagar district, medium ranking and
representing medium wind resource

3. Poladia, in kutch region with lower rank and representing the
low wind resource,

The reason for selecting these three sites is that they cover the entire
spectrum of sites available providing optimistic, average and pessimistic
scenarios. The detailed maps for the shortlisted sites along with the
nearby 66 kV substations are given in Annex VI.

The Warshamendi site is in Rajkot district. The site had a mast
installed by C-WET and data was collected by C-WET from
January to December 2000. The mast has been dismantled now.
This site is about 6km from sea and the land is arid and no crops
grow. The access road is good and railways network found
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adjacent to the site. Pipiliya is the nearest 66kV substation. It is 10
km away from the site and 16 km along the road length. Pipliya
sub station is equipped with 5MVA transformer, which has around
1 MVA as spare.

The Poladiya site is in Kutch district. The access road is good and
the land is barren. Both revenue and private land are available. A
256 kV line passes adjacent to the site. Nearest sub station is
Bayat, which is 20 km from Poladia. Bayat substation has a sSMVA
transformer. Suzlon has commissioned a wind farm of 20
turbines, each of 1.25MW capacity, adjacent to Bayat sub station.
A pooling sub station is setup inside the Suzlon wind farm, where
the voltage is stepped up to 66kV and then it is transmitted to
GETCO 66KV sub station at Bayat and directly fed into the grid.
The grid availability is 98% and above and the CUF of one of the
machines was recorded as 19.1% producing 21, 00,000 units per
annum.

The Kalyanpur site is in Jamnagar district. At Kalyanpur, NEPC
and Suzlon wind machines are present. The CUF’s are as follows:
NEPC (250kW) generated around 3Lakh units with 13.6 % CUF.
For Suzlon 350kW and 1250kW, CUF’s observed were of around
16% and 22% respectively. The land is arid and both revenue and
private land are available. GEDA has a pooling sub station which
feeds in power to the grid at Kalyanpur 66kV sub station. The
Kalyanpur sub station is 4km from the Kalyanpur site.

The details of the wind measurements at the three selected sites
are given in Table 5 below.

It is found that around the Kalyanpur site NEPC and Suzlons
wind turbines are already available. In Poladia site Suzlon has
installed some wind turbines. In Warshamedi site the process of
wind farm development is started now and Suzlon is approaching
for the development around this site. Vestas Wind technologies
India Itd. is currently active around the site near Wandhia village
in Kutch region. Enercon also is active around Jamnagar district
in Gujarat.

Table 5 Details of sites

Elevation Mast height Measurement  Airdensity ~ Shape
Site Latitude  Longitude (m) (m) period (kg/md) factor (k)
Warshamendi 220 58' 700 34' 3 20 Jan 02-Dec02 1.173 22
Kalyanpur 220 03' 690 24' 80 20 Nov 90-Nov95 1.164 24
Poladia 23°06' 690 12' 150 20 Aug 98-Jul2000 1.164 1.9

The wind data along with monthly wind rose for these three sites
is given in Annex VIIIL.
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The wind rose provides information about the wind direction.
All the three wind belts, represented by the three sites, have South
West as the prominent wind direction, with North as the second
highest direction in the months of November, December and
January. The highest wind speeds occur in the months of May,
June, July and August — primarily monsoon months. These sites
are in three different wind belts. The wind climate of these sites
can be assumed to be similar for the wind belts in which these
sites are located. The distribution of wind direction results in a
loss called wake loss through impact of other turbines in the windy
direction. Generally, the wake loss is in the range of 2-3 %. With
similar wind patterns i.e. wind rose at the three wind belts, a wake
loss of 3% is assumed for estimation of net generation.

The duration of wind data measurements at the sites in all
three-wind belts differs from 1 year to 2 years. The duration of
wind data affects the confidence level of generation estimations as
a result of possibility of variation in wind resource. It may also be
noted that for the site Kalyanpur the data measurement is for a
period of 5 years. However, the data is relatively old compared
with other two sites. Considering this, sensitivity analysis with +/-
10% change in generation was carried out for all the three sites.

8. Technical comparison of wind turbines

The wind turbines which have received C-WET certification and
which are above 500kW capacity are considered for evaluation.
Especially the turbines, which are currently being offered by
various developers suiting the site conditions of Gujarat, will be
considered. The updated list of C-WET certified turbines is given
in Annex VII.

The wind turbines are analysed based on the technical
specifications of the turbine as well as the experience of the
manufacturer. Based on the technical and operational parameters
an evaluation criterion was developed and the turbines are
analysed based on that criterion. The detailed description of
technical parameters used, comparison of technical features
between different makes, power curves and the ranking of turbines
is given in Annex IX; the total scores of the turbines are shown
below.

Table 6 Rating of turbines

Vestas wind Vestas Wind

Technologies ~ Technologies Vestas RRB Vestas RRB

Enercon Suzlon Suzlon India Pvt. Ltd India Pvt. Ltd India Ltd. India Ltd.
800 2100 1500 1650 750 500 600
10.2875 10.25 10.19 10.2075 10.0875 10.04 10.05

Based on the evaluation, the following turbines were short listed
for studying feasibility — Enercon 800kW, Suzlon 2100 kW (top
2), Vestas Wind technologies India Pvt. Ltd. 1650 and Suzlon 1500
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kW, (middle 2) and Vestas RRB Ltd. 600 kW and Vestas Wind
Technologies India Pvt. Ltd. 750 kW (lowest 2). Vestas RRB’s 500
kW turbines will not be considered for the study. Among these
turbines, currently the most widely offered turbines from the
manufacturers in India are Suzlon 1500 kW, Vestas India’s 1650
kW, Enercon’s 800 kW and Vestas RRB’s 600 kW turbines.
Though we have considered turbine S2100 for our study to
understand the aspects of wind energy generation and their
impact in financial calculations, but it is found that Suzlon is
currently not offering this turbine in India.

9. Energy generation analysis

Power (kW)

The estimation of the generation has been undertaken for the
three selected sites and for the six selected turbines. The monthly
generation has been estimated based on the monthly wind data,
wind rose data for each site. The monthly wind speeds along with
the monthly power law index have been used. The power law index
is used to estimate wind speed at a height different than the height
of wind speed measurement.

Based on the monthly average wind speed and the shape factor
‘K’ the monthly frequency distribution curve can be plotted. Figure
4 shows the frequency distribution curve with turbine power curve
superimposed on it. The area under both these curves is the
monthly energy generating, shown as shaded area in figure.
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Figure 4 wind power generation

The above figure is monthly distribution for the month of June at
Warshamendi with power curve of S1250 turbine. The area under
the curve gives the monthly generation.

To get the monthly generation by above method, the monthly
average wind speed with the shape factor and monthly power law
index has been used along with the power curves of different
turbines. A RETScreen model has been used to estimate the
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monthly Capacity Utilisation Factor (CUF) using above method,
and based on the CUF, monthly energy generation is estimated.
Different correction factors are considered for different losses. The
correction factors are explained below.

1. Air density correction

The power curves are estimated at standard air density of
1.225kg/m3. The energy generation has been corrected depending
upon the air density at the selected site.

2. Array losses

The loss due to other wind turbines is called as array loss. Array
loss is the range of 2-3%. The array loss of 3% has been considered
for energy estimation.

3. Machine availability

The loss due to machine not available for generation is assumed
5% of total energy generation estimated. The manufacturers
provide machine availability guarantee of about 95% to 97%.

4. Grid availability
The loss due to unavailability of grids is considered as 5% based on
the general practise in the energy generation estimations.

5. Transmission losses

The metering of energy by the utility is done at the high-tension
side of the step up transformer i.e. on the 66 kV side in case of
Gujarat. The transformer losses and the transmission losses are
considered at 5%.

6. Uncertainty
A correction factor of 5% is applied for uncertainty in the flow of
wind.

The month-wise net generation of different turbines at different
sites has been estimated after deducting above-mentioned losses
from the estimated gross generation. For ease of comparison, the
generation in terms of the net CUF is given below for all the
turbines at three selected sites.

Table 7a Monthly CUF (in %) at Warshamendi

Month Vestas RRB  Vestas India Vestan India Suzlon Suzlon Enercon
600 kW 750 kW 1650 kW 1500 kW 2100kW 800 kW
January 18.91 16.64 27.24 22.70 31.02 28.75
Feb 16.64 14.37 24.21 19.67 27.24 24.97
March 21.94 17.40 27.24 26.48 30.26 28.75
Apr 37.07 32.53 43.88 39.34 46.15 45.39
May 49.93 47.66 53.71 52.96 52.96 54.47
June 43.88 39.34 49.93 48.42 51.44 50.69
July 49.17 46.15 53.71 52.96 52.96 53.71
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Month Vestas RRB  Vestas India Vestan India Suzlon Suzlon Enercon
600 kW 750 kW 1650 kW 1500 kW 2100kW 800 kW
Aug 40.85 35.56 46.91 45.39 48.42 47.66
Sep 34.04 28.75 38.58 37.83 40.85 39.34
Oct 12.10 8.32 15.13 15.13 17.40 15.89
Nov 12.10 9.83 18.16 15.13 21.18 18.91
Dec 10.59 9.08 18.16 12.86 21.94 19.67
Annual 28.94 25.47 34.74 32.40 36.82 35.68

Annual average CUF at Warshamendi, based on all turbines, is 32.34%.

Table 7b Monthly CUF (in %) at Kalyanpur

Month Vestas RRB  Vestas India  Vestan India  Suzlon 1500 Suzlon Enercon

B00KW 750 kW 1650 kW kW 2100 kW 800 kW
January 24.02 22.52 33.03 28.53 35.28 33.78
Feb 22.52 21.02 30.78 27.03 33.03 31.53
March 23.27 21.77 31.53 27.03 33.03 31.53
Apr 23.27 21.77 30.03 25.52 30.78 30.03
May 27.03 24.77 33.03 28.53 33.78 33.78
June 30.78 29.28 36.79 30.78 36.03 36.79
July 34.53 33.03 41.29 35.28 42.04 42.04
Aug 28.53 27.03 36.03 30.78 36.03 36.03
Sep 18.02 16.52 24.77 21.02 25.52 24.77
Oct 15.01 14.26 22.52 19.52 24,02 22.52
Nov 24.02 22.52 33.03 28.53 35.28 33.78
Dec 22.52 21.02 32.28 27.78 34.53 33.03
Annual 24.46 22.96 32.09 27.53 33.28 3247

Annual average CUF at Kalyanpur based on all turbines is 28.80%.

Table 7¢ Monthly CUF (in %) at Poladia

Vestas RRB  Vestas India  Vestan India Suzlon Suzlon Enercon
Month 600 kW 750 kW 1650 kW 1500 kW 2100 kW 800 kW
January 16.52 15.01 22.52 21.02 24.77 23.27
Feb 19.52 18.77 26.28 24,02 27.03 26.28
March 24.02 22.52 31.53 29.28 33.03 32.28
Apr 29.28 28.53 36.79 34.53 38.29 37.54
May 24.77 24.02 30.03 29.28 30.03 30.03
June 31.53 30.03 36.79 36.03 37.54 37.54
July 30.03 28.53 35.28 33.78 35.28 35.28
Aug 25.52 24.02 30.78 29.28 30.78 30.78
Sep 21.02 20.27 27.78 26.28 29.28 28.53
Oct 12.01 11.26 17.27 15.77 18.77 18.02
Nov 13.51 12.76 20.27 18.02 21.77 21.02
Dec 14.26 13.51 20.27 18.77 22.52 21.02
Annual 21.83 20.77 27.96 26.34 29.09 28.47

Annual average CUF at Poladia based on all turbines is 25.74%.
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The CUFs are higher than the CUF assumed in the GERC tariff
order. The CUF in tariff order is based on average of existing
turbines, and Gujarat has large number of old turbines starting
with individual capacity of 55kW to 600kW. The CUFs, as
mentioned earlier are estimated based on the site wind resource
measured over one year and there could be actual +/-10%
variation in generation. This aspect has been covered in the
sensitivity analysis.

Net monthly generation in kWh/MW estimated from each wind
turbine at all three sites are given below in Table 8a, 8b and 8c. A
sample sheet for this calculation is given in Annex XII

Table 8a Net monthly generation at Warshamendi site (kWh / MW)

Warshamendi
Month RRB600 NM 750 NM 1650 S1500 $2100 E800
January 140715 123829 202630 168858 230773 213887
Feb 111846 96594 162685 132182 183021 167769
March 163230 129458 202630 197001 225144 213887
Apr 266905 234223 315928 283246 332269 326822
May 371488 354602 399631 394003 394003 405260
June 315928 283246 359505 348611 370399 364952
July 365860 343345 399631 394003 394003 399631
Aug 303945 264545 348974 337716 360231 354602
Sep 245117 206988 277799 272352 294140 283246
Oct 87153 59917 108941 108941 125282 114388
Nov 87153 70812 130729 108941 152517 136176
Dec 78801 67543 135087 95686 163230 146344
Total 2538139 2235102 3044169 2841539 3225011 3126964

Table8b Net monthly generation at Kalyanpur site (kWh / MW)

Kalyanpur
Month RRB600 NM 750 NM 1650 S1500 S2100 E800
January 178734 167563 245759 212246 262515 251344
Feb 151347 141257 206841 181616 221975 211886
March 173148 161977 234588 201075 245759 234588
Apr 167563 156752 216210 183778 221615 216210
May 201075 184319 245759 212246 251344 251344
June 221615 210805 264857 221615 259452 264857
July 256929 245759 307198 262515 312784 312784
Aug 212246 201075 268100 229002 268100 268100
Sep 129726 118915 178373 151347 183778 178373
Oct 108105 102700 162157 140536 172968 162157
Nov 172968 162157 237831 205399 254047 243236
Dec 167563 156392 240173 206661 256929 245759
Total 2141018 2009671 2807846 2408038 2911266 2840637
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Table8c Net monthly generation at Poladia Site (kWh / MW)

Month

Poladia
RRB600 NM 750 NM 1650 $1500 $2100 E800

January
Feb
March
Apr
May
June
July
Aug
Sep
Oct
Nov
Dec
Total

122879 111708 167563 156392 184319 173148
131167 126122 176571 161437 181616 176571
178734 167563 234588 217831 245759 240173
210805 205399 264857 248641 275668 270262
184319 178734 223417 217831 223417 223417
227020 216210 264857 259452 270262 270262
223417 212246 262515 251344 262515 262515
189904 178734 229002 217831 229002 229002
151347 145942 199994 189184 210805 205399

86484 81079 124321 113510 135131 129726

97294 91889 145942 129726 156752 151347
106123 100538 150806 139636 167563 156392
1909494 1816163 2444433 2302815 2542808 2488215

10. Project cos

t

10.1 Capital cost

The capital cost of wind project along with the break-up is
provided in the Table g below. This cost is based on the present
trends and actual project costs offered by different wind turbine
manufacturers and developers for site locations in Gujarat for
projects being developed presently. The broad cost components
are described below.

Feasibility, tendering and contracting: this includes the costs
for preparation of feasibility report, preparation and evaluation of
bids and finalisation of contract.

Project monitoring cost: The proposed model for implementation
of the project is through developers. Thus the project needs only
monitoring and inspection by GSPC officials and/or project
management consultants etc. The actual duration of
implementation is expected to be six months.

Technical consultancy: The cost included here is for validation of
the energy generation estimations for the proposed projects at
about Rs.10.0 lakh per project through independent consultant.

The developer would offer the turnkey costs for the wind power
project, which would include following broad elements.

Land: The land costs based on the quotations work out to be Rs
50,000/acre with requirement of 20 acres/MW for wind power
project. The area of land required is calculated on the basis of
arrangement of wind turbines in arrays. To minimise the loss of
energy due to wake effect the wind turbines in a wind farm are
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arranged in arrays with spacing of 3Dx5D, 5Dx7D, or 4Dx8D etc.
(D is the rotor diameter) to optimise the energy generation. Based
on this array arrangement the area requirement is calculated
approximately as 20 acre per MW.

Site development and civil work: This includes the costs for
levelling of site, development of roads, civil amenities like control
room/office/stores/rest rooms/water storage and foundation of
wind turbines. This estimate, based on the quotation, is about
Rs.45Lakh/MW.

Electrical equipments: This includes the transformers, switchgear
etc. for the wind power projects, which is about Rs 49lakh/MW.

Wind turbines: This includes the wind turbine, tower, hub, and
generator assembly. Based on the quotes, it is about Rs 490
Lakh/MW.

Erection and Commissioning: This includes the cost for erection of
wind turbines and commissioning of the wind turbines. This cost
is about Rs 20 Lakh/MW

Evacuation: This includes the cost of evacuation line, from the
wind turbines till the substation. The actual cost varies from
turbine to turbine depending upon the distance. However, the
average cost for a group of turbines is Rs 30 Lakh/MW.

Project Registration cost including cost of application processing
charges, PPA signing charges, and other processing charges is
taken as Rs. 1.0 lakh per MW.

In the case of proposed wind power project, the implementation is
suggested through wind project developer. In this case, the wind
project developer undertakes all the activities and there will not be
any additional contingency costs to the investor.

Table 9 Break-up of capital cost for wind power project

Cost Component Cost for 100 MW in RS. Lakh
Feasibility, tendering, contract 15
Project monitoring cost 50
Technical consultancy 10
Registration 100
Land 1000
Site development, civil work 4500
Electrical equipment # 4900
Wind turbines 49000
Erection and commissioning 2000
Evacuation 3000
Total 64575
Cost of financing** 452
IDC 2940
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Total project cost 67967
# includes cost of SCADA equipment
**70% debt @1. % of debt as processing charges

The insurance during construction is covered in above costs.
Further, as the expected construction period is about 6 months
(based on the offers given by the developers), for the projects,
which the developer primarily implements, thus no working
capital requirement has been considered in above costs. Though
the commissioning time may vary depending on the situations and
factors such as delay in land acquisition, delay in clearances and
approvals, and some social issues like public opposition etc. but
these will not be considered effective in the cost as there are no
major problems of these kinds faced by the developers in Gujarat.

10.2 The operation and maintenance costs
The present model for O&M of wind projects is based on the
annual maintenance contracts (AMC) offered by the wind turbine
manufacturers. The O&M for the first year is sometimes offered
free and for subsequent years the O&M is undertaken based on the
AMC. There is about 5% increase in the AMC costs annually. The
annual O&M costs, based on the AMCs, are about Rs.11.65
Lakh/MW. In addition, annual insurance of about Rs.1.5
Lakh/MW also has been considered. Along with this the
recertification cost of Rs. 10,000.00 per MW will be included in
the O&M cost per year.

11 Financial analysis
11.1 Assumptions

1. 80% accelerated depreciation considered

In case of accelerated depreciation, it was assumed that GSPC has
tax liability, which can absorb the depreciation benefit. The tax
benefit as a result is shown as revenue inflow in the project.
Further, the depreciation benefit can be different depending upon
the date of commissioning of the project. If the project is
commissioned before 30t September, full benefit of the
accelerated depreciation can be availed. In case of project
commissioning after 3oth September, only 50% of eligible
depreciation can accrue in that financial year. It is estimated that
the project would be commissioned before September 2009 and
full depreciation benefit in the first year has been considered for
analysis.

2. The tax benefit under Section 80IA of the Income Tax
Act

As per this section, the infrastructure projects can get tax holiday

for 10 years. Wind power projects are eligible for Section 80IA
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benefit. Here, the Minimum Applicable Tax (MAT) that is
applicable along with the surcharge (10%) and Education Cess
during the period when Section 80IA benefit is taken are not
considered in financial calculation as GSPC is already paying the
MAT.

3. Costs

The capital cost and the O&M costs as given in the section on
Project Cost have been used. Escalation in O&M has been assumed
as 5%.

4. Energy generation
The analyses have been carried out with short listed 3 sites and six

turbines and the generation in each case is used for the financial
evaluation.

Norms Used for the financial evaluation:
5. Debt equity ratio: 70:30
6. Interest rate: 12.25%

7. Loan repayment period: 10 years including the moratorium
period. Payment on quqrterly basis.

8. Moratorium: 1 year
9. Loan processing: 1 % of loan
10. Project life: 20 years

11. Reactive power compensation: Assuming 3% reactive
power consumption of net generation @Rs0.10/unit.

11. 2 Financial analysis of the projects

As per norms specified
The financial analysis is carried out assuming total capacity of 100
MW; it is assumed that the complete generation is sold to the
utility at the tariff Rs.3.37/unit.

The IRR and RoE have been estimated for a 100 MW total
capacity with each of the six selected turbines and at each of the
three sites. This is summarised in Tables 10a, 10b and 10c. Table
11 gives the debt service coverage ratio (DSCR) for each site.
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Table 10 RoE , IRR(in %) and Payback Period with full 80% depreciation in first year

10a. Site: Warshamendi

Turbines ROE (%) IRR (%) Payback (years)
S2100 32.41 18.46 11
E 800 29.94 17.75 12
S1500 23.00 15.64 13
NM1650 27.89 17.15 12
Nm750 10.10 10.82 18
RRB600 16.20 13.30 15
10b. Site: Kalyanpur

Turbines ROE (%) IRR (%) Payback (years)
S 2100 24.65 16.16 13
E 800 22.98 15.63 13
$1500 13.50 12.25 16
NM1650 22.21 15.39 13
Nm750 5.96 8.85 >20
RRB600 8.34 10.01 20
10c. Site: Poladia

Turbines ROE (%) IRR (%) Payback (years)
S 2100 16.30 13.33 15
E 800 15.15 12.90 15
S1500 11.41 11.39 17
NM1650 14.24 12.55 16
Nm750 2.59 7.06 >20
RRB600 4.20 7.94 >20

The Debt Service Coverage Ratio (DSCR) has been calculated for
different turbnes at each of the three sites and is presented in the
table 11 below. The detailed calculation sheet is given in Annex

XIII.

Table 11 DSCR at each site with all turbines

Site: Warshamendi

WTG 1 2 3 4 5 6 7 8 9 10  Average
$2100 283 13 114 110 1147 126 135 147 161 179 151
$1500 270 123 100 095 101 108 117 126 138 153 133
E800 280 132 110 106 113 121 131 142 155 172 146
M1650 277 130 107 103 110 147 127 137 151 167 142
NM750 250 102 077 071 075 081 087 094 102 113 1.05
RRB600 260 112 088 083 088 094 102 110 120 133 119
Site: Kalyanpur
WTG 1 2 3 4 5 6 7 8 9 10 Average
$2100 273 125 1.02 098 1.04 111 120 130 143 158 1.36
$1500 256 108 084 078 083 08 095 1.03 113 124 1.13
E800 270 123 099 095 101 108 116 126 138 153 1.33
NM165 269 121 098 093 1.00 107 115 125 136 151 1.32
0
NM750 243 094 069 062 066 070 075 08 089 098 0.95
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RRB60 247 098 074 067 071 076 082 089 097 1.07 1.01
0

Site: Poladia

WTG 1 2 3 4 5 6 7 8 9 10  Average
$2100 261 112 089 083 08 09 102 110 121 133 1.19
$1500 253 104 080 074 078 084 090 097 106 117 1.08
E800 259 110 087 081 08 092 099 107 117 130 1.17
NM1650 257 109 08 079 084 090 097 105 115 127 1.15
NM750 237 087 062 055 058 062 066 071 077 085 0.86
RRB600 240 090 065 058 062 066 071 076 083 091 0.90

It is clear from above analyses that Poladia site has very low
financial viability with the IRR below 13% for almost all the
turbines except S2100. Further, the Debt Service Coverage Ratio at
the Poladia site goes below 1 for some years for all the turbines and
the average DSCR is below 1 for turbines NM750 and RRB600 and
is just above 1 for turbines S1500/E800/S2100/NM1650. Thus,
the sites with lower wind resource should not be considered for
the wind power project.

The turbine NM750 is showing IRR below 13% at each of the
three sites. The turbines RRB600 and S1500 are showing financial
viability at Warshamendi whereas the IRRs are below 13% at
Kalyanpur. The DSCR for turbine S1500 remains above 1 at
Warshamendi site except for one year but goes below 1 for five
years at Kalyanpur site. The DSCR for RRB 600 goes below 1 for
all the sites. Thus, the viability for these turbines is dependent on
site. The Enercon E800, NM1650 & S2100 are having higher
returns than the above two turbines at all the three sites.

Based on he above analysis it can be inferred that the turbines
such as NM750 (which shows the IRR below 13% for all the sites
and gives payback period greater than 20 years for two sites
Kalyanpur and Poladia) should not be considered for the wind
power projects, also the sites wth lower wind resources may not be
considered for the project. Turbines E800, S2100, S1500,
NM1650, and RRB600 should be considered for the project. The
wind farm developers may be asked to offer these turbines or even
better turbine in the sites having higher wind resources in their
bid during the tendering process.

Cost of generation
Using the straight-line depreciation, the average cost of generation
was estimated for a period of 20 years (Life span of wind power
project).

Table 12 Average cost of generation for 20 years

WTG S$2100  S1500 E800 NM1650 NM750 RRB600
Cost of Warshamendi 2.00 2.27 2.06 2.12 2.88 2.54
generation Kalyanpur 2.21 2.68 2.27 2.29 3.20 3.01
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Rs/kWh Poladia 2.53 2.80 2.59 2.64 3.55 3.37

A standard methodology was followed for levelised cost
estimation. It may be noted that once the investment is made, the
cost of generation would remain as estimated without any
escalation, as there are no cost components like fuel costs which
can escalate. Thus the generation cost would remain as estimated
for next 20 years. The same cannot be said for the present
electricity costs in Gujarat, as the costs would escalate over the
period of next 20 years. Further the cost of generation depends on
the total amount of electricity generated. It is clear from the above
table that the cost of generation is lower at Warshamendi site as
this id the highest wind power density site an the estimated energy
generation from all the turbines are higher for this site.

11.3 Sensitivity analysis
The energy generation may vary depending on the availability of
the wind throughout the year, and also the cost of wind machine
may be different at the time of project development depending on
the raw material cost, equipment cost, site development cost etc.
These variations in generation and cost is considered here and the
sensitivity analyses were carried out at Kalyanpur site, taking into
consideration two prominent parameters
a) Generation remaining constant and cost varying by +/- 5%
b) Cost remaining constant and generation varying by +/- 10%

Table 13a Scenario A: Cost of turbine up by +5%,
generation remaining constant

Tubines  ROE (%)  IRR (%)

$2100 21.99 15.32
E 800 20.45 14.81
S1500 11.73 11.52
NM1650 19.74 14.57
Nm750 4.74 8.22
RRB600 6.96 9.35

Table 13b Scenario B: Cost of turbine less by -5%,
generation remaining constant

Tubines ~ ROE(%)  IRR (%)

$2100 271.77 17.10
E 800 25.95 16.55
S1500 15.57 13.06
NM1650 25.11 16.29
Nm750 7.38 9.56
RRB600 9.95 10.75

Table 13¢ Scenario C: Cost of turbine constant,
generation up by 10%
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Tubines ~ ROE(%)  IRR (%)

$2100 31.84 18.29
E 800 29.89 17.73
S1500 18.60 14.17
NM1650 28.99 17.47
Nm750 9.64 10.61
RRB600 12.44 11.82

Table 13d Scenario D: Cost of turbine constant,
generation less by 10%

Turbines  ROE (%) IRR (%)
$2100 17.97 13.94
E 800 16.59 1344
$1500 8.83 10.24
NM1650 15.96 1321
Nm750 2.46 6.99
RRB600 450 8.10

It is clear from the above analysis that the cost of the turbine as
well as the generation estimations has considerable impact on the
financial viability of the project.

The IRR increases by approximately 1.0 % point with 5%
increase in the cost and decreases about 1 % with 5% reduction in
the cost. Similarly for reduction in generation of 10% there is an
increase of approximately 2.0% in IRR and for increase in
generation of 10%, there is a decrease in IRR of approximately
2.0%.

The issue of fluctuation in cost & generation and resultant
lowering IRR is mitigated in project development with developer
approach through tendering. The lump sum costs received in the
tender would be firm and as the project has very short gestation
period, the cost escalation would not arise.

In case of generation, which is function of wind turbine as well
as location, the risk on wind turbine part is reduced by putting a
requirement of on site power curve testing of the wind turbine and
including it as a requirement in bid. Further, while evaluation the
bids sites, which give IRR below a fixed value (specified by GSPC)
would not be considered for further processing.

Thus through tendering, the best turbine/ site combination,
which would meet the financial norms, would get selected; there
by ensuring required returns even in worst case scenarios

11.4 Possibility of availing CDM benefits
India being a signatory of the Kyoto Protocol of the United Nations
Framework Convention on Climate Change (UNFCCC), projects
resulting in reduction of CO2 are eligible under the Clean
Development Mechanism (CDM). The wind power projects
producing clean power thus can result in to generation of
additional revenue through sale of Certified Carbon Emissions
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Reductions (CERs). The detailed procedure for registering the
projects with the Executive Board of the UNFCCC and availing the
CDM benefits is given in Annex XI.

12. Risk analysis

Payment security

In the tariff order of GERC for the payment of surplus energy sold
to the distribution company, the Commission had directed the
distribution company that “The Distribution Licensee shall make
payment for any such excess generation in a given month, before
the last day of the succeeding month”. This means that the
distribution licensee would make the payment for the surplus
power within a month’s time. The present track record of GUVNL,
for payments, is good and there are no major overdue for wind
power projects. There is provision for letter of credit (LC) for the
payments; however this has not been used by present investors in
Gujarat. The provision for LOC has been clearly mentioned in the
model PPA.

There is no additional security mechanism in place for
payments for wind energy projects. However, in case of long
delays, the investors can approach the regulatory commission
regarding delayed payments.

Entry Exit barriers

Technology

The wind energy projects are being developed on commercial scale
in India as well as in Gujarat so there are no major entry barriers.
In case of Gujarat, the wind tariff order has been issued on 11th
August 2006 and is applicable for projects set up exclusively for
selling power to utility. For projects for self-use the order is valid
from 20th June 2007. Presently, there are no projects finalised
with signed PPA for self-use under the new tariff order. The
discussion with the utility indicates that the terms and conditions
of the PPA would be same as earlier.

In the tariff order, it was mentioned that the PPA for self-use of
wind power would include penalty if the investor winds up the
projects before 20 years. However, the Commission would review
this matter when it considers the model PPA issue. Thus, there is a
possibility there would be some penalty for early exit. However, at
present there is no clarity on the applicability and extent of this
penalty.

The wind turbines presently being offered in India are state of the
art for the individual turbine capacities. The individual turbine
capacities are increasing world over and reaching the capacity of
5MW. However, these higher capacity turbines are developed a)
for offshore wind projects or/and b) for high wind regimes. India
being in medium to low wind regime, the maximum turbine
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capacities would remain about 2MW. The analysis carried out was
based on turbines with C-WET certification, thus, reducing
technology risk. In addition, while rating different turbines, the
years a particular turbine has been operational was considered as
one of the criteria.

Further, the ‘on-site power curve testing’ of turbines would be
an essential condition for bidders ensuring the turbine quality.

Risk during construction

Risk during construction may be such as delay in land acquisition,
delay in getting approvals and clearances for wind farm
development, delay in procurement of materials, labour problem,
etc. In Gujarat till now no major problems like above have been
faced by the developers, which may couse delay in construction
work. Generally the developers take all the clearances, well in
time.

Other energy sources

There would not be any risk as far as other energy sources are
concerned, as the project would have a long term PPA with the
utility and would not enter into the open market for bidding,
whenever it comes into force.

13. Environmental assessment

Pollution

Fire /Accident

Wind power is a clean source of energy and does not result into
any liquid, land or air pollution. Thus wind projects are exempted
from the requirement of carrying out Environmental Impact
Assessment (EIA) prior to the project implementation.

There is some noise pollution in the vicinity of the wind
projects. However, the wind projects are always in the remote
locations away from settlements, making the noise pollution levels
insignificant for general population.

Standard safety precautions are needed for the O&M personnel
since the maintenance involves climbing to the hub of the turbine
at 60-8om high. Standard industrial Injury and Illness Prevention
Program and fire precaution are required to be followed at wind
power project sites.

14. Steps involved in developing a wind energy farm

The implementation of the proposed wind farm could be done in
two ways.

1. Developer approach
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The developer/manufacturer carries out all the activities on behalf
of the client. The project developer procures suitable land, develop
the project with necessary permissions and approvals, install
turbines, provide grid connection, gets the agreements signed,
commission the project, hands over the same to the investor and if
required carries out the O&M for contracted period etc.

The advantages of the developer approach are:

1 GSPC will not be required to undertake any of the processes for
approvals, contracts, grid extension, site development as well as
erection/ commissioning of the turbines etc.

2. Another advantage is the time required to commission the
project. With the developer approach, the time required to
commission the project is about a year since all the clearances,
infrastructure development etc. is already planned/undertaken by
the developer.

3. Further, if GSPC has a long-term interest in developing wind
power projects, this initial project would provide experience in the
wind projects, which could be used for independent project
development subsequently.

The possible disadvantages of this approach are:

1. Limitation on choice of site depending on offers by developers
2. No option for opting Foreign based manufacturers turbines
3. Possible high cost as the developers may charge premium for

the sites controlled by them.

2, Setting up of the project by the GSPC

The procedure to develop the wind farm in this node is as follows:

= Feasibility studies involving tendering and contract

= Wind resource assessment which requires more than 1years
time

= Contour and land survey

= Micrositing study

» Hiring of a technical consultant for validation of micrositing

= Registration with GEDA

= Land procurement (18—20 acres/ MW): In case of Government
land: Selection of land, Collectors approval, Tehsildar’s
approval, forest department approval, if necessary. In case of
private land: Buying it from the villagers, approval of Tehsildar

= Approval from GEDA after filing an application.

= Assessment of power evacuation facilities

= Approval of GETCO after it conducts the load flow analysis

= Power purchase agreement with GETCO, GUVNL and GEDA

= Application of loan

= Site development and civil construction

= Preparation of bids for machine procurement and O&M
arrangements

= Bid evaluation

» Finalization of contract

= Erection and commissioning

= Development of evacuation facilities
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= Project commissioning

There are two agreements, one a PPA with GUVNL and another a
wheeling agreement with GETCO, which are required to be
entered into.

Advantage of this route:

1. Choice of site from all the declared windy sites. But with the
present scenario of most of the high potential sites being
captured by prospective developers, the choice can get
restricted.

2. Choice of turbines from foreign manufacturers

Disadvantages:

1. Need to undertake all the activities on its own, with little
experience, resulting in longer commissioning time.

2. Procurement of land without wind resource assessment can be
risky.

3. Doing wind assessment without procurement of land can result
in situation where some private developer might take
possession of the same before our purchase.

4. The possibility of getting turbines from the manufacturers with
the expected cost advantage is less given the current market
situation.

Thus, the recommended approach for the development of the
proposed wind project is through the developers.

The detailed pertchart for activities under both the
implementation modes is given below.

Activity chart

MONTHS
1] 2] 3 4 s 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

nent

Contour and land survey

Micrositing of wind turbines

Assessment of evacuation
facility with clearance

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
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/Activity chart

MONTHS

1 10[ 11| 12 17| 18

20

21

22

Preparation of bids

Floating — closing of tender

signing

Bid evaluation, validation of
micro-siting and contract

Power purchase agreement

Application for Loan

Erection and commissioning

It was noted that with the implementation through the developer

mode, the project commissioning would be before September
2008, while as in the case of self-implementation by GSPC, it

would take longer to commission the project.

Contractual agreements between wind farm/mill owners and GEB/power

utilities

viii.

A model PPA has been developed by GUVNL for having
agreements with the developer for sale of energy to utility. This
PPA is signed only after the approval is accorded from GEDA. The
obligations of the developer and GUVNL are given below:

Obligations of the developer

1.

1i.

iii.

iv.

vii.

The developer shall obtain all statutory approvals, clearances
and permits necessary for the project at his cost

The developer shall construct, operate and maintain the
project during the term of PPA at his cost and risk including
the interconnection facilities and the substation.

The developer shall sell all available capacity from identified
wind farms to the extent of contracted capacity on first
priority basis to GUVNL and not to sell to any third party.
The developer shall seek approval of GETCO in respect of
interconnection facilities and the sending station.

The developer shall undertake at its own cost
construction/upgradation of (a) the interconnection
facilities, (b) the transmission lines and (c) sending station as
per the specifications and requirements of GETCO as
notified to the developer.

The developer shall undertake at its own cost maintenance of
the interconnection facilities and the sending station
excluding the transmission line beyond the sending station
as per the specifications and requirements of GETCO as
notified to the developer, in accordance with prudent utility
practices.

The developer shall operate and maintain the project in
accordance with prudent utility practices.

The developer shall be responsible for all payments on
account of any taxes, cesses, duties or levies imposed by the
government of Gujarat or its competent statutory authority
on the land, equipment, material or works of the project or
on the electricity generated or consumed by the project or by
itself or on the income or assets owned by it.
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ix.

Xi.

For evacuation facility and maintenance of the transmission,
the developer shall enter into separate agreement with
GETCO, if applicable.

To procure start up power required for the plant from
respective discom.

The developer cannot inject the power three months earlier
to scheduled commercial operation date from wind turbine
generator.

Obligations of GUVNL are:

1.

ii.

To allow the developer to the extent possible, to operate the
project as a base load generating station.

To grant must run status to the project subject however to
emergency conditions.

Billing and payment provisions:
The billing is done on monthly basis and payments will be made
on the receipt of the tariff invoice raised by the developer.

The prevalent policies have been updated. However, since there
are no new sites, which have been developed for self-use under the
new policy regime, the nature of agreement and other formal
agreements are still in an evolving stage. All the information
collected is through discussions with GUVNL, GETCO officials and
developers.

Technical parameters/limits for supply of power generated from wind farm

i.
ii.
iii.

iv.

Nominal declared frequency to be 50 Hz

Final voltage at delivery point to be 132 or 66kV

Short circuit rating to be calculated by the developer and
produced to GUVNL. The tolerances and electrical
characteristics will be as per GUVNL/GETCO standards
The developer will be responsible for delivery of energy
conforming to GETCO/GUVNL standards

The PF of the power generated to be more than 0.8, or else
the developer would attract penalty.

List of approvals required for project implementation

1.

1i.

iii.

iv.

V.

Consent from GETCO for the evacuation scheme for
evacuation of the power generated by wind power projects.
Approval of the electrical inspectorate, Government of
Gujarat for commissioning of the transmission line and the
wind energy converters installed at the project site.
Certificate of commissioning of the wind farm project issued
by GEDA.

Permission from all other statutory and non-statutory bodies
required for the project.

Clearance from the Airport Authority of India, if required.

vi.Clearance from the Department of Forest, Ecology and
Environment, if required.
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15. Conclusion and recommendation
Gujarat has the highest gross wind power potential in the country
and only a limited number of projects have been commissioned so
far. Thus, it has the highest untapped potential. With the GERC
tariff order dated 11.8.2006 for wind power, the wind power
projects in Gujarat have become financially viable.

Based on the financial analysis as well as the site conditions,
the sites with low wind resource would provide lower returns as
indicated by the lower ROE, and IRR. Thus, the wind belts to be
focused are medium and high wind resource, with wind power
density above 300W/m?2 at 50 m height, as indicated by the
analysis of Warshamendi and Kalyanpur sites. These two wind
sites, representative of high and medium wind resource, would
provide good returns. as indicated by IRR above 13% and DSCR
above 1.

The generation from the 750kW capacity turbine of Vestas
Wind Technologies India Pvt. Ltd. is very less and yields very less
returns and thus should not be considered for the proposed wind
project. The turbines RRB600 and S1500 show financial viability
depending upon the wind resource at the site and size of the
project. Thus, these two turbines can be considered for inviting
bids. The Enercon E800 and NM 1650 are viable at all the three
sites and hence should be considered for inviting bids for the
proposed wind power project. Thus, the turbines to be considered
for the proposed wind project are Enercon 800kW, Suzlon and
1500kW, Vestas Wind Technologies India Pvt Ltd. 1650kW and
RRB Energy Limited’s 600kW. The turbines thus selected cover all
the major wind turbine manufacturers operating in India. The
recommendation for S2100 is notgiven here because of the fact
that the Suzlon Energy Limited is currently not offering this wind
turbine for Indian wind power projects. These four manufacturers
have about 95% of the market share in India. The remaining
turbine manufacturers, GE Wind and Pioneer Asia have turbines
with more than 500 kW capacitiy. Though at present the
GE1500kW and Pioneer 850kW turbines have not renewed the C-
WET certification, these may also be considered while inviting
bids with a condition that they should have C-WET certification
when the bids are submitted.

In the case of implementation of the project through developer,
it would not be sure that same sites, as analysed in this study,
would be offered. In such a scenario, based on the typical site-
wise analysis in the study, sites with wind power density above
300 W/m? at height of 50m, in the wind belt of coastal regions of
Kutch /Jamnagar and/or wind belt in the bordering area of Rajkot
and Surendranagar districts could be focused upon. These wind
belts have high concentration of sites with good wind resource like
Motisindholi, Mundra in Kutch district and Bamanbore,
Warshamendi, Dhank etc. in Rajkot district.

The capital investment for the proposed wind power project
would be about 679.67 cr, and the analysis shows that the IRR
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would be in the range of 10—16% with average wind site
(Kalyanpur) and different turbines.

The developer approach with tendering would mitigate the
possible fluctuations in cost and generation and would allow
selection of best site and turbine combination offered which would
make the project viable.

Considering the above, the investment in wind power project is
feasible and recommended to GSPC.

Methodology for project development
As analysed in section 14, the recommended approach for the
development of the proposed wind project is through the
developers. With almost all the wind turbine manufacturers
developing sites in Gujarat, there would be a choice of selecting
sites within the available options. The short listed turbines based
on the analysis, Suzlon 2100kW and 1500 kW, Enercon 800kW,
Vestas India Wind technologies Pvt. Ltd. 1650kW and Vestas RRB
India Ltd. 600 kW, cover all the major wind turbine
manufacturers in India. In addition to the turbines evaluated for
generation, there are two more manufacturers, GE Wind and
Pioneer Asia which also manufacturer turbines with capacity more
than 500kW. With these six manufacturers all the turbine
manufacturers in India are covered. Thus, tenders for the
proposed wind power project may be invited from these wind
turbine manufacturers.
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Annex |: Wind Policy, 2007

Wind Power Policy — 2007
Government of Gujarat
Energy and Petrochemicals Department
Government Resolution No.EDA-102001-3054-B
Sachivalaya, Gandhinagar

Dated the 13th June, 2007

The Government is keen on development of renewable energy sector, given the
dwindling resources of fossil fuels, increased threat of global warming and the
concern on environmental protection. The state is blessed with long coast line and
good wind speeds for harnessing of the Wind Energy. The State of Gujarat is
committed to have investment in Clean and Green Energy to reduce Carbon
Dioxide emissions. To accelerate the investment in this sector, there is a need to
extend Government support. In this context, it was under consideration of the
government to review the present wind power policy. In order to further tap the
potential of the Wind Energy, the State Government has decided to announce a
New Wind Power Policy — 2007 as follows:

RESOLUTION:

1. Title:
This scheme shall be known as the “Wind Power Policy — 2007”.

2. Operative Period:

This policy will come into force with effect from 20th June, 2007 and shall remain
in operation upto 30th June 2012, which will be the operative period of the
scheme. Wind Turbine Generators (WTGs) installed and commissioned during
the operative period shall become eligible for the incentives declared under this
policy, for a period of twenty years from the date of commissioning or for the life
span of the WTGs , whichever is earlier.

3. Eligible Unit:

Any company or body corporate or association or body of individuals, whether
incorporated or not, or artificial juridical person, will be eligible for setting up of
WTGs, either for the purpose of captive use and /or for selling of electricity, in
accordance with the Electricity Act -2003, as amended from time to time.
Explanation:- The use of electricity for own consumption at his end use location/s
by the owner of WTGs shall be considered as Captive use.

4. Eligible Sites:

The WTGs may be set up at sites notified by Gujarat Energy Development Agency
(GEDA) and/ or any other sites identified as potential site, within the State by the
Developer.
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5. Wheeling of Electricity:

The wheeling of electricity generated from the WTGs, to the desired location/s
within the State, shall be allowed at a wheeling charge of 4% of the energy fed to
the grid, as per Gujarat Electricity Regulatory Commission (GERC) order, as
amended from time to time.

6. Exemption from payment of Electricity Duty:

Except in case of Third Party Sale of electricity, the electricity generated from the
WTGs shall be exempted from payment of Electricity Duty. The sale of electricity
other than to GUVNL and/ or any Distribution Licensee in the State, shall be
considered as Third Party Sale of Electricity. In case of Third Party Sale, the
eligible unit shall have to recover the Electricity Duty from the purchaser, at such
rates, as applicable under the Bombay Electricity Duty Act 1958.

7. Exemption from Demand Cut:
Exemption from demand cut to the extent of 30% of the installed capacity of
WTGs, assigned for captive use purpose, shall be allowed.

8. Sale of Energy:

The electricity generated from the WTGs may be sold to GUVNL and/ or any
Distribution Licensee within the state, at a rate of Rs.3.37 per unit of electricity as
per GERC order, as amended from time to time. The requisite Power Purchase
Agreement (PPA) shall be done between the purchaser of power and the eligible
unit.

9. Third party sale of Energy:
The sale of electricity generated from the WTGs shall also be allowed to a third
party, in accordance with the GERC order, as amended from time to time.

10. Land:

The WTGs may be set up on private land, or revenue wasteland / GEDA land, if
available. The allotment of GEDA land on lease shall be done upon approval of the
Co-ordination Committee consisting of the following members.

i. ACS/ PS/ Secretary (EPD) Chairman

ii. AS/ JS/ Deputy Secretary (EPD) Member

iii. Chief Electrical Inspector & Collector of Elect. Duty Member

iv. General Manager (Comm.), GUVNL Member

v. Respective District Collector Member

vi. Director, GEDA Member Secretary

11. Plant and Machinery:

Second hand WTGs shall not be eligible for installation under this Policy. Only
such WTGs which are approved either by Ministry of New and Renewable Energy,
Government of India, or by recognized international test houses, shall be eligible.

12. Metering of Electricity:

The electricity generated from the WTGs, shall be metered on a monthly basis
jointly by GEDA/ GETCO at the sending sub-station of 66 kV or above, located at
wind farm site.
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13. Reactive Power Charges:
The drawl of reactive power shall be charged as per the GERC order, as amended
from time to time.

14. Nodal Agency:

GEDA shall be the nodal agency for implementation of the Wind Power Policy —
2007. Notwithstanding anything contained in this resolution, the provisions of
the

Electricity Act — 2003, and the GERC order, as issued from time to time, shall
prevail, for the purpose of the implementation of this policy.

This issues with the concurrence of the Finance Department’s note dated
27.12.2006 on this Department’s file of even number.

By order and in the name of the Governor of Gujarat.
(Bipin Patel)

Under Secretary to the Government of Gujarat
Energy and Petrochemicals Department

Copy to:

e The Principal Sec. to HE the Governor of Gujarat, Raj Bhavan, G'nagar (By
Letter)

¢ The Principal Secretary to the Hon. CM, Sachivalaya, G'nagar

¢ The PS to Hon. MoS (EP&F), Sachivalaya, G'nagar.

¢ The PPS to the Chief Secretary, Sachivalaya , G’'nagar

e The Additional Chief Secretary, Finance Department, Sachivalaya,G’nagar.

¢ The Principal Secretary, Revenue Department, Sachivalaya, G'nagar.

¢ The Principal Secretary, I&KMD, Sachivalaya, G'nagar.

¢ The Secretary, Gujarat Electricity Regulatory Commission, Ahmedabad.

¢ The Industries Commissioner, Udyog Bhavan, G'nagar.

o All the District Collectors, Gujarat State.

e The Chairman, GUVNL, Vadodara

¢ The Chairman, GEDA, G'nagar

e The Chief Electrical Inspector & Collector of Elect. Duty, Udyog
Bhavan,G’nagar.

¢ The Director, GEDA, G'nagar.

¢ The Managing Director, GUVNL/ GETCO/GSECL/ All DISCOMS

e The GM (Commerce), GUVNL, Vadodara.

¢ The Managing Director, Torrent Power Ltd. Ahmedabad.

e All Departments of Sachivalaya, G'nagar.

¢ All Branches of EPD

o The Select file

¢ The Personal file
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Annex Il: Wind sites in Gujarat

Sl. Measured  Extrapolated to
No Station Tehasil District at 20/25m 50m
GUJARAT
1 Adesar Bachhau Kutch 93 307
2 Amrapar (Gir) Keshod Junagarh 147 241
3 Amrapar (Seth) Jamjodhpur Jamnager 151 221
4 Bamanbore Il Chotila Surendernagar 171 243
5 Bayath Mandvi Kutch 118 300
6 Bhandariya Khambalia Jamnager 162 208
7 Butavadar Jamjodhpur Jamnagar 98 240
8 Dhank | Upleta Rajkot 312 414
9 Dhank Il Upleta Rajkot 327 367
10 Gala Lalpur Jamnager 175 254
11 Godladhar Jasden Porbander 144 345
12 Haripar Khambalia Jamnager 160 210
13 Harshad Kalyanpur Jamnager 164 239
14 Jafrabad Rajula Amreli 137 242
15 Jamanvada Lakhpat Kutch 149 299
16 Jasapar Dhari Amreli 104 214
17 Kagavad Jetpur Surat 141 212
18 Kalyanpur Kalyanpur Jamnager 208 327
19 Khambada Babra Amreli 126 204
20 Kukma Bhuj Kutch 150 239
21 Lamba Kalyanpur Jamnager 164 232
22 Limbara Wankaner Rajkot 166 227
23 Mahidad * Chotila Surendernagar 178 231
24 Motisindholi Naliya Kutch 118 311
25 Mundra Mundra Kutch 168 303
26 Navadra Kalyanpur Jamnager 183 297
27 Nani Kundal Babra Amreli 163 278
28 Navibander Porbander Porbander 153 213
29 Okha Dwarka Jamnager 150 260
30 Okhamadhi Kalyanpur Jamnager 129 209
31 Poladiya Mandvi Kutch 177 278
32 Ratabhe Halvad Sure