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Executive Summary
The study titled 0! AEEAOET ¢ pc¢b ' OAAT wasluAderkei ByEtideUnNorkl L
Institute of Sustainable Energy (WISE) and supported by Shakti Sustainable Energy Foundation
with financial assistance from dmateWorks Foundation , USA.
The focus of the study was to sekow the national RE target specified in the National Action Plan
on Climate Change (NAPCC) can be achieweadbt whether it can be achieved; and to calculate the
RE capacity additions requirel for meeting the target. The main objectives behind commissioning
this study were to:
e ascertain whether the targets for RE capacity addition set by the government over the 12th and
13th Plan periods are adequate to meet 15% renewable energy injection intbe national grid
as specified in the NAPCC

e project the likely RE capacity addition scenarios at the national level and at the state level to
match the RE targets specified in NAPCC

¢ identify sectoral (financial, policy, regulatory , institutional , HR ad other) barriers to the
development of RE and to suggest remedies to overcome them

e prepare a road map of actions needed for achieving 12% and 15% renewable energy in Indian
grid by 2017 and 2020 respectively.

The report begins by analyzing the rationaldor and benefits of increasing the share of RE in the
all- India energy mix. The rationale for increasing the share of RE is the rising energy demand that
the county is likely to face in the near future, issues with conventional sources of energy and the
future cost advantages of RE . The benefits of increasing the share of RE are well known and can be
visualized in terms of climate mitigation, energy security, saving of foreign exchange, generation of
green jobs and the development of rural infrastructure

While studying the RE potential in India it has been noticed that there is no supplgide constraint

as far as the potential is concerned. However, the estimates of RE potential in India differ widely
from one institution to another. The official figues of RE potential as estimated by the Ministry of
New & Renewable Energy (MNRE) is 90,195 MW excluding solar. The Planning Commission,
Government of India, has pegged the solar potential in India at 500,000 MW. A recent study of re
assessment of wind power potential undertaken by Lawrence Berkeley National Laboratory
(LBNL) claimed the onshore and offshore wind potential as 676,218 MW and 214,304 MW
respectively. A study by WISE put the RE potential in India at 546,881 MW. Such wide variations
underscorethe need for a realistic field level reassessment of the potential of all RE sources, which
will prove helpful in policy formulation and planning for transitioning to a post fossil- fuel world.

Adequacy of government - planned RE capacity addition t argets: Before projecting the

likely RE capacity addition scenarios at Pan india/state levels the report critically verifies the
adequacy of governmeniplanned RE capacity addition targets over the X¥2and 13h Plan periods

to meet the 15% renewable energ injection into the national grid as specified in the National
Action Plan on Climate Change (Chapter 4).

Vi
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Achieving 12% Green Electricity by 2017

The NAPCC has recommended that the minimum share of renewable energy in the national grid be

set at 5% in 2009/10, subsequently to be increased b$% every year to reach 15% by 2019/20.

The anticipated renewable energy injection envisaged under the NAPCC has been calculated by
applying the National RPO targets to the alhdia electricity demand projections given under the
OpxOE %l AAOCQEA mI)xIAOE A3 O 006 DOAI EOEAA AU OEA
The governmentplanned capacity addition targets (MNRE and JNNSM), are then converted into
energy terms (in billion units) by applying the CER&pecified normative RE technologywise

capacity utilization factor (CUF) and compared with the anticipated RE injection envisaged under

the NAPCC. The present installed RE capacity and corresponding generation are also factored in
while making the comparison.

The comparison reveals that the MREplanned nonsolar capacity additions for 11th and 12th
Plan periods together with the JNNSMargeted solar capacity addition (16,000 MW) over 2019
2020 are inadequate to meet the NAPCC target . The shortfall in energy terms will increase to 84
BU in FY2019/20 from 0.57 BU in FY 2009/2010. The planned capacity addition, when realized,
will represent approximately 9.88% of the energy mix in the national grid in 2020. Hence there is a
shortfall of approximately 5% (84 BU) in meeting the NAPCC requirementf d5% by 2019/20.
Considering an average CUF of 36% representing all RE technologies, about 26,000 MW of RE
capacity over and above the planned RE capacity (MNRE and JNNSM) is required to overcome the
shortfall by 2019/2020. This indicates that cumulative RE capacity installation of about 82,000
MW is required to be in place by 2019/20 to meet the NAPCC target with the specified
assumptions.

The adequacyof SERC specified stateise RPO targets to meet the national RPO in NAPCC is
verified by comparing the possiblerenewable energygeneration due to presentstate-wise RPO
targets with the anticipated renewable energy generation envisaged in the NAPCC. The possible
renewable energy injection into the national grid due to mandatory RPO targets specified by 25
SERCs in India has been worked out considering the statése solar and non-solar RPO targets
and statewise future energy consumption projected by CEA. Our analysigdicates that the
current non-solar/solar RPO targets specified by the 25 SERCs taken together may not be sufficient
to achieve the requisite RE capacity adtions to raise the panlindia solar and nonsolar REbased
generation to the 10% share stipulated by the NAPCC by 2014/15.

These calculations establish the need to revise the RE capacity additions originally planned by the
working group. The revision in panned RE capacity in the 12th and 13th Plans is still possible as
the 12th Plan Working Group Report on RE is yet to be finalized.

Three projected scenarios : With the broad objective of meeting the NAPCC target of 15% RE
by 2020, different RE capacity adition scenarios were considered keeping in mind the availability
and commercial potential of each RE resource in India. Finally, three scenarios were arrived at (1)
Wind dominant (2) SHRbiomassdominant (on CAGR basis) and (3) Solardominant. A
progressive growth rate was considered for each major RE source while the share of other RE
sources was defined based on their historical growth rates. Later, the most beneficial scenarios
were extended to the state level for working out the possible stataise, RE technologywise
contribution towards meeting the national RPO of 15%.

viii



Achieving 12% Green Electricity by 2017

Scenario 1 (Wind dominant) : Given the past growth rate, present stage of development and
future potential availability reported under various studies, an accelerated growth rate sligthy
higher than the advanced scenario projected by the Global Wind Energy Council (GWEC) and WISE
inOEA O)1T AEAT 7ET A %icohsiered undér @derfarioll. Aqrudemtd growth rate
lower than the historical growth rate was considered while pojecting capacity additions for SHP
and biomass technologies, whereas solar capacity addition targets were restricted to the lower
limit specified under the JNNSM (4000 MW) by 2017 in order to reduce the impact on pamdia
APPC. If the projected RE capagiadditions under this scenario have to be realizedhe cumulative
wind power installation will have to grow to 74 GW by 2020. During the 12th Plan period, on an
annual average basis, addition of 5,662 MW of wind power and 740 MW of solar power capacity
needs to be set up if the 12% RE target has to be met by 2017. During the first three years of the
13th Plan, the wind and solar capacity additions need to be further accelerated to 9,436 MW and
2,000 MW annually. The combined capacity of biomass and cogeation technologies needs to be
increased to 800 MW annually. The projected annual average capacity addition for wind is around
5.25 times the past capacity addition. However, if the capacity addition in 2010/11 is considered as
a benchmark, a CAGR of 20%6r the following years (which is realistic) can help to achieve this
growth. Under this scenario, during the 12th five year Plan, India will have to install 37,680 MW of
grid-connected capacities from renewables. The cumulative installed capacity of remables would

be 62,103 MW at the end of the 12th Plan and 100,267 MW, by 2020.

Scenario 2 (Biomass-SHP dominant) (On CAGR basig: While projecting RE capacity
addition under this scenario, biomass and SHP were considered as dominant sources irrespective
of their limitations. While projecting the likely capacity addition, the growth rate over past ten
years was studied and a slightly higher growth rate was considered over the period 2040
2020.Wind power growth was placed at a moderate level based on histoel CAGR of 16% and
solar capacity addition was limited to the JINNSM targets, which were considered as realized.

If the RE capacity addition targets proposed under this scenario have to be realized, the cumulative
biomass and SHP power project installatios need to be raised to 13.4 GW and 8 GW respectively
by 2019/20. In the 12th Plan period, on an annual average basis, 1,134 MW and 535 MW biomass
and SHP capacity have to be set up if the 12% RE target has to be met. During the first three years
of the 13th Plan period, biomass and SHP capacity addition needs to be further accelerated to 1,413
MW and 750 MW annually. The projected annual average capacity addition in case of biomass and
SHP is approximately3.5 times and 2.5 times than the past capacity addion (on annual basis),
which is difficult to achieve. During the 12th fiveyear-Plan, India will have to install 35,000 MW of
grid-connected capacity from renewables. The cumulative installed capacity of renewables would
be 59,061 MW at the end of 12th IBn and 89,355 MW by 2020.

Scenario : 3 (Solar dominant scenario) : The abundant solar potential in the country,
experience of past three years in cost reduction , international projections of cost reduction and the
fact that the cost reduction can be ackived by facilitating mass production and R&D efforts, have
been taken into account in scenario 3Promoting solar energy is essential in view of energy
security and minimizing the dependence on imports of conventional fuels. All the aboV@vourable
conditions support the solar dominant scenario, under which total solar capacity additions of
35,490 MW are envisaged to be realized during year 20%£2020. During the 12" Plan period, on an
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average annual basis, solar power capacity of 3,395 MW has to be seffupe 12% RE target has to
be met along with moderate growth of wind at an average annual capacity addition of 3,400 MW.
During the first three years of 13th Plan period solar power capacity addition needs to be further
accelerated to 6,000 MW annuallyThis differential approach is adopted because the third phase of
JNNSM will begin in 2017. By then, solar energy would have seen significant cost reductions, if not
grid parity. The conservative biomass projection made under this scenario is based on pgsowth
rates, which is more realistic and achievablelhe projected solar power capacity addition of 6,000
MW a year in the 13th plan needs special efforts from all stakeholders if it is to be realized. During
the 12th five-year Plan, India will have toinstall 39,870 MW of gridconnected capacity from
renewables. The cumulative installed capacity would be 63,471 MW at the end of the 12th Plan and
1, 02,755 MW, by 2020.

Comparative analysis of the three scenarios : Wind power capacity addition on an annual
average basis projected under Scenario 1 (6,662 MW) is high, but achievable, if conducive policy
environment of clear and unambiguous commitment to this leading RE source is made explicit
through further policy and regulatory initiatives. In scenario 2 the resource limitation of biomass
and SHP sources may prevent the anticipated annual capacity addition of 1,197 MW and 598 MW
respectively , whereas wind power capacity addition of 4,110 MW (annual average) is achievable
considering the quantum jump achieed in FY 2010/11.

In Scenario 3 (solar dominant), biomass and SHP annual average capacity addition of 804 MW and
312 MW are achievable considering the historical trend of capacity addition. The position of wind
is the same as in scenario 2 and thereforechievable. The projected solar annual average capacity
addition of 3395 MW is 1.5 times that of the JNNSM target and is achievable, considering the state
level developments in norRJNNSM project activities. However, the targeted capacity addition
during the 13th Plan period (6000 MW) needs special efforts. Considering all aspects and the
importance of promoting solar power projects from the point of view of energy security, all efforts
should be directed to realize the capacity additions proposed under thiscenario.

Impact on Pan India APPC under three scenarios : For the three likely supply scenarios
above, the impact on average power procurement cost (APPC) of a utility is analysed over the
period 201072020 at Pan India level. The time value of the impactal been calculated taking the
discount factor as 9.35%. The discounted impact on APPC due to purchase of renewddased
energy under the three scenarios varies from 1216 paisa / kWh under scenario 1, 1&18
paisa/kWh under scenario2 and 1§20 paisa/ kWh under scenario 3.

The impact on the APPC under all the three scenarios is significant and it would be impossible for
the utilities to absorb the same. Much of this is the result of high solar tariff, which means the
government will have to exercise majr policy options to make the projects viable. These options
may include Interest subsidies to provide softer loans, measures to accelerate grid parity and
generation-based incentives to keep tariffs low.

Capacity addition Plan by State and by RE technology to meet the NAPCC target
(under the wind and solar - dominant scenarios) : Encouraging the solardominant
scenario is important in view of achieving energy security. However the windominant scenario
with solar capacities restricted to the lower limit projected in phase 2 of JNNSM may also be
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important from the point of view of minimal impact on Panindia APPC. Therefore these two
scenarios were considered for a detailed state by state analysis. The possible shares of states for
each technology in total vere matched with the corresponding parindia share. While devising the
state-wise/RE technologywise shares as above, a detailed study of statdse RE
potential/installed capacity and unexplored RE potential and of the past growth rate of RE capacity
addition was carried out. As the official potential assessment in terms of statgise solar capacity is

not available, the targeted solar potential is distributed in selected potential states based on solar
radiation assessment. Table 4.10 and 4.11 providedistatewise projected RE capacity additions
(cumulative) based on the wind and solar dominant scenarios.

Key outcomes of the scenario analysis

e 4EA CiT OAOT T AT 080 PI AT O A O AAGATTPIATO T E£ 2%
capacity additions tageted by MNRE and those planned under the JNNSM are inadequate to
meet the targets set by the NAPCC. The targets originally planned by the working group will
have to be revised to achieve the 12% and 15% RE penetration by 2016/17 and 2019/20
respectively. The revision in planned RE capacity in the 12th and 13th Plans are still possible as
the 12th plan Working Group Report on RE is yet to be finalized

e The potential of RE at the national level needs to be s@ssessed urgently. In the absence of
realistic potential assessment figures, policy decisions on power generation could be skewed in
favour of conventional sources.

e Although all the three scenarios are capable of meeting the national RPO of 12% and 15% by
year 2017 and 2020, considering the importance afcenarios 1 and 3, either of them may be
adopted at the national level.

e Adoption of scenario 1 (wind dominant) against that of scenario 3 (solar dominant) at national
level will reduce the impact on panindia APPC by 45 paise / kWh.

e The huge untapped star potential of the country is important from the point of view of energy
security. International experience shows that cost reduction can be achieved by way of mass
production and R&D efforts and therefore scenario 3 is also equally important.

e The targded capacity addition envisaged under three scenarios can avoid approximately
141.82 million tonnes, 143.16 million tonnes and 142.64 million tonnes of GQOespectively
beyond 2017.

e The targeted capacity addition envisaged under three scenarios if realidecan create 15 lakh,
14.7 lakh and 16.6 lakh new jobs respectively by 2020.

e The likely debt requirement for realizing the RE capacity addition projected up to 2020 under
the three scenarios ranges from Rs 361602 crore to 541659 crore .

e The capacity aditions by State and by technology envisaged under the wind and solar
dominant scenarios show that individual states can share the national RPO within the available
RE potential.

e The statewise RE technology mix emerging from the statievel analysis indcates ample scope
for wind power development in the states of Tamil Nadu, Karnataka, Rajasthan, Maharashtra,
Gujarat, Andhra Pradesh and Orissa. Significant contribution to SHP can come from the north
and north-eastern states like Himachal Pradesh, J&Kttarakhand and Arunachal Pradesh,

Xi

;



Achieving 12% Green Electricity by 2017

whereas states like Tamil Nadu, Andhra Pradesh and Uttar Pradesh can still develop biomass
power potential to a great extent.

Based on the analysis of solar radiation data, geographical spread and availability of wastelan
states like Rajasthan, Andhra Pradesh, Gujarat, Madhya Pradesh, Maharashtra, Orissa,
Karnataka, and Tamil Nadu can play a decisive role in realizing the solar capacity addition

under the solar dominant scenario.

Proposed ROAD MAP and actions needed

Area Critical action needed Responsibility
Capacity addition plans for gridconnected RE for the 12th Plan need; Planning
to be revised to ensure achievement of 15% RE electricity injectiol Commission
into the grid by 2020. & MNRE
Statewise capacity addition plans should be communicated to th{ Planning
state planning boards, energy departments, and state nodal agenci§ Commission
for incorporation in the 12th Plan of the states. & MNRE
Planning ] .
Reassessment of all RE sources to ascertain theal potential of RE| MNRE
in India, both grid-connected and offgrid.
CERC/FOR may take coordinated action to persuade those SEF CERC/FOR
who have not set the RPO targets as per the national objective
revise their RPO regulations
Transmission planning and development should be institutionalised|  Ministry of
at the level of the CEA, state electricity utilities, and state nodq Power/CEA
agencies.
The National Clean Energy Fund (NCEF) should be utilised for to| Ministry of
priority funding of clean energy development to achieve 15% RE b  Finance
2020.
Adequate funding may be provided in advance for developin{ Ministry of
transmission infrastructure for RE . Power
Financing
Scaling up RE to 15% would result in signifiant impact on APPC. I Planning
(From Gowt.) ) _ o - e o
order to assuage financial difficulties of utilities by bringing down| Commission
tariffs, indirect or direct support mechanisms like interest subsidies,, & MNRE
generation-based incentives, soft loans, etc., should be provided to F
projects.
States should be persuaded to create stalevel clean energy funds MNRE
AU 1 AOGUET ¢ OCOAAT AAOGOG6hHh O OE/
funding RE transmission infrastructure, providing credit guarantees,
equity funding, etc.
Ways and means should be evolved to provide soft loans to § Ministry of
projects, because the high interest rates make most RE projeg Finance/
unviable. PC/ RBI

Xii
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Area

Critical action needed

Responsibility

Debt Financing

Providing interest subsidy or allowing banks/FIs to raise taxfree MNRE /
bonds to provide soft loans to RE projects may be considered. Ministry of
Finance

Allowing IREDA (or the proposed Green Bank) to raise ley MNRE
interest finance from abroad and onlending the same to RE /IREDA
development in India at 8%9% would go a long way in achieving
national RE targets.
A government/RBI decision to give the status of priority sectory Ministry of
lending to RE would send the right signal to the banks. Finance / RBI
Lack of cohesion in GOI policies shddibe addressed. The IEP shoul{ Planning
be revised (or a new IEP prepared) to align it with new realities ang Commission
the NAPCC objectives. Similarly, the lowarbon growth strategy

Policy should follow the national objective of 15% RE.
Fossil fuel subsidies should be phased out. Subsidy shifting in favoy Planning
of clean energy may be considered. Commission
-. 2% 30 OO0OAT A | 300AO0ALZEReb POILIA thatf MNRE
renewables can contribute only 6% of the energy mix of the tota
energy mix by 2022 (and 10% contribution to total electricity mix)
sends the wrong signals and contradicts the national policy. MNR
should align its strategic plan with the NAPCC objective.
A separate law for renewable energy development may be enactel MNRE
The decision already taken by the government to do so should b
implemented.

Policy
As declared in the JNNSM, an incentive package for 0 MNRE
manufacturing in India should be announced to create a strong C§
manufacturing base in India.
All states should be persuaded to bring out comprehensive R| MNRE
policies.
The cost of externalities of conventional power generation should b CERC
quantified and the same should be internalized in the pricing o
fossil-fuel-based electricity.
SERCs who have not declared RPOs in line with the NAPCC tay FOR/SERCs
should do so.
Homogeneity in inter-connectivity norms should be brought about| FOR
across different states. Similarly, OA charges should be rationalise
and state grid codes eneted to provide RE.

Regulaion
The regulators may consider overhauling the cosplus methodology | CERC/FOR

Xiii
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Area Critical action needed Responsibility
for tariff determination by factoring-in the cost externalities of
fossil-fuel-based generation, considering multiple cost and efficienc
curves and riskadjusted pricing.

The REC mechanism should be strengthened through capaci CERC
building of nodal agencies in states, bringing out smalle
denomination RECs, and allowing banking of RECs, etc.

Systematic capacity building shald be undertaken in various central| MNRE
and state level organisations and utilities involved in RE
development.

A national programme for capacity building of SNAs should bj MNRE
undertaken on priority during the 12th Plan.

Capacity

Building . - , e . o
Capacity buildingof banks and financial institutions is also critical to] MNRE/

ease financing to RE projects. Planning
Commission

The R&D institutions in the RE sector need to be strengthened. Th¢ MNRE
should be given autonomy, adequate financing, and time boun
targets.
A national programme for curriculum revision, new curriculum MNRE
development, beginning new RE courses and training of technic
institution faculty should be undertaken.

Human

Resources A study to assess the potential of green technologies tweate jobs| MNRE
should be undertaken, as is being done in many other develope
countries.
Public sector investment in manufacture of silicon ingots and wafery MNRE
should be done to make this basic infrastructure available a
reasonable pices.
Quick measures for global technology access and adaptation shoy MNRE/
be put in place in the short and mediumterm. For the longterm, we Planning

Other Areas should focus on R&D for developing indigenous technology in criticg Commission

areas
Rdiable information and data on RE resources should be available MNRE

the public domain so that industries, investors, etc., can access t
same. On the other hand, information devices, technologies, policie
incentives, financing, etc., should be made availile to the public.

*k%k
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1

Evolution of the Policy Environment for Renewables in India

Development of renewables in India has witnessed various ups and downs. The beginning was the
set of promotional guidelines issued by the then Ministry of NorConventional Energy Sources
(MNES) during the year 199394. For the first time, an indicative tariff for renewable energy (RE)
based electricity was announced; besides, RE project proponents were also allowed to bank and
consume energy from the grid as petheir supply-demand pattern within a particular financial
UAAO8 4EA 1 ET EOOOURE inGatized Bke Saledhtax exeinplion,Orrdsudture
assistance, etc, resulted in commendable capacity addition during the following decade (1293
2002). However, the next transition in the policy and regulatory framework governing RE was the
enactment of the Electricity Act in 2003. Some of the major pe&A, 2003, policy and regulatory

initiatives responsible for promotion of RE are chronicled in thichapter.
1.1 RECENT LEGAL AND POLICY ENVIRONMENT FOR RE

In the last few years, a set of conducive policies facilitating accelerated RE development have been
put in place. These relate to legal provisions and policy pronouncement.

1.1.1. Legal and Policy Initiatives

Electricity Act 2003 : The Electricity Act, (EA), 2003, introduced some enabling provisions that
were conducive for accelerated development of grid connected renewables.

Under Section61(h), promotion of cogeneration and generation of electrity from renewable
sources of energy has been made the explicit responsibility of state electricity regulatory
commissions (SERCs), who are taking these considerations into account while drafting their terms
and conditions for tariff regulations. Nearly allSERCs have issued their tariff regulatiofigrders
incorporating suitable clauses which will enable the SERCs to provide a preferential treatment to
renewable energy during the tariff determination process.

Under Section86 (1)(e), SERC is also made respsible for the following:
i. Ensuring suitable measures for connectivity of renewable power to the grid,;
ii. Sale of renewable energy electricity to any person;
iii. Mandating purchase of a certain percentage of total energy consumption from renewables.

As mandated uner section 86 1(e) of EA, 2003, almost 24 SERCs have fixed certain quota (in terms
of percentage of electricity being handled by the power utility) to procure renewable energy. The
mandate termed as Renewable Purchase Obligation (RPO) or Renewable Purch@pecification
(RPS) varies from 0.5% to 14% in various states. Few states have come out with technology
specific RPO or RPS. Besides, the state regulators determine the tariff for all RE projects in the
states and ensure connectivity to the grid throughextension of power evacuation from the RE
project sites which are generally at remote locations and away from major load centres.
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National Electricity Policy: Clause 5.12 of the National Electricity Policy stipulates several
conditions for promotion and harnessing of renewable energy sources. The salient features of the
said provisions of NEP are reproduced below.

5.12.1: Non-conventional sources of energy being the most environmestiendly, there is an
urgent need to promote generation of electricity baseé on such sources of energy. For this purpose,
efforts need to be made to reduce the capital cost of projects based on poonventional and
renewable sources of energy. Cost of energy can also be reduced by promoting competition within
such projects. At tle 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 cegeneration and generation of electricity from
non-conventional sources would be promoted by the SERCs by providing suitable measures for
connectivity with the 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 ofeetricity in the area of a
distribution licensee. Such percentage for purchase of power from neronventional sources
should be made applicable for the tariffs to be determined by the SERCs at the earliest.
Progressively, the share of electricity from nofconventional 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.

National Tariff Policy (NTP): This policy further elaborates the role of regulatoy commissions,
the mechanism for promoting renewable energy, the time frame for implementation, etc. Clause 6.4
of the policy addresses various aspects associated with promoting and harnessing renewable
energy sources. Salient features of the provisionsade by the NTP are as follows.

() Pursuant to provisions of Section 86 (1) (e) of EA, 2003, the appropriate Commission shall fix a
minimum percentage for purchase of energy from such sources, taking into account availability of
such resources in the regia 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 1 April 2006.

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

(i) Such procurement by distribution licensees for future requirements shall b done, as far as
possible, through competitive bidding process under Section 63 of the Act among suppliers offering
energy from same type of norconventional sources. In the long term, these technologies would
need to compete with other sources in terms fofull costs.

(iii) The Central Commission should lay down guidelines within three months for pricing no#irm
power, especially from norconventional sources, to be followed in cases where such procurement
is not through competitive bidding.

Recently on Dt January 2011 clause 6.4 (1) is amended with inclusion o$olar specific RPO. Now
clause 6.4 (1) read asfollows: Qvithin the percentage so made applicable, to start with, the SERCs
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shall reserve a minimum percentage for purchase of solar from the @aof notification of the
official gazettewhich will go up to 0.25% by the end of 2012/13 and further upto 3% by 2028 &

13t Finance Commission Incentive for RE: The 13" Finance Commission made
recommendations for the period 201Q15. The Commission felthat a quantum jump in the supply
of electricity is a critical requirement for future sustainable growth. Hence they made a provision
for a forward looking grant of Rs5000 crores to be paid as incentive to states who increase the
share of electricity geneated from renewable sources between FY 201Q1 to FY 201314. The
entire incentive scheme is further subdivided in two parts namely, (i) 25% of incentive grant to be
disbursed for achievement in installed capacity addition over unachieved potential as a&ssed by
MNRE (due to uneven distribution of RE sources) and (ii) 75% of incentive grant to be allotted for
achievement in installed capacity addition relative to the aggregate of installed capacity addition
across all states (in order to ensure acceleratk capacity addition). Further, a cap of R4.25
crores/MW & Rs1.50 croressMW of installed capacity addition is proposed respectively for
general and special category states. The report also recommends access to competitive power
markets for RE developers(13t Finance Commission 2011)

National Clean Energy Fund: In the Union Budget 201@11, the Finance Minister proposed to levy

a cess on all coal consumed in the country, the revenues from which will go towards the creation of
a National Clean Energy FUNGNCEF). The clean energy cess of Rs.50 per metric tonne will be
levied on all coal, lignite and peat produced in India, as also on imports from abroad. On 24 June
2010, the Union Finance Ministry issued formal orders for levy of the cess as a duty of egoig.e.f.

1 July 2010. The NCEF is proposed to be utilised for the development and deployment of clean
energy technologiesin India. An internal assessment byWISE shows that a corpus of Rs0,934
crores will accumulate in the NCEF up to 202 based on theCAGR of coal consumption in the
country. It is imperative that a substantial portion of the NCEF should be made available for
development of renewables.

Incentives for Solar Photovoltaic Manufacturing under Semiconductor Policy: During August
2008, Govenment of India announced a semiconductor policy with incentives to attract
investment to the semiconductor sector. The scheme covered manufacturers of semiconductors,
displays and solar photovoltaic technologies using semiconductor devices for solar cellhe
government will bear 20 percent of capital expenditure in the first ten years if a unit is located
within one of the Special Economic Zones (SEZs), including a major economic zone in Hyderabad
called "Fab City" and 25 percent in the noiSEZ areas. Téhn minimum investment was set at Rs.25
billion for semiconductor manufacturers and Rs.10 billion for other micro and nanotechnology
organizations. The solar industry has been the chief beneficiary of these announcements and at
least twelve industrial houseshad their projects for solar manufacturing approved under the
policy. When implemented, all these projects would increase solar PV manufacturing capacity in
India from around 700 MW at present to over 4000 MW per annum.

Planning Commission sets up Expert Group on Strategy for Low Carbon Economy: To
strengthen the goal of low carbon development, the Planning Commission of India in January 2010,
constituted an expert committee/task force. The 2émember expert committee is headed by Dr
Kirit Parikh, former Member, Planning Commission, Gol. The major objectives of the Committee
are to review the existing studies on low carbon growth for India as prepared by various
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organisations, conducting further analysis to assess low carbon options for the Indian economyda
finally, prepare a report outlining a roadmap for India for low carbon growth. The final
report/roadmap will contain an evaluation of some key alternative low carbon options with an
analysis of their costbenefits and relative merits and demerits, an dmon plan comprising of
critical low carbon initiatives to be undertaken, including sectorspecific initiatives, along with a
suggested timeline and targets starting 2011 and extending to the ®2Plan period. The expert
committee has now submitted an iterim report to the Planning Commission(Low carbon Economy,
2011).The report analyses projection of fuel mix and emissions undadifferent scenarios for both
8% and 9% average GDP growth rate upto 202@.is observed thatthe report is methodologically
skewedand has not considered RE injection targets specified under the NAPCC.

National Action Plan on Climate Change (NAPCC): The National Action Plan on Climate Change
(NAPCCAT 11T O1T AAA AU OEA 0O0OEIi A e dhdngedv@sinaibted in JuneCPDOB.E |
As per NAPCC, renewable electricity injection into the national grid has to be set at 5% at the
beginning of FY 209210 and needs to be increased at 1% per annum in the subsequent years to
reach 15% at the end of FY 20120.

Jawaharlal Nehru National Solar Mission: As part of the eight national missions announced in

the NAPCC, the Jawaharlal Nehru National Solar Mission (JNNSM) was announced in 2009. JNNSM
aims to promote the development of solar energy for grid conneetd and offgrid power
generation. The ultimate objective is to make solar power competitive with fossil based
applications by 20202022.

The main objectives of the INNSM are:

¢ Create an enabling policy framework for the deployment of 20,000 MW of gridonnected solar
power by 2022.

o Create favaurable conditions for establishment of indigenous solar manufacturing capacity,
particularly for solar thermal power generation technologies.

e Promote programmes for off grid applications, reaching 1000 MW by 2017 andd0 MW by
2022.

e Achieve 15 million sq meter solar thermal collector area by 2017 and 20 million sq meter by
2022.

e Deploy solar lightening systems for rural areas by 2022.

Three guidelines for project implementation under JNNSM have also been issued aetty and
through them, the JNNSM is now operational, to the extent of solar project development. To
minimize the impact of high solar tariff on state electricity utilities and customers, it is envisaged
that NVVN, NTPCs wholly owned subsidiary company eaged in the business of trading of power
has been designated as the nodal agency for entering into a Power Purchase Agreements (PPA)
with solar power developers for the first phase of the mission upto 2013. The PPAs will be valid for
a period of 25 years.For each MW of solar power installed capacity for which PPA is signed by
NVVN, an equivalent amount of MW capacity from the unallocated quota of NTPC stations will be
allocated to them. NVVN will bundle this power and sell this bundled power at a rate fideas per
CERC regulations. In case of significant price movement in the market rate, the Government will
review the situation. (JNNSM 2009jNVVN 2011)
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1.1.2. Incentives for RE by the Central Government

Capital Subsidy: Some technologies like small hydrobiomass and solar P\(off-grid) systems are
provided support through capital subsidy based on installed capacity. An indexation method has
been devised to calculate subsidy amounts for various technologies.

Accelerated Depreciation: The Government of Inéa currently allows accelerated depreciation at
the rate of up to 80% in the first year on a writterdown value (WDV) basis for equipment under
Section 32, Rule 5 of the Income Tax Act.

Generation Based Incentive (GBI): The Government of India had implemeted a GBI scheme for
grid interactive wind power projects - a GBI of Rs 0.50 per kwWh, with cap of Rs.15 lakbsr MW
per year, totalling Rs62.5 lakhs per MWto be availed up tol0 years of the project life. This scheme
is applicable to wind power projecs not availing accelerated depreciation benefits and
commissioned before 31 March 2012. However, there are no guidelines for GBI p@éti2.

A similar GBI scheme was offered to solar power generation projects for small capacity of 50 MW.
However, the schene was withdrawn after the introduction of JINNSM.

Income Tax Holiday: Section 80 IA of the Income Tax Act offers a dear tax holiday within a
block of first fifteen years during the life cycle ofall infrastructure projects which also includes
renewable energy power generation projects.

Excise Duty Exemption: Government of India is offering 100% exemption in Excise Duty for most

renewable energy generation project components. The components that are offered such
exemption are specified under List 9 of &tion No. 237 of the Central Excise Tariff Act, 1985. The
normal rate of Excise Duty for such components is 16%.

Customs Duty Exemption: Government of India is offering concessional Customs Duty of 5% for
selected components of renewable energy generatiopower projects under the Customs Tariff Act,
1975 (51 of 1975). The electrical components and machinery used in renewable energy power
projects attracts Customs Duty of 7.5% or 10% (depending upon components). Further, Govt. of
India vide Notification No. 30/2010-Customs dated 27 February 2010 has offered concessional
Customs Duty for all machinery imported for the initial setting up of a solar power generation
project or facility.

Foreign Direct Investment: 100% FDI investmentis allowed in renewable enegy generation
projects.

Deduction in Taxable Income: Under Section 10(23G) of the Income Tax Act, income from an
infrastructure capital fund or company or a cooperative bank (from the assessment year 2002/03)
by way of dividends, interest, or longterm capital gain from investments made in infrastructure
business, etc., is exempt till 2012.

Renewable Regulatory Fund (RRF) : All power generation projects are required to schedule the
power. Any deviation from the schedule is liable to be penalised. Howeverjng and solar power
projects are allowed limited deviation from their schedule. In order to compensate the applicable
unscheduled interchange Q1) penalty to state utility because of default of RE power schedules
within the allowed limits, it is proposed to create a renewable regulatory fundo compensate the
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same. This fund is proposed to be created by the National Load Dispatch Centre (NLDC) on the
lines of Ul Pool Account at the regional level. Payments on account of renewable regulatory
charges, as desibed in the Regulations, and interestwill be credited to this account.

1.1.3. Incentives for RE by State Governments

31T A OOAOA ci OAOT I AT OO EAOGA AOOAAI EOGEAA Al AAT
other incentives have also been annaced in states like Maharashtra. The initiatives in the states

of Maharashtra, Karnataka and Gujarat are briefly discussed here.

Maharashtra: The Government of Maharashtra has levied Rs. 0.08 (eight paise) per kWh on
energy consumption by commercial andndustrial units. This cess generates around Rs.200 crore
annually. The state government has formed the Urjankur Nidhi trust and appointed M/s IL & FS as
fund manager for proper utilisation of the funds. The funds are being utilised for providing equity
capital for bagasse cegeneration projects and for funding power evacuation infrastructure
required for evacuation of power generated from norconventional energy generation projects.

The Maharashtra government has recently (3 March 2011) announced 100% exption on
sugarcane purchase tax of 3% for coperative sugar factories which will be commissioning co
generation power projects. This tax exemption will be available for a ten year period, from the
commissioning of the cegeneration project, or till suchtax exemption amount becomes equal to
the project cost, whichever is earlier.

Gujaratd, 4EA ' 1T OAOT I AT O T &£ ' OEAOAO EAO PAOOAA OEA
to levy a green cess of Rs. 0.02 (two paise) per kWh on generation of all kimdselectrical energy,
including captive energy, but excluding solar energy, wind energy, benergy, geethermal energy,
tidal energy and hydel energy. This cess could generate Rs.244 crore, which is proposed to be
utilised for encouraging the use of renable energy and for protection of theenvironment. (Gujarat

2011)

Karnataka: The Government of Karnataka has planned to impose Rs.0.05 (five paise) per kWh as
green cess on commercial and industrial consumers to generate about Rs.50 to Rs.60 crore
annually. This fund is proposed to be utilised for the development of renewable energy, incubation
of projects, and enhance capabilities on evacuation of wind power projects in the state.

Concession in open access charges/demand charges for captive RE projects: RE projects,
especially wind power projects, have low plant load factor compared to conventional power
projects. However, the open access charges do not differentiate between the source of power
generation. Hence, per unit of open access charges are comgtizely higher for RE projects,
making open access transactions unviable. Hence, to promote RE projects, some states have offered
concessional open access charges for captive RE projects or waived the c®gssidy surcharges

for such transactions. Stateslike Karnataka, Kerala, Tamil Nadu and Gujarat have offered
concessional open access charges/demand charges for captive RE projects and states like
Maharashtra have not imposed crossubsidy surcharge. Some states have restricted such benefits
for captive use of RE power and third party transactions are being excluded. So there is wide
variation among the states in the open access charges and cross subsidy policies.

On
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1.2 DEVELOPMENTS IN RE ELECTRICITY REGULATION

Developments in RE Tariff Regulations: Prior to the formation of regulatory commissions,the
Ministry of New and Renewable EnergyMNRB had prescribed the tariffs for purchase of power
from all renewable sources of energy. As per MNRE guidelines, Rs.2.25/kWh tariff for the base year
1994-95 was set with escalation of 5% per annum for the first 10 years. Many state governments
followed these guidelines. This tariff policy did not consider the RE technology, project cpand
other techno-commercial parameters.

Later, after the enactment of the Hctricity Regulatory Commissions (ERC) Act, 1998, Section
22(1)(c) empowered the Commission to regulate the power purchase and procurement process
including the tariff. Further, Section 29 of the ERC Act, 1998, prescribes the specific principles of
tariff fixation. Further, the Electricity Act, 2003, empowered thestate electricity regulatory
commissions SERCE to promote generation of electricity from RE sources and specify RE
purchase obligation.

With this, SERCs formulated RE tariff regulations. Therifi methodologies and tariff petitions are
being discussed through a public consultation process to bring in transparency, competition, as
well as secue the returns on investment. Most of the SERCs adopted the cgtis methodology for
determination of RE tariff. These orders were passive as they were not considering the inflations
and capital cost fluctuations during the tariff order control period. Hence, SERCs are now shifting
towards the multi-year tariff regulations, where tariffs are linked to capial cost indexatation.

Renewable Purchase Obligation/Specification: Most SERCs have put significant emphasis on

Section 86 (1) (e) of EA, 2003, namely specifying a percentage of electricity to be procured by the
distribution licensees from renewabke sources of energy. Asn date (31.03.2011), twentyfour

SERCs, with jurisdiction over their respective states, have issued orders or regulations under this

section of EA, 2003, and have specified percentages for purchase of electricity from renewable
souDAAO 1T &£ AT AoOcus 4EAOA T AITECAOQGEIT O AOA bpipoil A
OPAAEEEAAOQOEI TS j203q 10 OOATAxAAT A POOAEAOA TAIE
single target for procurement of power from renewable energy technologies,ome SERCs have

specified separate targets for specific technologies.

REC Mechanism -Tradable Renewable Energy Certificates : Given the renewable purchase
obligation on distribution licensees, the availability of renewable energy has to be ensured. To
meet these targets, a tradable REC mechanism was put in place the Central Electricity
Regulatory Commission CERQ in the year 2010. Under this framework, RE generators can trade
Renewable Energy Certificates (one REC is equivalent to 1000 kWh) through powexchange
platform that will allow market -based price discovery. However, this price range is determined
again by CERC and the price discovery can happen only in this range defined between the Floor
Price and the Forbearance Price. The respective price rg@s are defined separately for solar and
non-solar RECs(wind, biomass, small hydro) to take care of the difference in economics. The
Commission has stipulated Rs.1.50/kWh and Rs.3.90/kWh as floor and forbearance price for ron
solar RECs and Rs.12.00/kWh &s.17.00/kwh as floor and forbearance price for solar RECs,
respectively.
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The only requirement to make a renewable energy generator eligible fgrarticipating under REG

is that he should sell his power to the host distribution licensee at Average Powerdeurement
Cost (APPCpr at mutually agreed tariff to the entity other than host distribution licensee APPC is
the weighted average cost of power purchase for the utility, and in effeaepresents the effective
cost ofgrid mix. So, on the demand sidéhe REC framework allows the purchase obligated utilities

to buy RECs through the national exchange irrespective of state potential and installed capacity. On
the supply side, it allows the RE generators to get a base revenue income by selling power at the
average power procurement cost and an additional market determined revenue stream through
the REC trading platform.

CERC RE Tariff Naotification: The Central Electricity Regulatory Commission has come out with
tariff regulaton 04 AOI O AT A A leterhiBafidd lofl t&iff {4l s@le ok electricity from
OAT AxAAT A O1 O wASApiember/2008.1TReCBERGS can follow these guidelines while
specifying the RE tariff in their states. These regulations have the following key features:

e Upfront tariff for a project for the whole of the normative debt repayment period (for useful life
in case of solar and small hydro) to give certainty to the investors. There would not be any
midcourse tariff modification.

e Capital cost norms and financial norms take care all reasonable costs.

e Adequate and fixed return on equity determined right in the beginning.

e Generic tariff to be declared every year for the projects to be commissioned in the next
financial year.

o Newer technologies e.g. solar and municipal wasteased gneration projects have additional
option of approaching the CERC for getting projeapecific tariffs based on actual capital costs
in deviation of norms specified in the regulations, subject to prudence check.

o Reasonable escalation has been built into ¢htariff framework so that tariffs for projects to be
commissioned in successive years remain aligned to market realities.

Scheduling Norms for Wind and Solar Power: 2 AAAT Ol Uh OEA #%w2# EAO

%l AAOOEAEOQU ' OEA #1 A Brovjddd% ' specdh dispensatiom for sdadelllig ofE A O

wind and solar generation in case of intesstate sale of electricity. The provision of intesstate sale

of wind generation will come into force on 1 January 2012. However, the capacity of such plants
connected to a 33 kV connection point should be 10 MW and above. The int&ate sale option is
applicable for those who have not signed any PPA with states or others as on the date of coming
into force of IEGC2010 with effect from 03.05.2010Such transaction will however attract
unscheduled interchange charges as specified in IEGC, 2010, if the actual generation is beyond +/
30% of the schedulen case of wind

In case of solar electricity, these norms are applicable for solar projects of capacity 5 MW and
above connected to 33 kV level and above. However, in case of ingate sale of solar generation,
no Ul charges are to be paid or earned by the develop@t 2015. (IEGC 2010)

Open Access to Inter-state Transmission of RE: # %2 # EAO E OOOA Aivith) Laadh T O
term Access and Mediurterm Open Access in Intesstate Transmission and Related Matters
il T AT AT AT O0q 2 A GisApiembei Z000. Thet amerdded regulations had included
hydro and other renewable energy generation projects with aggregateapacity of 50 MW and

/£
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above for inter-state transmission of power, with the condition that the lead generator shall act on
behalf of all the generators to undertake all operational and commercial responsibilities for all the
collective generators connectd at that point in following the provisions of the Indian Electricity
Grid Code and all other regulations. Further, RE projects with aggregate capacity of 250 MW and
above shall not be required to construct a dedicated transmission line to the point of coeection,
and such stations shall be taken into account for coordinated transmission planning by the Central
Transmission Utility and Central Electricity Authority (CEA)

Notwithstanding many persisting loopholes and barriers, India now has a reasonablyroactive
policy and regulatory framework at the national level for facilitating RE development. However, we
are missing in action. Our work plans, both at national and state levels still plough the business
usual path. The current course of action iswsufficient to achieve the NAPCC target of 15% by 2020.
We need to first discover what this 15% means in terms of capacity addition of RE and work out
action plans to realise the same. In Chapter 4 and 5, we have attempted to discern these two critical
aspects. In Chapter 5, we have identified the barriers and possible solutions.

*k*k
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Rationale for and Benefits of Increasing RE in the Energy Mix

2.1 RATIONALE

2.1.1 Rising Energy Demand: The Integrated Energy Policy (IEP) Report, 2006, estimatésat
India will need to increase primary energy supply by three to four times and electricity generation
by five to six times to meet the lifeline per capita consumption needs of its citizens and to sustain
an eight percent growth rate. The government plas to provide universal access to electricity and
increase per capita consumption to 1000 kWh by 2012. The Expert Group on Low Carbon Economy
has considered the same energy intensity of 0.95 kWh/Re.1 GDP for future projections as
considered by IEP for progctions in 2004705 to 2011712 period. According to the expert group
report, in 2020, India will require gross electricity generation of 2104 billion kWh and 2359 billion
kWh under 8% and 9% GDP growth rates respectively. The @ 7Electric Power Survey of mdia
(published by the Central Electricity Authority) under its longterm forecast has projected the
electrical energy requirement as 1914 billion kWh in 202%22. (planning commission 201)L

yl OEA TA@BO c¢u UAAOOh )1 AEAGd attah dvardye® &nAuBlGeie oA AT AT /
7.4%. Generation capacity will have to increase fiviold to keep pace with this demand growth.

According to the Central Electricity Authority (CEA), as on March 2011, India had 174 GW of
generation capacity, with annual caventional electricity generation of about 811 billion kWh. The

gap between supply and demand is likely to increase unless adequate measures are taken to bring

on new generation capacity and improve operational efficiency in the distribution and
managementof power utilities . (CEA, world Bank 2010)

2.1.2 Issues with Conventional Sources of Energy: India imports nearly 72% of its olil
requirements and this share of imported oil is expected to reach 90% by 20332; the story of coal

imports is also not very diferent. According to scenarios developed as part of the IEP by the
Planning Commission, imports could increase to as high as 45% of the total coal requirement by
2031-32. Given this scenario, it is of paramount importance that the country develops all isle

domestic energy sources. Minimizing the dependence on import of conventional fuel and providing

AT Aocu O Ail AO AxsEsl OAAAT A POEAAO OET OI A AA OE/
India must make every effort to harness indigenous reneable resourcesDuring the last three Five

Year Plan periods, the actual conventional electricity capacity addition merely reached around

50% of the targeted capacity addition planned (16,420 MW against 30,540 MW the 8t Plan;

19,015 MW against 40,250MW in the 9t Plan; 21,080 MW against 41,110 MW irthe 10t Plan).

The situation in the present plan period is not different; already the eleventh plan target for
conventional power stands reduced from 78,700 MW to 62,374 MW, and even this is unlikely te b

reached. The achievement in the first 3 years (FY 20408, 08-09, 09-10) is only 22,302 MW as

against the original target of 47,220 MWAnNd there are problems in the conventional power sector

(coal, gas, hydro). Mining and import of coal are both facingroblems, especially since huge
guantities are required. Logistics, transport and price issues are also emerging. Moreover, at

PDOi EAAOAA OOACA 1 AOAI 6h NOAOGOETIT O AOA Al 01 AAET
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reserves could last (52 billion bnnes as per Coal Vision 2025 of Ministry of Coal, 18 billion tonnes
as per 10" Plan document of Gol)One of the major reasons for the shortfall in electricity supply in
India over the past five years has been the shortage of coal and gas. In July 2@25¢of 75 coal
power stations (with a total capacity of 61,000 MW) faced severe coal shortages, even though all
stations are required to maintain 1530 days of coal stocks for emergencieMoreover, around half
of the running coal power plants in 2009 weremore than 20 years old. These plants often operate
at low load factors with an efficiency of only 30%. Environmental and climate change threats are
getting more severe and project clearances are increasingly becoming difficult to obtain. In spite of
many policy and infrastructural initiatives, it appears unlikely that the quantities required to
achieve projected conventional power capacity will be availabl€eMNRE paperWISE database, World Bank
2010, IEA2011 b)

Large hydro projects are also facing qblems related to environmental issues, project execution in
difficult terrain, along with attendant issues of building long transmission lines. Natural gas
availability and its competitive usage also do nobffer much optimism. Nuclear power capacity

building continues to face problems, especially with the huge targets proposed.

2.1.3 Future Cost Advantages of RE Fuel costs constitute the largest proportion of total
economic costs for conventional thermal generation, which is therefore exposed to futuiaput
inflation. Given the structural changes in global oil markets in the past decade and the accelerating
global demand and shrinking supply of known fuel sources, fuel costs are projected to increase
consistently in the coming decades. According to thieternational Energy Agency, demand for
fossil fuels in the base reference scenario is expected to increase by 77% by 2030. In volume terms,
coal is expected to have the largest increase: its share in primary energy demand will rise from
27% to 29% between 2007 and 2030. The average real price of coal is projected to rise from
$65/tonne in 2009 to $100/tonne by 2020 and $110/tonne by 2030. Oil is expected to follow a
similar trend, with the average price projected to rise from $65/barrel to $100/barrel by 220 and
$115/barrel by 2030 ($190/barrel in nominal terms).

In contrast, trends in international fuel and equipment markets are favourably inclined towards
renewable energy technologies. Among the potential RE technologies in India, fuel expenses form a
substantial part of total cost only for biomass. For other RE technologies, the largest cost
component is the high upfront capital costs of equipment. However, in the recent past, costs of
capital equipment for renewable energy have been decreasing and this likely to continue as
technology advances. The cost of solar photovoltaic generation is projected to fall from about $4/W
in 2010 to $1.9/Wz$2.2/W in 2020 and $1.07/Wz$1.23/W in 2050. Electricity generation costs are
projected to be in the range of $0.5 kWhz$0.07 kWh at sites with good irradiation (World Bank2010)

2.1.4 The Challenge of Grid Parity: India is in an advantageous position for accelerating the race
towards grid parity. India has a large domestic market that can provide scale and reducest by
being a testing ground for technologies at the inflection point of commercializatiarFigure 2.1
indicates that except solar, the levelized cost of energyLCOB for all renewable energy
technologies/options is comparable to conventional power cost

12
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Fig 2.1: Increasing Competitiveness of RE -based Generation on LCOE basis
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The initial capital cost of all solar power generation technologies is still very high. Although prices
of solar PV have been falling steeply in reat years, the ultimate goal of grid parityemains to be
achieved. Most studies predict that solar grid parity will be reached during 202017 in most
markets, given the rising prices of fossil fuels and the falling prices of PV, growing PV markets, and
a policy that favours clean energy for mitigating the adverse effect of climate change (Fig 2.2). This
projection is true for high volume markes in developed countries. The JNNSM expects to bring
solar cost on par with grid electricity by the year 2022, igen the specific Indian conditions.

Fig 2.2: Expected Grid Parity for Solar -based Electricity
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(Source : WISE 2010)

Implementing policies to bring down cost of production of basic materials required for RE
equipment, providing concessional fiance to RE power generation markets, together with
regulatory initiatives for market expansion can help to accelerate grid parity to solar electricity in
India also.

These trends in the cost of conventional and renewable power are expected to make reneveab
energy sources meoe costcompetitive than conventional sources in the ncetoo-distant future.
Fossil fuels are also exposed to frequent market shocks and high price volatility. Although domestic
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coal and gas prices are controlled by thgovernment in India, a significant share of fuel supply is
imported, which increases the risks associated with supply and price.

As per ESMAREnNergy Sector Management Assessment Programma&)orld Bank Study (2010)
OEOI AA O511 AAOEET ¢ OEA D ht® Aduld® Bréduce hbdiit @2%WEnian ) T AEA
economically feasible manner, if the local and global environmental premiums of celahsed
generation are brought into consideration. About 3 GW of renewable energy is economically
feasible at the avoided cost of codbased generation of Rs.3.08/kWh, all of it from small
hydropower. About 59 GW of renewable energy in wind, biomass, and small hydropower is
available at an avoided cost of less than Rs.5/kWh. The capacity of 68 GW in these three
technologies can be harnesskat a price of less than Rs.6/kWh. About 90 percent of cumulative
renewable capacity of 62 GW in wind, biomass, and small hydropower is available when the local
and global environmental premiums of coal are brought into consideration. Therefore,
development of a substantial volume of renewables is economically justified within the context of

an aggressive lowcarbon strategy in which the cost of environmental externalities is added to the
alternative or avoided cost of energy generation(world Bank 2019 The IPCC special report,
02AT AxAAT A %l AOcCcU 31 OOAAOGYd 301 sMaROLEINEs identifiecE A U
O1 fETMT OAOT A1 EUAOQETT 1T &£ AT OEOI T1 AT Quedc2oiaj A EAAT OE

J>1|

2.1.5 Solar Power now Cheaper than Nuclear Ene rgy in the US: One of the best kept secrets of
the power sector is the real cost of nuclear energy. The veil of secrecy that surrounds the sector is
impenetrable and it is next to impossible to find out the real cost of nuclear power. In addition,
nuclear power continues to enjoy heavy hidden subsidies despite the fact that it is more than forty
years old and should have been a mature industry now. However, a recemport (Blackburn and
Cunningham2010) from the United States suggests that solar energy im®w the better buy. This report
pertains to the state of North Carolina where electricity from new solar installations is now
cheaper than electricity from proposed new nuclear plants. Figure 2.3 shows the historic crossover.
Power from nuclear had becomenore expensive by 2009/10 than that from solar PV. In fagsome
commercialscale utility solar PV plants are already selling power at $0.14 per kWh. The trends
indicate that nuclear power costs could climb to almost $0.32/kWh by 2020, whereas solar PV
power costs would go down to below $0.04/kWh by then. The conclusions are based on a cost per
kWh comparison between electricity generated by nuclear reactors and solar photovoltaic systems
-both net of subsidies.The report derived a transparent method toobtain kilowatt -hour power
costs from project installation costs.
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Figure 2.3 Comparative Costs of Nuclear Power and Solar PV Power in cents/kWh:
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It takes a minimum of six years and an average of ten years to consttla nuclear power plant.
Solar power is modular and capacity can be added quickly, in a matter of months. In the distributed
mode on rooftops etc., solar power also saves on transmission costs. The study finds that many US
utilities are now turning to solar and wind energy which are profitable instead of risking
investments in new nuclear facilities. The Indian electricity sector has much to learn from this US
experience.

2.2 THE BENEFITS
2.2.1 Climate Mitigation

India is targeting an emissions intensityreduction of 20%z25% by 2020 on 2005 levels. Though

there are no emissiors reduction targets set for India (Non! T 1T A@ p #1 01 OOEAOQh ) 1.
indicative of its commitment for voluntary emissiors reduction. As a part of this national
commitment, AOAOU OOAOA EAO O Ai1T OOEAOOA EOO OEAOAs8 )
1.2 tonnes of C@equivalent (CQ eq) and are expected to be around 2 tonnes ¢&x. to 2.5 tonnes

CQ eq by 2020, and 3 tonnes Ceq. to 3.5 tonnes C®eq. by 2030. Hene, multi-fold efforts are

required to achieve the emissios reduction targets. Power sector being the major contributor to

GHG emissions, infusion of clean/renewable energy in to thmower sectorin a bigger way will help

to achieve these targets. Energgector GHG emissions accounted for 57.75% of the total gross GHG
emissions in 2007,with 65% of emissions generated from electricity.The energy sector GHG
emissions are as shown in th&able2.1.
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Table 2.1: India: Energy Sector GHG Emissions (million to nnes of CQ eq) in 2007

Sector GHG emissions
Electricity 719.31
Transport 142.04
Residential 137.84
Other energy 100.87
Energy subtotal 1100.06

(Source: INCCA 2010

RE capacity addition proposed irChapter 4in line with NAPCC targets would reach theumulative
RE capacityof 59 GW to63 GW at the end of 12 five year plan A shift of this magnitude would
facilitate avoidance of approximately #0 million tonnes of CQ emissions annually from 2017
onwards which is shown in the Table 2.2

Table 2.2: Annual Avoided Emissions after 2016/17 (in million tonnes of CO )

RE Source Scenario 1 | Scenario 2 Scenario 3
Wind 83.07 60.75 60.75
Biomass 17.76 23.49 18.16
Small Hydro 14.46 18.50 14.68
Bagasse cayen 19.17 22.96 19.17
Waste to Energy 0.74 0.91 0.91
Solar 6.62 16.56 28.96
Total 141.82 143.16 142.64

2.2.2 Energy Security

IEP has defined energy security a€The country is energy secure when we can supply lifeline energy

to all our citizens as well as meet their effective demand for safe and convenient energy to satisfy

various needs at affordable costs at all times with a prescribed confidence level considering shocks

and disruptions that can be reasonably expect@ds growth of the economy is directly linked to the

availability of electricity and resources, the Planning Commission of India has invited public
''''' AT A AEOAOOOETT 11 YT AEA8O ~&£EOOOOA |

~~~~~~ EO

)T AEA8O AT Al DPOI AOGAOGET 1T AAPAAEC

import was 70 metric tonnes. spite this huge coal capacity, 27 thermal power projects were

operating with critical coal stock of less than 7 days in Nov 2010. This was mostly because of less

receipt of local coal, delay in import of coaland transportation issues. There are limitaibns on

scaling up of local coal production. Further, poor quality of coal forces power projects to rely on

coal imports. In order to ensure coal resources, Indian companies like Lanco, Adani, JSW, etc, are

acquiring foreign coal fields to assure coal sups for their thermal power projects. Other than

coal, the countries having major oil reserves are politically unstable. Political will to acquire and

hold the resources will seriously affect the fossil fuel imports and continuation of lonterm supply

linkages. Resource risks increase with increased dependence on fossil fuels. Hence, higher energy

~ ~ N oz oA~
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penetration from RE, and diversification of power generation resources will ensure a balanced
energy system.

Diversification in the use of fuels may also be imgrtant for energy security. Fuel transformation
such as coal/oil to biomass can meet demand when conventional fossil fuel supplies are affected.
Rather, this will reduce the dependence on coal and optimise the utilisation of renewable energy
sources. Henceusage of fuel shift technologies and applications need to be promoted.

Wind, solar and hydro resources are codiree resources. After payback of capex, these projects will
have least running costs and have the potential to supply electricity at competie rates on a long
term basis. The fossil fuel costs are increasing because of increasing demand in diminishing
reserves. With increased use of RE technologies and technology breakthrough, these projects will
achieve grid parity. Continuation of RE capaiyi addition will help in achieving capacity additions
when technology breakthrough/grid parity is achieved. Also this will help in gearing up for
expansions and resolving the related issues of higher RE penetrations.

2.2.3 Foreign Exchange Savings: India imported about 84 million tonnes of coal in 20111 and
according to the Coal Ministry, this is expected to increase to 142 million tonnes in 20412. (I
201)4 EA 1 AT AAA AT 6O 1 £ Ei bl OOAA AT Al EO Ali11060
projections, India will require to import around 200 million tonnes of coal by 2015/16 at an
exorbitant price of around Rs.1,30,00@rore. Gradually moving away from coabased projects to
coal/gaszsolar hybrid projects and then to CSP projects would help aving significant amounts of
foreign exchange

2.2.4 The Green Job Bonanza:Renewable technologies are labour intensive and generate much
higher employment compared to conventional power generation technologies. The thumb rule is
that renewables can gearate an average of 20 jobs per MW, including both direct and indirect
jobs. It would be seen fromChapter5 of this report that in the three different scenarios of capacity
addition to achieve 15% RE by 2020, job creation could vary frorhi4.86 lakhs in Senario 1 to
16.62 lakhs in Scenaric3.

2.2.5 Other Benefits to States: Renewable energy development can also be an important tool for
regional economic development within India. Many of the states endowed with rich renewable
energy potential (Arunachal Pralesh, Himachal Pradesh, Uttarakhand)ag behind in economic
development. Developing renewable energy in these states can provide secure electricity supply to
foster domestic industrial development, attract new investments, create employment, and generate
additional state income by allowing the states to sell renewable energy certificates to other states.
Investments to tap the renewable energy potential of these states would thus give a huge boost to
their economies.

The 13th Finance Commission has recommeerd a forward-looking grant as an incentive to states
who increase the share of electricity generated from renewable sourc¢Refer Chapter 1 also) The
grant is to the tune of Rs.5000 crore for stategenerating grid-connected electricity (in MW) from
REsources between FY 20141 to FY 201314. In determining the level of central assistance, state
performance is given a weightage of 7.5%, out of which environmental performance would account
for 2%. It will be based on evaluation of five parameters air quality, water quality, waste
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management, forest cover and climate change. Thumy efforts of the states towards promotion of
REbased power projects will be useful in obtaining maximum share of central grants in future.

2.2.6 Rural Infrastructure Develop ment, Decentrali zation of Development: Corventional
power projects are centralized with huge power generation capacity and long transmission lines
reaching the load centres. On the other hand, the clean energy system is moving towards
decentralized power generation distributed across villages, cities and the states. Except for waste
to-energy projects which are located in urban areas due to availability of the raw material, most of
the REpowered projects including wind, solar, SHP, biomass and -generation projects are
located mostly in interior rural areas. These RE projects help in creating infrastructure and
developing community facilities, besides creating direct and indirect jobs in rural areas. This also
leads to massive investment flow to these area Hence, development of renewables would be a
perfect complement to decentralized development and governance.

*k%k

18



3

Potential and Status of Development of Renewables in India

3.1 RENEWABLEENERGY POTENTIAL IN INDIA

The Ministry of New and Renewable Energy, Government of India, had initiated the process of
assessing the availability of renewable energy resources in India. Different studies were conducted
AO AEAEZAOAT O PTET OO T £ OEIi A AU - . ZaDuUelio chawyidod O O
climatic conditions, rainfall patterns, hydrology, agriculture activities, usage of RE resources and
improvements in technology, the RE potential also kept changing over time. With the advent of
new, stateof-the-art resource assessmentechnigues and technology leapfrogging, assessment of
RE potential in India has further changed, with different governmental and research institutions,
and policy think-tanks making their own assessments. This chapter provides a perspective of these
different RE potentials, the need for further reassessment, and the actual status of development of
RE in India.

3.1.1 MNREEstimate of RE Potential in India

The RE potential assessed by MNRE and published as the official estimate in India is tabulated in
Table 3.1. A brief overview of suksector specific renewable assessment studies is presented
subsequently.

Table 3.1: MNRE Estimate: Renewable Energy Potential in India

Name of State Wind Biomass Bagasse Small Hydro | Total % Share
Power Power Cogeneration | Potential
Potential Potential Potential

1 | Andhra Pradesh 5394 150.2 300 560.18 6404.38 7.32

2 | Arunachal Pradesh| 201 1328.68 1529.68 1.75

3 | Assam 53 165.5 238.69 457.19 0.52

4 | Bihar 530.3 300 213.25 1043.55 1.19

5 | Chhattisgarh 23 220.9 993.11 1237.01 141

6 | Goa 15.6 6.5 221 0.03

7 | Gujarat 10609 1014 350 196.97 12169.97 13.91

8 | Haryana 1261 350 110.05 1721.05 1.97

9 | Himachal Pradesh | 20 128 2267.81 2415.81 2.76
10 | Jammu & Kashmir | 5311 31.8 1417.8 6760.6 7.73
11 | Jharkhand 66.8 208.95 66.8 0.08
12 | Karnataka 8591 843.4 450 747.59 10631.99 12.15
13 | Kerala 790 762.3 704.10 1552.3 1.77
14 | Madhya Pradesh | 920 1065.4 803.64 1985.4 2.27
15 | Maharashtra 5439 1585 1250 732.63 9006.63 10.29
16 | Manipur 7 4.1 109.13 11.1 0.01
17 | Meghalaya 44 11 229.80 45.1 0.05
18 | Mizoram 0 166.93 0 0.00
19 | Nagaland 3 3.1 188.98 6.1 0.01
20 | Orissa 910 147.3 295.47 1352.77 155
21 | Punjab 2674.6 300 393.23 3367.83 3.85
22 | Rajasthan 5005 4595 57.17 9600 10.97
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Name of State Wind Biomass Bagasse Small Hydro | Total % Share
Power Power Cogeneration | Potential
Potential Potential Potential
23 | Sikkim 98 265.55 363.55 0.42
24 | Tamil Nadu 5374 863.3 450 659.51 7346.81 8.40
25 | Tripura 46.86 0 0.00
26 | Uttar Pradesh 137 1477.9 1250 460.75 3325.65 3.80
27 | Uttaranchal 161 6.6 1577.44 1745.04 1.99
28 | West Bengal 22 368.3 396.11 786.41 0.90
29 | A&N Islands 2 7.27 9.27 0.01
30 | Lakshadweep 16 16 0.02
Total 49130 17981.5 5000 15384.15 87495.65* | 100.00

(*RE potential tabulated above excludes wagteenergy, industrial waste and solar power generation potential)

Wind Potential Assessment: Wind potential assessmentwas undertaken by the Centre for Wind
Energy Technology (GNET), Chennai, the nodal agency under MNREEarlier, GWET had
published a wind assessment report, wherein the total wind power potential in 9 tates was
estimated as 48,562 MW, at a hub height of 50 metres, with assumptions of 1% land availability in
the identified windy region and land requirement of 12 hectares for each megawatt. Further-C
WET reassessed the wind potential and came up with aw figure of installable potential in windy
states as 49,130 MW in its wind atlas, which was prepared in collaboration with Risoe, Denmank
April 2010. These estimates were based on assumptions of 2% of land availability in potential
states and 9 MW instllable wind power capacity per squarekilometre area. Apart from this the
major off-shore potential is not yet assessed.

Solar Potential Assessment: MNRE has not yet published the statewise power generation
potential from solar energy sources. Howeverthe India Meteorological Department, Ministry of
Earth Sciences, New Delhi, has publisheédl O A BdlaORadiadt Energy Over Indi@in 2009. This
report provides mapsrelated to solar radiation levels in different parts of the country,global solar
radiation and daily distributions of sunshine hours, etc. Potential solar states can be found from
this map but exact potential have not been presented.

Biomass and Cogeneration Potential Assessment. Biomass resource assessment programme
was initiated by MNREinitially at the block level. Later district level resource assessment studies
were done with the help ofthe Indian Institute of Science, Bngaluru. The potential of power
generation from surplus biomass was assess as 18,000 MW. Apart from biomass, segrate
potential from bagasse cogeneration waassesedas 5000 MW.

Small Hydro Potential Assessment: Hydro projects up to 25 MWecapacity have been categorized
as Small Hydro Power (SHP) projects and fall under the purview dfe Ministry of New and
Renewale Energy. MNRE had estimatethe potential of SHP asl5,384.15 MW which includes
around 5,718 potential sites.

Waste-to-Energy Potential Assessment: Urban liquid and solid waste data was collected from
urban local bodies at the time of preparation othe national master plan for development ofwaste-
to-energy in India which estimated the potential of around 462 MW by 2017 from urban liquid
waste and 4566 MW by 2017 from solid waste Apart from urban local bodiedifferent industries
also generatealot of process waste which has potential of 1997 MW by 2017.
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Geothermal Energy Potential Assessment: Geological Survey of India (GSI) has identified 350
geothermal energy locations in the country which can generate 10,600 MW of power. Of this, 62
are distributed along the northwest Himalaya, in thestates of Jammu and Kashmir, Himachal
Pradesh and Uttarakhand. Actual resource assessment studies with the help of deep drilling have
not yet been undertaken so as to explore the exactofential and commercial vability of such
projects.

3.1.2 Estimate of REPotential in India by the World Institute of Sustainable Energy (WISE)

The preliminary potential assessment study carried out by WISKTable 3.2) indicates wind
potential in the country to the extent of 100 GW, taking into consideration the technology
advancement inwind energy generators higher hub heightand expanded resource explorationin
the case of solar energy, availability of 2,08,110 dom of high radiation desert land or
development has been themajor deciding factor. The solar potential would be higher when other
wasteland and rooftops are taken into consideration. However, the RE potential assessment done
by WISE needs to be validated through field studies.

Table3.2: Grid-connected RE Potential in India (WISE Estimate s)

Energy Source Potential (MW) Assumed Plant Load Annual Energy Generation
Factor (PLF) in % in Billion kWh
Wind 100,000 25 219
Small Hydro 15,000 45 46
Bagasse 5,000 60 26.3
Biomass 16,881 60 88.72
Large Hydro (existing & 100,000 60 525.6
future)
Large Hydro in Bhutan 16,000 60 84.1
Waste to Energy 5,000 60 26.28
*Solar CSP based powe 200,000 35 613.2
generation
*Solar PV/CPV based 200,000 20 350.4
power
Geothermal 10,000 80 70.1
TOTAL 662,881 2049.70
Note: Resource Potential of other RE sources including offshore wind, tidal, biogdmsed power not
considered.
* India has a total suitable desert area of 208,110 sq.km for solar power generatiddnly 10% utilization of the
same will result in above CSP/PV poterdi (assuming 20 MW/sq.km)

3.1.3 Planning Commission, Gol Assessment of Solar Potential in India

The interim report of the Expert Group of the Planning Gumission, Government of Indiapn Qow

Carbon Strategies for Inclusive GrowtBHasunder Section 318 ¢ch O%l AAOOEAEW i 3 ODPDI
and Renewablefstated that the National Solar Mission has provided solar power the much needed

thrust to make it a major contributorto) T AEAG O £0 O O (vffers Anbnk dolaktagéstéros ) O
both centralized anddecentralized power generation,and also for powering the rural areas. Solar

is presently expensive, almost @ times that of coal based power. Howeverthe industry is

optimistic that with growing manufacturing capacity in the country, shortterm viability gap

support from the government, aggressive research and developmerdnd large-scale deployment,
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grid parity could be achievedwithin the coming decadeor even earlier. Solar installed capacity if

pursued aggressivelycould grow to 20,000 MW by 2020. lis one of the critical technology options

Al O YT AEAGO 111 c. Seveal partd bfArdig dre éhdoed AvithOgdod solar

radiation and deploying solar even on 1% of the land area could result in over 500,000 MW

of solar power. The coming decadas vital to validate the techngeconomic viability of solar as a

i AET O AT 1 OOEAOOI O O OEA TAOEI1860 A£OOOOA Al Aocgus
3.1.4 Wind Power Potential estimate by Lawrence Berkeley National laboratory (LBNL)

The LBNLhas re-assessedhe wind power potential of India usinga globally accepted methodoloyg
and come to a conclusion tha® O E fassédgkd onshore developable wind potential at 80 m hub
height in India below the cost of Rs.6/kWh is 676,218 MW after assuming that farms, forests, other
protected land and geogaphically hard terrains are not available for wind farm development.
Offshore developable potential in India is about 214,304 MW his potential is likely to be higher as
better technology gets deployed. The land exclusion includes areas with slapgreater than 20
degrees, elevation greater than 1500 m, fore®, snow coveed areas, water bodies,and other
protected areas along with crop landé (| x AOA Oh -sc@ld dskessrhetCof very high
resource potential needs to be validated through fieldevel sudies considering various other
limiting factors.

The outcomes of various potential assessment studies underline the fact that renewable energy
potential is not a constraint for meeting the NAPCC target of RE injection.

3.1.5 Need for Re-assessment of RE Potential in India

Even thoughsuch differing estimates as described above give widely varying figures of potential,
one thing remains clear as of now: renewable energy potential or the supply side would not be a
constraint in achieving 15% RE additiorby 2020. The common concern among experts is that the
present RE estimatesdone by MNRE are grossly undeestimated. Hence here is a need to
realistically re-assess the statavise potential of all RE sources in the country;

Wind : In the case of wind pover, potential assessments done by-&/ET were at 50 m mast height,

where as wind turbines of 80 m and above hub height are being used. Over and abov& %4 6 O OE OA
developers have identified additional sites, thus increasing the assessed potential. In these of

Tamil Nadu, the present installed wind power capacity (5,903 MW has already crossed the

officially assessed technical potential (874 MW). Further, additional 3,000 MW of projects are in

the pipeline in Tamil Nadu. Also, the revised potential assement of GWET has reduced the

estimated potential of Andhra Pradesh, Karnataka, Kerala and Madhya Pradesh from its earlier
AOOEIi AOAO xEEAE EO 110 OAOEITAI 8 1101 h POAOGAT O
there is a need to develop a famore refined wind map, with strong focus on assessment of

offshore wind energy potential.

Solar : In the case of solarthe official potential assessment in terms of technically exploitable and
economically feasiblesolar potential in the statesis not available in the public domain. Hence,
projects in the pipeline under JINNSM are a major concern for bankers and financial institutions
(FIs) who are not relying on energy estimates done on the basis of weather model resource
assessments and are insisting ro actual ground solar resource assessments. Like in the case of

22



Achievin g 12% Green Electricity by 2017

wind, ground wind resource assessment studies are undertaken byWWET whose data is trusted
by Fls and bankers. In this way, MNRE should initiate ground solar radiation resource assessments
on sites identified by SNAs so that officially validated data will be available to investors and
bankers.

Biomass & Cogeneration : Further, in the case of biomass and bagasse resources;pus biomass
availability for power generation is hugely affected by change in rainfall, cropping pattern,
consumption by different industries and sourcesetc. Hence, though Indidhas ahuge untapped
potential of biomass resources, overexploitation of biomass will have serious implications orits
availability for cooking-fuel and fodder and alsoon its availability for existing projects. Hence for
sustainabledevelopment of REre-assessment of RE potential isf crucial essence

Small Hydro: In the case of small hydro power projects, changes resulting from global waing
and rising industrial usage have affected the flow of water and availability of hydro power.

Other RE:Apart from the above, renewable resources like geothermal, wave and tidal power also
have huge potential. Geothermal projects have been commerciallieveloped in other parts of the
world. There are many private developers interested in venturing in to this area. However, actual
resource assessment with the help of deep drilling is required. Similarly, wave and tidal power is to
be assessed on priorig to develop pilot scale projects and further commercial projects in thé2t
plan period.

In the absence of realistic RE potential assessment figures, policy decision on power generation
could be skewed in favour of conventional sources

3.2 CURRENT STAUS OF RE DEVELOPEMENT

All India installed capacity of power generation projects is 1,75,146.36 MW as on 31 March 2011.
Of this, 65% installed capacity is dominated by thermal power generation projectsRenewables
contribute about 11% (19,974.48 MW)in terms of installed capacity as shown in Figure 3.1 and
4% in terms of electricity generated as shown in Figure 3.2.

Figure 3.1: Share of RE inOverall Power Generation Capacity (MW)

Installed Capacity of Power Projects

RE projects in India
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Figure 3.2: Share of RE Generation in Overall Power Gener ation (MU)
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Wind: Of the 19,974.48 MW of installed renewable capacity, wind power contributes 71%. This
sector has received continuous state and central government support, preferential feeak-tariff
and tax sops. Wind tekinology is well commercialised. The sector has seen many new entrants in
the recent past in the wind turbine manufacturing segment with MW class wind turbines. Most of
the Class | sites have been explored, leaving behind Class Il and Class Il sitesgbiesgj the project

on such sites and achieving higher generation is a huge challenge. Acquisition of private land,
obtaining forest clearances, development of infrastructure on complex terrains, implementation of
evacuation infrastructure, identification of new sites for development and scheduling and
forecasting generations are some of the challenges faced by this sector.

Small Hydro Power: Small hydro projects have achieved the cumulative capacity addition of
3042.63 MW. However, there is still huge untgped potential to be achieved out of the 15 GW
assessed potential. SHP technology is also well established and commercialised and has low
running cost. Development in this sector has been relatively slow because of timmensuming land
acquisition and forestclearance procedures, lack of clear policy for private sector participation in
some states and delay in getting project clearances.

Biomass: Biomass power projects have the highest PLF among all RE technologies. About 997.10
MW of biomass power projectsand 1667.53 MW of bagasse egeneration projects have been
commissioned in India. Biomass power is also unexplored to a large extent, though the technology
Maharashtra has encouraged such projects. The increased use of biomass by other industries,
changing cropping pattern, and reduction in cultivable agriculture land has reduced the surplus
available biomass for power generation. Thusabsence ofassured supply chain, presence of
multiple middlemen, the absence of weldefined agrowaste supply contracts, difficulties in
acquiring wastelands for energy plantation are some of the teething problems of the sector.
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Further, increased demand has inflated the biomss prices, particularly that of rice husk which is
threatening the economical operation of biomass power projects.

Waste-to-Energy: Despite having Municipal Solid Waste (MSW) Management & Handling Rules
2000 in place which obligates the Municipal Corporabns to scientifically dispose the waste, these
projects are not picking up. As of 31 March 2011, only 72.46 MW of waste-energy projects have
been imstalled in India. Success stories of running projects in Andhra Pradesh, and huge subsidies
and incentives from the Central Govt could not promote this sector. Increasing waste with rising
population and improved lifestyle, public agitations against open dumping, unavailability of further
sites in suburbs for waste dumping and scientifically disposing suchaste is a critical task in front

of corporations. However, though large quantity of waste is available for power generation, there is
no regular supply of processed and segregated waste for energy generation projects.

Solar Power: Government commitments trough JNNSM for development of lorgerm solar
projects has attracteda large number ofinvestors towards this sectorin a short time frame. About
37.66 MW of projects have been commissioned in India within the last two years, courtesy the
semiconductor policy, solar SEZ, separate RPO for solar, feiedtariff, etc. Development of
evacuation system, land acquisition, bankable PPA, lack of availability of measured solar data,
availability of steam turbine for solar power projects are some of the major barers for
development of solar projects in India.

In 2010z11, India emerged as the third largest market for wind power after China and US. Similar
potential exists in India to emerge as a world leader in solar energy development. Our country has
taken the first steps in this direction by announcing JNNSM targets and beginning their
implementation. A much bigger emphasis on wind and solar energy developmeatpng with other
renewables can catapult India to be a leading green power producer, thus ensuringrdang-term
energy security and autonomy.

(Source MNRE)

*kk
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4
Capacity Addition Required for Achieving

12% RE by 2017 and 15% RE by 2020

As part of the preparations forlaunching the 12th Five Year Plan, the Planning Commission,

Government of Inda has identifieA Ox A1 OA OOOOAOACU AEAThd Fannhd 06 E1
Commissi T EAO AOEAAI U AAOAOE Adhdinvitell dpdnsediod OADAIC U AEA
The Commission has decided that the 12th Plan Approach Paper will be evolviédough a web-

basal consultative process to finalisethe major targets and the key challenges in meeting them,

and the broad approach that must be followed to achieve the stated objective$ the Plan This

Approach Paper will then be approved by the Cahét and the National Development Council. The

twelve strategy challenges are listed below:

i. Enhancing Capacity for Growth

ii.  Enhancing Skills and Faster Generation of Employment
iii.  Managing the Environment

iv.  Markets for Efficiency and Inclusion

v.  Decentralisation,Empowerment and Information

vi.  Technology and Innovation

vii.  Securing the Energy Future for India

viii. Accelerated Development of Transport Infrastructure

ix. Rural Transformation and Sustained Growth of Agriculture
X.  Managing Urbanization

xi.  Improved Access to Quality Educain

xii. Better Preventive and Curative Health Care

/| 66 T &£ OGEA AAT OA OxAl 6OA OOOAOGACU AEAéntokpagsdsOh O3/
the national targets for renewable energyduring the 12th Five Year Plan period.

The National Action Plan on @nate Changehas set a goal of a 1% annual increase in renewable

energy in the national grid starting from 5% in FY 200910 and increasing to 15% of the energy

mix of India by 2020. The share of renewable energy is currently 4% of the energy mix as on Marc
¢mpp8 4EEO pub 2% AU ¢ngnm EAO OEOO AEEAAOEOAI U |
mandated. After the announcement of the NAPCC (June 2008) and the JNNSM (November 2009),
various initiatives have been taken by the government, the Central éftricity Regulatory
Commission and SERCs, to set the momentum to achieve this target. However, there is no clear
indication or clarity on the grid connected RE capacities that need to be added to achieve this 15%.

This chapter analyses these aspects andgjects three different scenarios for RE capacity addition.

27



Achieving 12% Green Electricity by 2017

4.1 THE APPROACH AND METHODOLOGY

Approach : The approach in this study is to see how this national target can be achieved (and not
whether it can be achieved) and to decide the RE capacity atidihs required to achieve this target.
The study aims to:

e Verify adequacy ofthe government planned capacity additions for 12» and 13t plan periods to
meet 15 %RE inection by 2020 targeted under the NAPCC;

o Verify adequacy of the statdevel RPO targts in meeting the national RPO;

o Review the statgwise RE potential / installed capacity and unexplored potential in order to
ascertain the potential RE sources / states which could contribute substantially;

e Project likely RE capacity addition scenario@t Pan India level and at state levels to match
NAPCC target;

e Assess the impact of these capacity addition scenarios on average power procurement cost
(APPC) (Parindia basis).

Adequacy of the governmenjplanned RE capacityaddition over 11th and 12h Plan periods has also
been verified by comparing it with the anticipated renewable energy generation envisageith the

NAPCC The possible renewable energy injection into the national grid due to mandatofgPO
targets specified by 25 SERCn India has beenworked out considering the statewise solar and
non-solar RPO targets and statgvise future energy consumption projected by the Central
Electricity Authority (CEA).

Methodology: With the broad objective of meeting the NAPCC target of 15% RE by 2020, atiéht

RE capacity addition scenarios were considered, keeping in mind the availability and commercial
potential of each RE resource in India and finally three scenarios were shortlisted viz: (1) Wind
dominant scenario; (2) SHPBiomass dominant (on CAGR b&g scenario (3) Solar dominant
scenario. Under each of these scenarios, a particular RE source is identified as a prominent
resource for future capacity addition to meet NAPCC targefA Progressive growth rate was
considered for such prominent RE sourcevhile the share of other RE sources has been defined
based on their historical growth rates. By recognizing the various limitations of present officially
assessed RE potential and considering the availability of vast solar resources in India, resource
availability is not considered as a constraint for meeting the NAPCC target.

WISE has also specifically mada request to the state gvernments/State Nodal Agencies of RE
potential states to share the data of capacity addition plans in tlrerespective staes. However, the
response has been very poor andnly a few stateshave responded and sharedimited data about
capacity addition over the next two-three years. Secondary data about state level future RE
capacity addition, RE projects in pipeline, quantumRE addition proposed in the applications
received for setting up the RE projects by SNAs, etc., has been collected from various sources.
However, in view of availability of limited data, the RE capacity addition projections made under
different scenariosare developed based on importance of RE technology from the point of energy
security, present stage of development of RE technology, -utapped RE potential, future cost
reduction trends and scalability, etc. The historical annual capacity addition oveéhe past decade,
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as well as capacity addition in the recent past, has also been studied before projecting capacity
addition scenarios.

Consequently, the most beneficial scenario from the three has been extended at the state level for
working out possible state-wise, RE technologywise contribution towards meeting the national
RPO of 15%. The statavise, non solar RE technology mix is determined on the basis of
preparedness of the respective state in terms of policy and regulatory support as well as resoar
availability and past growth records. Whereas, the solar capacity allocation within the states is
governed by the availability of solar radiation, total geographical area and wasteland.

4.2. THE DIFFERENT TARGETS & PLANS
4.2.1. MNRE Planned Capacity Addition for 11 th, 12t & 13t Plan period s

Prior to the recent developments like the NAPCC angdNNSM, the Working Group on New and
Renewable Energy for the 1% plan had specifieda targeted capacity addition for the 11 plan
period and projected capacity addition fo the 12th and 13" five year plans for RE technologies
other than solar. Same iseproduced in the following Table4.1.

Table 4.1: Planned capacity addition for 11 th, 12t & 13t Five Year Plan period s

Source 11t Plan ( 2007-12) 12 & 13" Plan (2012 -22) Total
Wind 10500 MW 22500 MW 33000 MW
SHP 1400 MW 3140 MW 4540 MW
Bio-energy | 2100 MW 4363 MW 6463 MW

Total | 44003 MW

(Source Working Group on New and Renewable Energy for the 11th five year Plan (A&)7Planning Commission , Gol)

4.2.2. The Jawaharlal Nehru National Solar Mission Target

Under the JNNSM, ambitious targets have been announced for solar energy development. The
Mission will be implemented in three stages up to 2022 leading to an installed capacity of 20,000
MW of grid-connected solar power capacity, 2000 MW of offirid solar applications, and 20 million
sg.m solar thermal collectorarea. The immediate aim of the Mission is to focus on setting up an
enabling environment for solar based gridconnected and offgrid technologies, both at the
centralised and decentralizedevels. The targets are mentioned in Table 4.2.

Table 4.2 Targets specified under INNSM

Application Segment Target

Phase | (201013) | Phase Il (201317) | Phase IIl (20177 22)

Solar Thermal Collector 7 million sq m 15 million sq m. 20 million sg.m
Off-grid solar Applications 200 MW 1000 MW 2000 MW
Grid power including roof | 1,100 MW 4000z10000 MW | 20000 MW

top and small plants
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4.2.3 The NAPCC Target

The NAPC®as recommended minimum share ofenewable energy in the national grid to be sedt
5% in 2009-10, subsequently increasing by 1% every year duringhe next 10 years to reach 15%
by 2020. The anticipatedrenewable energy injection envisaged under the NAPCC has be&und
out by applying the National RPO targets to the all India electricity demand projections given
under the @7t Electric Power Survey of India Repoi D O A1 EBN(Ralle 433Y

4.3 THE EXISTING PLANS/AND SHORAALL VIS-A-VIS NAPCC

Table 4.3 and Fig 4.1 reveal that RE gersion of the order of 162 BU and 248 MU need to be
injected into the national grid to realize 12% and 15% share of RE in 2017 and 2020 respectively.

Table 4.3 All India electricity demand and required RE injection to meet the NAPCC target

FY10 | FY11 FY12 | FY13 | FY14 | FY15 | FY16 | FY17 | FY18 FY19 | FY20

Demand of
electricity 848 906 969 1035 1105 | 1181 1262 1348 1440 1538 1643

(BU)

Required RE
injection (BU) 42.4 54.38 67.8 82.7 99.5 | 118.1 | 138.7 | 161.7 | 187.1 | 215.3 246.4

(NAPCC target)

WISE working
Fig 4.1 Requirement of renewable energy to meet NAPCC target (BU)
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In order to find out adequacy of th