Tamil Nadu Electricity Regulatory Commission

Consultative Paper on “Comprehensive Tariff Order for Solar Photovoltaic
and Solar Thermal Power Plants up to 3 MW having grid connectivity below
33 kV level”

(Comments/Suggestions are invited on or before 20-05-2010)
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2.0 Need for the consultative paper
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4. Renewable sources of energy: Regulatory Framework and Related
provisions in the Electricity Act and National Policies:
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“6.4 ........... It will take some time before non-conventional technologies

can compete with conventional sources in terms of cost of electricity.
Therefore, procurement by distribution companies shall be done at preferential
tariffs determined by the Appropriate Commission.

(2) Such procurement by Distribution Licensees for future requirements

shall be done, as far as possible, through competitive bidding process under
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Section 63 of the Act within suppliers offering energy from same type of non-
conventional sources. In the long-term, these technologies would need to

compete with other sources in terms of full costs.”
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% %
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FIntegrated Energy Policy Report”

E&

Policy for Renewable and Non-Conventional Energy Sources [Chapter 7
Para 3 of IEPR]

“Respective power regulators should mandate feed-in laws for renewable
energy, where appropriate, as provided under the Electricity Act and as
mandated in many countries. The following specific policies to promote various
renewables are recommended. .....................

Solar thermal power plants: The economic viability of solar thermal plants has not
yet been fully established. To encourage entrepreneurs to invest in the
technology, a higher premium on feed-in tariff may be given. The higher premium
can be justified on grounds of the higher risk and may be made available only to
the first 5000 MW of solar thermal plants.

Solar photovoltaic: Although the present cost is very high, since the ultimate

potential is very large, incentive to commercialize and lower the cost may be
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provided through a higher feed-in tariff, again for the first 5000 MW of installed

capacity”.

Jawaharlal Nehru National Solar Mission
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5. Policy Guidelines for Generation Based Incentive for Grid Interactive
Solar Power Generation Plants
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5.1Jawaharlal Nehru National Solar Mission (JNNSM) guidelines for

Selection of New Grid Connected Solar Projects under Phase 1 of
JNNSM;

w

4 572 +,

? : 4 4
| .-

: +5 ? )., ?
-—%:

? "
0::0 ? ' 92 'Y 0::0
$ ? 9 )sss 2

Consultative Paper on “Comprehensive Tariff Order for Solar Photovoltaic and Solar
Thermal Power Plants up to 3 MW having grid connectivity below 33 kV level”

9/41



$ 0o "3 0::0
F J A B

5.2Guidelines for Rooftop PV and other small Solar Power Plants
connected to distribution network (below 33 kV) under JNNSM;
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6.0 Initiatives taken by Central Electricity Regulatory Commission (CERC)
to promote solar power
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7.0 Initiatives taken in Tamil Nadu to promote solar power
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“The quantum of grid connected solar system in Tamil Nadu is at present only 0.165 MW
and that of India is 47 MW. The capital cost required for installing a solar generating
station is 30 times more than that of the conventional generating station. Technical
advancements are being achieved in the field of tapping of solar energy. The number of
grid connected solar generators is yet to take off to the desired level. Hence, the
Commission can specify the cost of purchase of solar energy separately. ”
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8.0 Electricity generation from solar power —available technology
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9.0 Power scenario in Tamil Nadu
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10.0 Applicability of this order
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““4(2) While deciding the tariff for power purchase by distribution licensee from new and
renewable sources based generators, the Commission shall, as far as possible, be guided
by the principles and methodologies specified by:
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(a) Central Electricity Regulatory Commission

(b) National Electricity Policy

(c) Tariff Policy issued by the Government of India
(d) Rural Electrification Policy

(e) Forum of Regulators (FOR)

(f) Central and State Governments™

“(3) The Commission shall, by a general or specific order, determine the tariff for the
purchase of power from each kind of new and renewable sources based generators by the
distribution licensee ........................

(5) While determining the tariff, the Commission shall adopt appropriate financial and
operational parameters.

(6) While determining the tariff the Commission may adopt appropriate tariff
methodology.”
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+5 levellised basis has been

determined by SERCs shall alone be considered
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Para 6.4(1): Pursuant to provisions of section 86(1)(e) of the Act, the appropriate
Commission shall fix a minimum percentage for purchase of energy from such sources
taking into account availability of such resources in the region and its impact on retail
tariffs. Such percentage for purchase of energy should be made applicable for the tariffs
to be determined by the SERCs latest by April 1, 2006. It will take some time before non-
conventional technologies can compete with conventional sources in terms of cost of
electricity. Therefore, procurement by distribution companies shall be done at
preferential tariffs determined by the appropriate Commission.

Para 6.4(2): Such procurement by distribution licensees for future requirements shall be
done, as far as possible, through competitive bidding process under Section 63 of the Act
within suppliers offering energy from same type of non-conventional sources. In the long-
term, these technologies would need to compete with other sources in terms of full costs
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12.0 Components of tariffs
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12.1 Capital Cost
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. Therefore, Commission proposes to

consider a capital cost of Rs. 16.90 Crores / MW for solar photovoltaic

power project and Rs. 15.30 Crores / MW for solar thermal power project as

suggested by CERC in their order dated 25-02-2010.

12.2 Capacity Utilization Factor (CUF)
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As the solar insolation level in Rajasthan is slightly higher than in Tamil

Nadu, the Commission proposes to consider a CUF of 19% for solar PV

project and 23% for solar thermal project as recommended by CERC in

their Terms and Conditions for Tariff determination from Renewable Enerqy

Sources Requlations, 2009

12.3 De-Rating Factor

A 3 6 3/7#3
#H/#3 b6 [H#3 2

) > ), $
% $ 1 Hence, the

Commission proposes to adopt 1% derating factor for every year after 10

vears of operation for solar PV / Thermal Power Plants.

12.4 Debt - equity ratio

(
4 E$ 70:30 should be adopted.
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12.5 Term of the loan

3/7#3 ), #/7A(
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& terms of
loan as 10 years with one year moratorium period.
4
12.6 Interest rate on Loan
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Considering the above, Commission proposes an interest rate of 12%.

12.7 Interest on Working Capital
3 / # 3
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Considering the above, Commission proposed to adopt an interest rate of

12% on working capital as considered in order No. 2 and 3 of 2009 by the

Commission along with the following working capital component:

Solar PV | Solar Thermal
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12.8 Return on equity
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Commission proposes to adopt the same rate of 19.85% pre-tax RoE for the

solar power projects also. # /

12.9 Life of plant and machinery

A #H 3
+,4+5 -
Organization Life Span
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Based on the above, Commission proposed to consider the plant life of 25

vears for the solar power projects.

ﬁ

Consultative Paper on “Comprehensive Tariff Order for Solar Photovoltaic and Solar
Thermal Power Plants up to 3 MW having grid connectivity below 33 kV level”

26/41



12.10 Depreciation of plant and machinery
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It is proposed to adopt the rate prescribed in the CERC’s requlation, i.e.

depreciation rate of 7% for the initial 10 years and 1.33% for the remaining

years.

12.11 Operation and maintenance expenditure
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Name of the ERC | O&M expenses 9 ;
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+,,18), O&M expenses for

solar PV projects for the first year of the Control period (2010-11) shall be
Rs.9.515 Lakhs per MW and shall be escalated at the rate of 5.72% per

annum for the remaining periods. The O&M expenses for solar thermal

power projects for the first year of the Control period (2010-11) shall be
Rs.13.74 Lakhs per MW and shall be escalated at the rate of 5.72% per
annum for the remaining periods. O # L ? "

% 4

12.12 Auxiliary Consumption
3/#3 /H#H3 10% for solar
thermal power projects. 3
4

ﬁ

Consultative Paper on “Comprehensive Tariff Order for Solar Photovoltaic and Solar
Thermal Power Plants up to 3 MW having grid connectivity below 33 kV level”

28/41



% L &
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Therefore, Commission believes that 2% of auxiliary

consumption is sufficient for solar PV power plants.

13.0 Tariff rate
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Description of
financial and
operating parameters

Solar PV Projects

Solar thermal Projects
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with 12% interest.

with 12% interest.

Cost plus single part
levellised average
tariff for 25 years

Rs. 17.10 / kWh.
(Annexure-3)

Rs. 14.38 / kKWh.
(Annexure-4)
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14.0 Related Issues
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14.2 Reactive Power Charges
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14.3 Grid Availability Charges
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14.6 Payment Security to the SEGs
0] " $ %

O ) +,,I +1&’_&+1’I )*

14.7 Metering and Communication Arrangements
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14.8 Evacuation arrangement
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“3(3) Evacuation facilities shall be provided by the State Transmission Utility (STU)
[Distribution licensee as per the Commission’s Intra State Open Access Regulations
2005, Central electricity Authority (Technical Standards for connectivity to the Grid)
Regulations, 2006 and Tamil Nadu Electricity Grid Code. The cost of interfacing lines,
switch gear, metering, protection arrangement and related other equipments up to the
interconnection point shall have to be borne by the generators, but the work shall be
executed by STU/distribution licensee. The developer may be permitted to execute the
works as per the terms and conditions of the STU/Licensee.

Provided that, in the case of sale of entire power to the distribution licensee by any new
and renewable source based generator, the cost of interfacing lines up to the
interconnection point shall have to be borne only by the STU/ distribution licensee.

Provided further that in case where the new and renewable source based generator
referred to in the first proviso who has entered into an EPA with the distribution licensee
referred to therein for the sale of entire power to the said distribution licensee decides to
use such power agreed to be sold to the said distribution licensee, for his captive use or
for sale of such power to a third person or to a distribution licensee other than the
distribution licensee referred to above before the expiry of the period referred to in such
EPA, then he shall be bound to reimburse the depreciated (Written down value) cost of
interfacing lines to the distribution licensee with whom he has executed such EPA, before

%
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the wheeling of power to his captive use or sale to third person or distribution licensee
other than the distribution licensee with whom the said EPA has been executed by him”’
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14.9 Energy Purchase Agreement
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14.10 Renewable Purchase Obligation
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14.11 Tariff Review Period / Control Period
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“The tariff determined by the commission in the tariff order shall be applicable for the
power purchase agreement period of twenty years. The control period may ordinarily be
two years. When the Commission revisits the tariff and allied issues after the control
period, the revision shall be applicable only to the generator of new and renewable
energy sources commissioned after the date of such revised order”

14.12 Renewable Energy Certificate

# 9 _#; # / 3
9#/3;
#/ #/

# /

# 3 : #/3
# .

#'_. 3
# - ; # ),
3/7#3 3
# / 3 # / o3
+,), ) #/3

14.13 Other Issues
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Assistant Secretary
Tamil Nadu Electricity Regulatory Commission.
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Annexure 1

Promotional features envisaged in the Act and Policies on Electricity

1. The Electricity Act, 2003:

Section 3(1) of the Electricity Act, 2003 States that the Central Government shall,
from time to time, prepare the National Electricity Policy and tariff policy, in
consultation with the State Governments and the Authority for development of the
power system based on optimal utilization of resources such as coal, natural gas,
nuclear substances or materials, hydro and renewable sources of energy.

The section 4 of the Electricity Act, 2003 stipulates that the Central Government
shall, after consultation with the State Governments, prepare and notify a
national policy, permitting stand alone systems (including those based on
renewable sources of energy and non-conventional sources of energy) for
rural areas.

Section 61(h) of the Electricity Act provides that while specifying the terms and
conditions of determination of tariff, regulatory commission shall also be guided
by the promotion of cogeneration and generation of electricity from renewable
sources of energy, and National Electricity Policy and National Tariff policy by the
Central government.

Section 86(1) (e) of the Act specifies that one of the functions of the Regulatory
Commission is to promote cogeneration and generation of electricity from
renewable sources of energy by providing suitable measures for connectivity with
grid and sale of power to any person and also to specify for the purchase of
electricity from such sources, a percentage of total consumption of electricity in
the area of a distribution licensee.

2. National Electricity Policy:

Clauses 5.12.1 and 5.12.2 of the National Electricity Policy states that,

“5.12.1 Non-conventional sources of energy being the most environment
friendly there is an urgent need to promote generation of electricity based on
such sources of energy. For this purpose, efforts need to be made to reduce
the capital cost of projects based on non-conventional and renewable sources
of energy. Promoting competition within such projects can also reduce cost



of energy. At the same time, adequate promotional measures would also have
to be taken for development of technologies and a sustained growth of these
sources.

5.12.2 The Electricity Act 2003 provides that co-generation and generation
of electricity from non-conventional sources would be promoted by the
SERCs by providing suitable measures for connectivity with grid and sale of
electricity to any person and also by specifying, for purchase of electricity
from such sources, a percentage of the total consumption of electricity in the
area of a distribution licensee. Such percentage for purchase of power from
non-conventional sources should be made applicable for the tariffs to be
determined by the SERCs at the earliest. Progressively the share of electricity
from non-conventional sources would need to be increased as prescribed by
State Electricity Regulatory Commissions. Such purchase by distribution
companies shall be through competitive bidding process. Considering the
fact that it will take some time before non-conventional technologies
compete, in terms of cost, with conventional sources, the Commission may
determine an appropriate differential in prices to promote these
technologies™.

3. National Tariff Policy

Clause 6.4 of the Tariff Policy states that,

C It will take some time before non-conventional technologies can
compete with conventional sources in terms of cost of electricity. Therefore,
procurement by distribution companies shall be done at preferential tariffs
determined by the Appropriate Commission.

(2) Such procurement by Distribution Licensees for future requirements shall
be done, as far as possible, through competitive bidding process under
Section 63of the Act within suppliers offering energy from same type of non-
conventional sources. In the long-term, these technologies would need to
compete with other sources in terms of full costs.

(3) The Central Commission should lay down guidelines within three months for pricing
non-firm power, especially from non—conventional sources, to be followed in cases where
such procurement is not through competitive bidding”.

4. National Electricity Plan: The CEA while formulating the National Electricity
Plan have recognized the large untapped potential of energy. The said plan
states as under:: “6.0 Our Country has significant potential for generation of
power from Non-Conventional energy sources such as wind, small hydro,



biomass and solar energy. Limited availability of fossil fuels like coal and gas has
further highlighted the importance of power from these sources. In addition, these
sources provide a particularly attractive solution for meeting requirement of
power at remote locations, in cases where it is not feasible to extend the grid. All
efforts are therefore being made to tap these resources for generation of
power to supplement power from conventional sources.”



Annexure 2

Different types of solar power technology available

1. Grid Based PV Plant: Choice of Technology
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The Photovoltaic (PV) array consists of several PV modules, each module having
collection of PV cells that converts the light energy into electricity (DC Power).
When the light rays fall on a solar cell, they penetrate into the solar cell and
create a flow of electrons throughout the crystal structure. The crystal structure of
silicon contains empty spaces (hole) which accepts these electrons. As one
electron moves to fill a hole, it creates another hole and it is this flow of electrons
which produces electricity. The generated DC voltage is converted into AC
voltage through inverters combined with power conditioning unit and other
protection systems and via HT Transformers and the power is fed into the grid.
The grid connected solar photovoltaic power plants can deliver power into the
grid, eliminating the need for batteries. By deploying solar tracking mechanism
i.e., by rotating PV panels perpendicular to the angle of incidence of solar

radiation (dual axis), more power generation can be achieved.

Based on the stage of development and technology, solar cells have been
classified into two basic technology types. Both the technologies are suitable for

grid based power production. The two technology types are:

(a) Crystalline silicon based technologies



(b) Thin film based technologies

Both the technologies are being deployed commercially internationally.
Crystalline being used extensively in the past internationally and also in India,
and with the advent of thin film technology the usage of this technology is more

user friendly in tropical weathers.

(@) Crystalline Silicon based technologies

Crystalline silicon (c-Si) solar cells basically have a large surface area, are of a
high quality. The main advantages of c-Si lies in their being tried and tested,
having current industry leadership and thus wide scale familiarity in the user

groups as well as among producers.

(b) Thin Film based technologies

The main materials that have been used for creating thin film based solar cells
are cadmium telluride (CdTe), Copper Indium Gallium Selenide (CIGS),
amorphous silicon and micro-amorphous silicon. These materials are applied in a
thin film to a supporting substrate, such as glass or ceramics which, in turn,
reduces material inputs and associated costs. These technologies hold promises
for future cost reduction through higher conversion efficiencies and significantly
reduced production costs. Thin films are expected to take up 30% of the market
share by 2010 and most new manufacturers are looking towards thin film

technologies for future investments.

As per report published by European Photovoltaic Industry Association (EPIA), a
comparison of the cell / module efficiencies and the area required per kW
installation for thin film and crystalline wafer technology respectively is presented

in the table below:



Technolo Thin film Crystalline wafer
ay Based
Amorphous | Cadmium Copper Amorphous | Mono Multi
Silicon telluride Indium Silicon and | crystalline | crystalline
(a-Si) (CdTe) deselenide | Multi
Cl(G)S Crystaline
Silicon
(a-Si/m-Si)
Cell 5-7% 8-11% 7-11% 8% 16-19% | 14-15%
efficiency
at STC*
Module - --- - 13-15% | 12-14%
efficiency
Area 15 m? 11 m? 10 m? 12 m? App. 7 | App.8 m?
needed m?
per kW**
(for
modules)

*Standard Testing Conditions : 25°C, light intensity of 1000 W/ m?, air mass =

1.5.

** kKW = kilowatt. Solar PV products and arrays are rated by the power they
generate at Standard Testing Conditions.

Some of the promoters have filed petitions before various State Commissions for

determination of solar power tariff. The promoters name and their choice of

technology are given below:

SI.No. | Name of the promoter Choice of | Commission in
technology which petition filed
1 M/s. OPG ENERGY (P) Ltd The promoter has | Rajasthan ERC.

selected
Amorphous
Silicon (a-Si)
photovoltaic (PV)
modules due to
their higher rate of
absorption of solar
rays as compared
to the crystalline




silicon (x-Si)
variety.

SWISS PARK VANIJYA (P)
Ltd.

The promoter has
selected
Amorphous
Silicon (a-Si)
photovoltaic (PV)
modules due to
their higher rate of
absorption of solar
rays as compared
to the crystalline
silicon (x-Si)
variety.

Rajasthan ERC.

M/s Videocon Industries Ltd

The promoter has
considered and
selected multi-
crystalline
photovoltaic
technology for
the project
because it is
easily available,
easy to integrate,
has lower
maintenance cost
and requires less
area to install as

against
amorphous silicon
thin film
technology.

Rajasthan ERC.

M/s. Astonfield Solar
(Gujarat) Pvt Ltd

The promoter has
chosen Thin film
modules (CdS /
CdTe) because of
the high
temperature
possibilities at site
and the other
associated
benefits.

Gujarat ERC




2. Grid connected Solar Thermal Power Plants

Internationally, there is very limited experience in the filed of electricity generation
utilizing solar thermal technology. However, efforts are underway at various
countries across globe to increase share of solar thermal based power plant
installations. Solar thermal technology is one of the most promising renewable
energy sources of electricity. Solar thermal power plants, often also called as
concentrating solar power (CSP) plants, produce electricity in much the same
way as conventional power stations. The difference is that they obtain their

energy input through concentrated solar radiation rather than fossil fuels.
The major components of a solar thermal electric power plant are:

Mirrors/reflectors for capturing the solar radiation.
Receiver, which collects the solar energy and converts it to heat.
Heat exchangers that converts the heat energy into steam.

Thermal Storage systems for storing heat energy (optional).

o & b=

Steam driven (Rankine cycle) turbo generator for producing electricity.

Solar thermal power plants essentially consist of a solar collector field which
collects the sun’s radiant energy and focuses the concentrated energy on to a
receiver. The receiver through a heat transfer mechanism uses the heat to
generate steam. The steam is then used to drive a steam turbine which in turn
generates power. A major advantage in solar thermal plant is the option to
include a thermal storage system, i.e., before using the heat to generate steam, a
part of the heat can be stored for later use. Storing heat energy is cheaper than
storing energy in any other form. By building sufficiently large heat storage, it is
possible to generate power even when the sun is not shining. Thermal energy
storage systems can extend the operational time of solar thermal power plants,

with 6 to 12 hours of storage. Thus solar thermal power can complement other



renewable energy sources, such as wind, which may not be available during

peak hours.

Base loads and peak loads can be handled well and more importantly plant load
factors will be similar to that of conventional power plants. If the solar collector
field is increased by about 2 or 3 times that of nominal turbine capacity, it is
possible to store as much as 16-18 hours worth of energy. Following are the
types of CSP technology deployed in solar thermal systems towards achieving

solar thermal power generation:
a. Power tower

b. Parabolic Trough
c. Stirling Dish Engine

a) POWER TOWER

Figure 2. Solar TRES flow schematic

The solar power tower plant comprises of array of heliostats (mirrors) which
concentrates the solar radiation to the top of the high tower where the solar
receiver is located. Heliostats are 2-axis tracking mirrors, individually tracking the

Sun through out the day to reflect the solar radiation onto the boiler. The receiver



collects the concentrated sun radiation and transfers the energy to generate

steam to drive a conventional Rankine cycle steam power plant.

In a grid connected solar-thermal plant, hundreds of mirrors tracking the sun from
east to west, concentrating sunlight onto the receiver are deployed to capture the

heat energy.

b) TROUGH TYPE

Trough solar systems use parabolic curved/ trough shaped reflectors that focus
the sun's energy on to a receiver pipe running at the focus of the reflector. The
concentrated energy heats a heat transfer fluid (HTF), usually oil, flowing through
the pipe. This fluid is then used to generate steam which powers a turbine that

drives an electric generator.

To achieve high heat concentration ratio, the trough tracks the sun in one axis
continually throughout the day. (To maximize the sunlight incident on the
absorber, the reflectance of the parabolic reflector must be as high as possible,

eg., say aluminum or silver reflectors. )

In all the types of Concentrated Solar Power technology discussed above, the
thermal storage system facilitates in improving the capacity factor, by allowing
the heat transfer fluid to store its energy in a large storage system like hot salt
tank, containing molten salt or oil. (Molten salts are used due to their ability to

store thermal energy and because they are liquid at standard atmospheric



pressure and temperature). The stored heat energy in the hot salt tank is used as

a heat source for generation of power through turbines.

Considering the factors discussed above, it is to be stated that the Solar thermal

power plant generation cost is governed mainly by the following factors:
Number of heliostats /parabolic Collectors deployed (including storage )
Reflectivity and cleaning-factor performance of the collector system.

Heat transfer fluid deployed

1.
2
3
4. Tower height (in respect of power Tower)
5. Receiver system

6

Thermal Storage system ( depending on hours of storage)
As interpolated from the web data on project announcements, the probable
capital cost of establishing 1MW Solar Thermal Power Plant capacity varies

between Rs. 14 - 24 crores, depending on the technology/features.

C) STIRLING DISH ENGINE (KW RANGE)

The solar dish generates electricity by focusing the sun’s rays onto a receiver,
which transmits the heat energy to an engine. The engine is a sealed system
filled with hydrogen, and as the gas heats and cools, its pressure rises and falls.



The change in pressure drives the pistons inside the engine, producing

mechanical power. The mechanical power in turn drives a generator and

produces electricity.

The solar dish Stirling system could be well deployed for decentralised power

generation. (in KW range for minor applications )

CSP based Solar thermal Plants have the following advantages over SPV for

large scale power generation:

a)

b)

c)
d)

CSP technology is simple, versatile and commercially proven.

No specific land constraints & various technologies are available to suit
the land requirements.

Energy storage facility.

Improved efficiency with reduced cost of generation.

Further technological developments can be expected resulting in
increased power generating capacity.

Best suited for high capacity plants, can be scaled up to several hundred
megawatts, putting it in the same utility-scale class as coal and nuclear.
(Grid connected PV systems are not as economical & not suitable for
higher capacity plants both in terms of cost and efficiency)

In contrast to wind power, the heat transfer medium deployed in this

technology does not suffer from power fluctuations due to transient clouds.

Solar thermal power plants are among the most cost effective renewable power

technologies; they hold promise to become competitive with fossil fuel plants in

the near future. Solar thermal power plant technology is well proved and

demonstrated.



World List of Selected Proposed Concentrating Solar Thermal Power

Projects as of June 2008

Power Scheduled
Location Company Project : Year of
Capacity :
Completion
Megawatts
California, Solel Solar Mojave Solar
USA Systems, Ltd. Park 553 2011
California, Stirling Energy
USA Systems Solar One 500 (850) 2011
Ivanpah Solar
California, BrightSource Electricity
USA Energy, Inc. Generating 400 (900) 2011
System
California, Stirling Energy
USA Systems Solar Two 300 (900) not set
Andalucia, Solucar
Spain Abengoa Solar Platform 300 2013
Florida, USA |Ausra, Inc. n.a. 300 2011
Arizona, USA|Abengoa Solar |Solana 280 2011
California, Beacon Solar, Beacon Solar
USA LLC Energy Project 250 2011
California, Harper Lake, Harper Lake
USA LLC Energy Park 250 (500) 2010
Ramat
L\legev, Israel|n.a. n.a. 250 2011
California,
USA eSolar n.a. 245 2011
Australia EnviroMission Solgr Mission 200 not set
Ltd. Project
California Carrizo
* |Ausra, Inc. Energy Solar 177 2010
USA
Farm
Jordan n.a. n.a. 150 (300) 2015
. Solel Solar
Spain Systems, Ltd. n.a. 150 not set
Ciudad Real, |Iberdrola n.a. 150 not set




Spain Renewables

Upington,

South Africa Eskom n.a. 100 not set

Madinat Masdar (Abu

Zayad, Dhabi Future

United Arab |Energy Shams 100 2010

Emirates Company)

Greece i(()alar Millennium Theseus 52 not set

China Sopar Millennium Ji, 5 50 (1,000) | 2020

Spain i(()alar Millennium Extremasol 1 50 2011

Spain i(()slaerllennlum Extremasol 2 50 2012

Spain ig’ar Millennium 4 ,rciasol 1 50 2011

Spain i(()slaerllennlum Murciasol 2 50 not set

CorQoba, Acciona Energy Paima del Rio 50 not set

Spain I

Cordoba, Acciona Energy Paima del Rio 50 not set

Spain Il

g'uqad Real, Abengoa Solar |Helios 1 50 not set
pain

g'uqad Real, Abengoa Solar |Helios 2 50 not set
pain

California, Bethel Energy,

United States|LLC Bethel 1 S0 2010

California, Bethel Energy,

United States|LLC Bethel 2 S0 2010

California, . .

United States|™2" Victorville 2 50 2010

Caceres, . Majadas de

Spain Acciona Energy Tietar 50 not set

gadgjoz, Acciona Energy |Alvarado 50 2009
pain

Andalucia, Abengoa Solar |Ecija 1 50 not set

Spain




Andalucia,

Spai Abengoa Solar |Ecija 2 50 not set

pain

Andgluma, Solar Millennium Andasol 1 50 2008

Spain AG

Andgluma, Solar Millennium Andasol 2 50 2009

Spain AG

Andgluma, Solar Millennium Andasol 3 50 2010

Spain AG
. Iberdrola

Spain Renewables n.a. 50 not set
. Iberdrola

Spain Renewables n.a. 50 not set
. Iberdrola

Spain Renewables n.a. 50 not set
. Iberdrola

Spain Renewables n.a. 50 not set
. Iberdrola

Spain Renewables n.a. 50 not set
. Iberdrola

Spain Renewables n.a. 50 not set
. Iberdrola

Spain Renewables n.a. 50 not set

Liddell, Liddell Power

Australia Ausra, Inc. Station 37 2008

Kuraymat, |Solar Millennium

Egypt AG n.a. 30 not set

sonora, |, o Agua Prieta Il 25 2009

Mexico

Yazd, Iran n.a. n.a. 20 2010

Hassi-R'mel, Abengoa Solar |n.a. 20 2009

Algeria

Almgden, Abengoa Solar |n.a. 20 not set

Spain

Ain-Ben-

Mathar, Abengoa Solar |n.a. 20 2008

Morocco

Andalucia, Sener Solar Tres 16 not set

Spain




Lloyd Energy Cloncurry
Systems and Solar Power
Ergon Energy Project

Cloncurry,
Australia

Since 1985, nine parabolic trough type solar thermal plants in California have fed
more than 8 billion KWhr of solar electricity into the Southern Californian grid
demonstrating the soundness of the concept. The PS-10, 11 MW Central Tower
plant in Spain has proven its commercial operation, generating 24 GWhr/annum.
The second plant namely PS 20, 20 MW in Spain is being put into commercial
operation for generation of 48 GWhrs/annum based on the successful operation
of PS-10. Both the plants have thermal storage facility.

World Cundative Installed Concentrating Sclar Thermal
Lo iy, -2007
Fowsr Capacity, 1880-200 Waorid CusmelaTen [raraled Corcantating Solyr Thenmel
Paos-ar Capac by, 18840:. 2007, with Peojection Ao 201 E

!

S !

Hagarests

Soarme. £

Currently CSP projects to a tune of 5500 MW are being taken up worldwide for

implementation.



Annexure 3- Calculation of Solar PV Tariff
Financial/Operational parameters assumed
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Annexure 4- Calculation of Solar Thermal Tariff

Financial/Operational parameters assumed
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The levellised tariff for 25 years = 15.269
Determination of
accelerated
depreciation benefit
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Levellised benefit (Rs.) 0.89
Effective Tariff after
levellised benefit (Rs.) 14.38




