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1 Introduction

1.1 Indian Power Sector

With accelerating growth in recent years, l ndi a’

fast growing demand, continued dependence on fossil fuel depleting conventional sources of
energy contributing to deteriorating environment and global warming, and low pace of capacity
additions as well as energy efficiency improvement. Indian power sector is continued to be
dominated by coal based thermal power with share of more than 54% followed by hydro (26%),
gas (10%), nuclear (3%) and diesel(1%) based power generating systems. Despite growth at
the rate of 6.45% in installed capacity (presently nearly 135.5 GW) and 4.35% in annual
electricity generation (presently at 734 billion units annually), the country is facing increasing
shortage of over 8% in overall electricity supply and over 12% in peak electricity demand. As a
result there is increase in captive power plant with installed capacity of about 21.5 GW with
growth at the rate of over 12%. The major share in captive power plants is thermal (50%), diesel
(35%), and gas (14%).

With increasing threat of global warming which is now convincingly become clear though recent
IPPC report and major share of pollution coming from power sector, there is increasing thrust
again worldwide to promote renewable base power generation not only to achieve energy

security but also to have cleaner environment.

1.2 Indian Renewable energy scenario

Government of India has been consciously attempting to harness new and renewable sources
of energy for supplementing the supply of conventional sources of energy since the olil crisis of
1970s. In fact a separate department of Non conventional Energy sources (DNES) was
established in 1982 which was upgraded to a full-fledged ministry (Ministry of Non conventional
Energy Sources, MNES) in 1992 thereby becoming one of first countries in the world having
dedicated ministry for renewable energy. The ministry was rechristened as the Ministry of New
and Renewable Energy (MNRE) in October 2007.
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India has an estimated potential of about 50,000 MW (revised estimates are above 80,000 MW)
renewable energy power capacity which comes mainly from wind energy followed by small
hydro and biomass. MNRE has been actively promoting the development and dissemination of
a variety of renewable energy technologies for meeting the energy demand for a multitude of
end-users for over 25 years now though variety of promotional schemes, financial as well as
fiscal incentives . However despite continued efforts by MNRE the actual field level penetration
of many important renewable energy technologies is far less than their estimated maximum
utilization potential. Table 1 below presents the cumulative dissemination numbers of various
renewable energy technologies as on 31st March 2009 as against the maximum utilization
potential.

Table 1: Potential and achievement of grid interactive renewable power (MW)

Wind power 45,195.00 10,242.50
Biomass Power 16,881.00 703.30
Bagasse Cogemration 5,000.00 1,048.73
Small Hydro power (upto

25 MW) 15,000.00 2,429.67
Energy recovery from 2.700.00 58.91
waste

Solar PV _ 2.12
Total 84,776.00 14,485.23

In the last two decades renewable energy technologies have matured enough not only to
supplement conventional power but also to provide viable solutions in the off-grid mode to meet
the electricity needs of remote villages in the country. However, the major sources of grid
interactive renewable power so far are wind, small hydro and biomass. During the 10th Plan
about 6770 MW grid interactive renewable power capacity were installed which is more than
double the target of 3075 MW out of which about three-fourths came from wind and the balance
one-fourths came from bio-power and small hydropower, helping to reduce peak shaving of

demand.

UNDP / GEF BIOMASS POWER PROJECT 2
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1.3 Biomass power scene of India

Renewable energy is of growing importance in responding to concerns over the environment
and the security of energy supplies. Biomass is unique in providing the only renewable source
of fixed carbon, which is an essential ingredient in meeting many of our fuel and consumer
goods requirements. Wood and annual crops and agricultural and forestry residues are some of

the main renewable energy resources available.

Biomass has been and is still one of the major energy sources being agrarian developing
country. Various biomass energy resources are fuel wood from forest and wasteland, agro-
residues, non-edible oil seeds, other degradable biomass. It is estimated that over 500 million
tonnes of agro-residues are produced in India. After deducting the amount used as fodder, as
domestic cooking fuel and other local uses about 120 to 150 million tonnes of surplus biomass
is available annual with estimated power production potential of the order of 17,000 to 22,000
MW. Out of this almost one forth can come from agro-processing based industries like rice mills,
sugar mills, oil mills where huge quantities of biomass is produced as by-product during the
process. Remaining power potential need to be exploited from distributed farm level and
distributed agro-processing activities though out the country. In addition some power can be
produced from fast growing energy plantations on over 70 million hectares of wastelands spread

over different states.

The Biomass power/cogeneration programme is implemented with the main objective of
promoting technologies for optimum use of

power generation. Biomass materials successfully used for power generation include bagasse,
rice husk, straw, cotton stalk, coconut shells, soya husk, de-oiled cakes, coffee waste, jute
wastes, groundnut shells, saw dust etc. The technologies being promoted include combustion/
cogeneration and gasification either for power in captive or grid connected modes or for heat

applications.

Among the various thermo-chemical conversion options, direct combustion of biomass has been
recognized as an important route for the generation of substantial quantities of grid-quality
power by utilizing some of the vast amounts of agricultural and agro-industrial residues and
forest wastes which are currently being wasted or sub-optimally utilized in the country.

Exploiting the available renewable biomass energy resource offers an effective solution to the

UNDP / GEF BIOMASS POWER PROJECT 3
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energy crisis. Also it offers an opportunity for supplementing fossil fuel energy because the
technology available is already well established and indigenized for biomass utilization in energy

generation.

1.4 Objectives and scope

MNRE is implementing the UNDP/GEF as si st ed proj ect on “Removal of
Power Generation in India”. The defined objective
of environmentally sustainable biomass power technologies by removing the barriers identified,

thereby laying the foundation for the large scale commercialization of biomass power through

increase access to financing.
In accordance with request for proposal scope of the assignment comprises of
1 Preparation of structured database regarding

0 Biomass availability

0 Selected grid connected biomass power plants

1 Review, analysis, synthesis of information/data and their validation through field visits

and/or meetings

1 Development of generic guidelines and technical reports identifying major barriers along

with suggestions to overcome
o Policy/regulatory barriers
o Technical barriers
o Financing barriers
0 Fuel supply linkage barriers

1 Providing generic guidelines for defining catchment/command areas and identification of
suitable sites/locations for setting up power plants of 5/10 MW capacities

Deloitte Touche Tohmatsu India Private Limited (DTTIPL) was awarded study for the southern

region of India covering biomass power plants installed in

UNDP / GEF BIOMASS POWER PROJECT 4
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1 Andhra Pradesh
1 Karnataka

1 Tamil Nadu

1.5 Approach and Methodology

As a first step after getting the indicative list of biomass power plant in the target states,
exhaustive list of all the biomass power plants was prepared through internet as well as through
communication with some of the biomass power plant promoters, state level officials and
biomass power plant association members. Chapter 4.1 gives the list of biomass power plants
in the three target states of Andhra Pradesh, Karnataka and Tamil Nadu in southern region of

India.

In order to carry out the review, a detailed questionnaire was prepared to gather information
from biomass power plant on various aspects and enable to develop structured data base as
per one of the objectives. Apart from this extensive literature survey and information data
collection was carried out through internet, UNFCCC website (specially for projects registered
as CDM project), and available secondary sources of information/data with regard to biomass

availability, biomass power plants, learning/findings from previous studies.

In addition as suggested in request for proposal field visits to selected power plants and meeting
with relevant stakeholders (state nodal agencies, State electricity boards and biomass power
plant association officials) were carried out for validating the information/data and gathering
further information, insights of ground reality with regard to various issues, concerns and future

vision about biomass power plant promotion in the region.

This report summarizes the details of the work done and major outcomes of the study based on
findings and learning from study of existing plants covered under this study. In order to provide
insight for future roadmap/guidelines for 5/10 MW grid connected biomass power plants as well
as promotion of biomass based power solutions in future based on sustainability of biomass
supply the findings are presented in more generic in nature rather than plant specific covering

the scope of work.
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The annexure volume of the report, being enclosed, gives detailed information about the various
biomass power plants installed in the states covered mainly to make structured database (giving
plant details, biomass used, operational details etc), biomass availability as well as power
production potential information compilation (state as well as district wise), various policies, tariff
orders related to biomass power plants in these states etc.
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2 Review of Biomass Power Plants

Since mid-nineties MNRE is implementing its biomass based combustion and cogeneration
power plants. So far about 203 plants aggregating to about 1677 MW installed capacity have
been commissioned in different states of the country till November 2008 for feeding power into
the national grid. Leading states in installation of bagasse cogeneration are Uttar Pradesh,
Karnataka, Tamil Nadu, Andhra Pradesh and Maharashtra in the order. While in biomass power
the leading states in order are Andhra Pradesh, Chhattisgarh, Tamil Nadu, and Karnataka.
Table 2 below gives the installation of biomass power plants and cogeneration plants in different
states. There are about 171 plants both biomass power and bagasse cogeneration) in the

pipeline at various states of implementation aggregating to additional 1950 MW installed

capacity.

Table 2: Installations of biomass power-cogenerations plants in India
Andhra Pradesh 40 219.75 18 124.05
Chhattisgarh 18 146.30 - -
Gujarat 1 0.50 - -
Haryana 1 4.00 1 2.00
Karnataka 11 81.00 16 180.78
Madhya Pradesh 1 1.00 - -
Maharashtra 2 11.50 20 102.50
Punjab 2 16.00 2 12.00
Rajasthan 3 23.30 - -
Tamil Nadu 12 133.70 17 179.00
Uttar Pradesh - - 26 352.50
Total 91 637.05 100 952.83

UNDP / GEF BIOMASS POWER PROJECT 7
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As mentioned earlier, the three states covered under the current assignment (namely Andhra
Pradesh, Karnataka, and Tamil Nadu) from southern region are among the top four leading
states in the field of biomass power plant implementation in India. In the target region of south
India there are in all 63 biomass power plants with cumulative installed capacity of 434.45 MW

have been commissioned so far in the three states covered under the study as follows:
1 Andhra Pradesh 219.75 MW (40 units)
1 Karnataka 81.00 MW (11 units)

1 Tamil Nadu 133.70 MW (12 units)

The following chapter gives the detailed information about review of biomass power plants in
these states.

2.1 Biomass power plants installed in the state

The biomass power plants are being promoted in India since mid nineties and Andhra Pradesh
took lead in this mission and presently has almost one-third of total installed biomass power
plant capacity in the country with cumulative installed capacity of 219.75 MW from in all 40
plants commissioned till November 2008. Figure 1 gives the progress of biomass power plants
in the state while Table 3 gives the details of biomass power plant installed in different districts
of Andhra Pradesh.

UNDP / GEF BIOMASS POWER PROJECT 8
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Figure 1: Biomass power plant installations in Andhra Pradesh
Table 3: Biomass power plants in Andhra Pradesh
Saro Power & Infrastructures Ltd. Mehboobnagar 6 2003
2 Surya Teja Power Projects Pvt Ltd Mehboobnagar 6 2007
3 Veeraiah Non-Conventional Power Krishna 2002
Projects Ltd
4 Vijay Agro Products Pvt. Ltd Krishna 4 2001
5 Balaji Agro Oils Ltd Krishna 4.5 2003
6 Satyamaharshi Power Corporaion Ltd Guntur 6 2004
7 KMS Power Ltd (Greenko Group) Guntur 6 2002
8 Satyakala Power Projects Pvt. Ltd Krishna 4 2001
9 Roshni Powertech Ltd. (Greenko Group; Krishna 6 2001
10 Sree Rayalseema Green Energy td Kurnool 5.5 2001
11 My Home Power Ltd Medak 9 2002
12 Agrigold projects Ltd Prakasham 2003
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14
15
16
17

18
19
20

21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

Clarion Power Corporation Ltd Prakasham
Gowthami Solvent oil Ltd West Godavari
Ind Bharath Energies Ltd Nalgonda
Sahilvahana Green Energy Ltd Adilabad
Sri Balaji Biomass Power (P) Ltd Cuddapah
Sattenpalli Greenko

Gayatri Agro Industrial Power Ltd Nalgonda
Indur Green Pvt. Ltd Nizamabad
Sri Kalyani Agro Products and West Godavari
Industries

Vamshi Industries Ltd East Godavari
Varam Power Projects (P) Ltd Srikakulam
Suchand Power Gen (P) Ltd Kurnool
Gowthami BioenergiesLTd Khammam

Singarya Hills Green Power (P) Limited  Prakasham

Harsha power projects Ltd. Medak
Matrix Power (P) Ltd Guntur
Rithwik Energy Syatems Ltd Chitoor
Om Shakti Renergies Ltd. Chitoor
Velagapudi Power generation Ltd. Guntur
Perpetual Energy systems ltd Vijayanagram
SLS Powerltd Nellore
HCL Agro Power Ltd. Krishna
Jyoti Bioenergy Ltd Prakasham
Jocil Ltd Guntur
Sudha Agro Oil &hemical Industries Ltd East Godavari
Shree Papers ltd East Godavari
Jyoti Bio energy Ltd Prakasham
Rithwik Power Projects Khammam

Sri Raydseema High Strength Hypo Ltd Kurnool
Total Installed Capacity

12
2.75
6
6
6

PO o o o M~

4.5

O o o0~ O O

4.5

oo ~bA~ O

219.75
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When the biomass power plant promotion started in the country large number of licenses (67
numbers with cumulative capacity of 404 MW) were issued by NEDCAP during 1998-1999.
However, later no new licenses were issued for biomass power projects in the state. The first
2.75 MW power plant was commissioned in 1996 in West Godavari district and later one more 1
MW plant came in Medak district. It can be seen from Figure 1 that after commissioning of first
plant in 1996 majority (more than three-fourth) of the biomass power plants in Andhra Pradesh
got commissioned during the year 2000 to 2004 and then few in last 3 years. The three
adjoining districts of Krishna, Prakasam and Guntur have 16 plants installed with cumulative
capacity of 89.5 MW (more than 40% of total for state).

In Karnataka the first plant, with small capacity of 4.5 MW, was commissioned in July 2001 in
Mandya district in south Karnataka. Majority of the plants, almost three-fourth in numbers as
well as installed capacity came during year 2004 to 2005. Out of 11 plants with cumulative
installed capacity of 81 MW in the state so far, six plants are located in the rice bowl area of
Tungbhadra river in a close cluster in Koppal, Bellary and Raichure districts in north east
Karnatala with cumulative capacity of 40.5 MW. The largest plant installed so far is of 20 MW
capacity in Chitradurga district which was commissioned in January 2004. Figure 2 shows the
progress of biomass power plant installation in the state while Table 4 gives the details of

biomass power plant installed in different districts of Karnataka.
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Figure 2: Biomass power plants in Karnataka

Table 4: Biomass power plants in Karnataka

Malavalli Power Plant Rst. Ltd Mandya 4.5 Jul-01
2 Bhagyanagar Solvents and Raichur 7.5 Sep-03
extractions Pvt. Ltd
3 Samsons Distilleries ltd Davanagere 2 Jul-03
4 R K Powergren Ltd Chitradurga 20 Jan-04
Sri Indra Power Energies Pvt. Koppal 6 Feb-04
Ltd
6 Poweronicks Ltd Bellary 6 Oct-04
7 Koppal Green Power ltd Koppal 6 Jan-05
8 Konark Power Ltd Tumkur 6 May-05
9 Ravi Kiran Power Projects ltd Koppal 7.5 Jun-05
10 Koganti Power Ltd Raichur 7.5 Nov-05
11 Hassan Biomass Power Hassan 8 May-06

Company Pvt. Ltd

Total Installed Capaci ty 81

UNDP / GEF BIOMASS POWER PROJECT
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In Tamil Nadu though the first biomass power plant of 12 MW capacity was commissioned
during initial period in March 1997, the real boost came in 2006 with commissioning of three
plants with cumulative capacity of 48.5 MW. Similar to Karnataka here too majority of the plants
are located in southern districts of Tamil Nadu namely Sivagangai, Ramnathpuram, Pudukottai,
Thoothukudi, Tirunelveli and Madurai with more than 80% share in the installed capacity of the
state. In Tamil Nadu there is also one biomass gasifier based grid connected power plant of
1.25 MW capacity in Coimbatore district. Recently in April 2009 (just before field visit) one
10 MW biomass power plant was commissioned in Madurai district of which major
preassembled components were imported from China. Figure 3 gives the progress of biomass
power plant installation in the state while Table 5 gives the details of biomass power plants
installed in different districts of Tamil Nadu.
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B |nstalled capacity (MW) Cumulative capacity (MW)installed
Figure 3: Biomass power plants in Tamil Nadu
Table 5: Biomass power plants in Tamil Nadu
1 Mohan Breweries Distilleries Ltd Kancheepuram 12 Mar-97
2 Shri Renuga Textiles Ltd. Theni 4.5 Jul-01
3 Raghurama Renewable Energy Ltd Ramanathapuram 18 Oct-04
4 Chitra Bio Energy Limited Pudukottai 7.5 Mar-06
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5 Ind Bharat Energies Ltd. Thoothukudi 20 Jun-06
6 Aurobindo Agro Energy (P) Ltd Sivagangai 21 Sep-06
7 Pratyusha Power Pvt. Ltd. Tirunelveli 10 Aug-07
8 TCP Limited Sivagangai 9 Sep-07
9 Shriram Investments Ltd. Dindigul 7.5 Nov-07
10 Empee Disterliries Pudukottai 10 Apr-08
11 Manali Petrochemical Ltd Chennai 4.2 Dec-08
12 Auro Mira Bio Energy Madurai Ld Madurai 10 Apr-09
Total Installed Capacity 133.7

2.2 Field visits to selected biomass power plants

The purpose of field visits was multi-fold. Main objective was to meet various stake holders such
as power plant promoters, managers, field supervisors, official of concerned state government
agencies, members of biomass power plant associations and try to get insight on various
issues, concerns based on ground realities apart from validation of key information/data
gathered through secondary information sources and questionnaire.

After collecting the preliminary information about the spread of plants, capacity, and biomass
used by contacting plant promoters field visits were planned to selected plants in the target
states of Andhra Pradesh, Karnataka and Tamil Nadu. In all 21 biomass power plants were
visited against the minimal sample size of 11 for field visits as per the Terms of Reference (ToR)

as per the break up given in Table 6.

Table 6: Details of field visits to selected plants

Andhra Pradesh 40 6 11 7 in east, 3inwest, 1in
north region

Karnataka 11 2 4 4 in north -east region

Tamil Nadu 12 3 6 5in south, 1 in north region

Total 65 11 21
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In Andhra Pradesh majority of the plants are located in Krishna-Godavari belt in Krishna,
Godavari, Prakasam, Guntur district. Other major belt is along Karnataka border in
Tungabhadra rice bowl in Mahboobnagar-Kurnool districts and few others are there in north and
south region. Therefore considering the logistics and maximizing number of plants during
available short duration visits were planned for 7 plants in dense cluster around Vijayawada, 3
plants in districts adjoining Karnataka and one plant near Hyderabad in north region. Meetings
with Andhra Pradesh Association members in their office, officials of State Nodal Agency in
Hyderabad also gave some useful information and their views about prevailing situation,
challenges in promoting biomass power plants in the state. The details of the plants visited are
summarized in Table 7 and Figure 4 gives the graphical presentation showing the spread of the
plants within various districts of the state and plants field visited.

Table 7: Details of power plants visited in Andhra Pradesh

1 Saro Power & Infrastructures Ltd Mahboobnagar 6 MW May 2003 Habib Sharief

2 Surya Teja Power Projects Pvt Ltd Mahboobnagar 6 MW May 2006 M S Bharat

3 Sree Rayalseema Green Energy td Kurnool 5.5 MW Feb 2001  Bharath Kumar

4 My Home Power Ltd Medak 9 MW Feb 2002 D P Choudhary

5 Vijay Agro Products Pvt Ltd Krishna 4 MW Dec 2001 Ravindranath

6 Balaji Agro Oils Ltd Krishna 4.5 MW Jun 2003 Bhanu Prasad

7 Veeraiah Non-Conventional Krishna 4 MW Oct 2002 K Kamala
PowerProjects Ltd Prasad

8 Roshni Powertech Ltd (Greenko Krishna 6.5 MW Aug 2001 J Amarnath
Group)

9 Satyakala Power Projects Pvt Ltd Krishna 4 MW Nov 2001 Sai Kumar

10 Satyamaharshi Power Corp Ltd Guntur 6 MW Jul 2004 K Srinivasa Rac

11 KMS Power Ltd (Greenko Group) Guntur 6 MW Jul 2002 Rama Krishna
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Figure 4. Biomass power plants installed in Andhra Pradesh

As mentioned earlier apart from largest plant of 20MW capacity in Chitradurga district, majority
of the plants are located in north east region adjoining Andhra Pradesh in districts of Koppal,
Raichur and Bellary which is also called rice bowl of Karnataka along the river Tungabhadra.
Therefore field visits were made to 4 out of 6 plants installed in that region. Detailed discussions
in meeting with representative of biomass power plant association of Karnataka also gave
useful insights in the situation of the region and challenges faced by majority of the plants in
Karnataka. The details of the plants visited are summarized in Table 8 and Figure 5 gives the
graphical presentation showing the spread of the plants within various districts of the state and

plants field visited.
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Table 8: Details of power plants visited in Karnataka

1 Bhagyanagar Solvents and Raichure 7.5 MW Sept 2003 Laxman Rao
extractions Pvt. Ltd
Koganti Power Ltd Raichure 7.5 MW Nov 2005 Ved Aakash
Poweronics Ltd Bellary 6 MW Oct 2004 K Madhusudan Rac
Koppal Green Power Ltd Koppal 6 MW Jan 2005 V Gopala Kishna
Karnataka
Map BbARJ 1. Bhagyanagar Solvents and

_ extractions Pvt. Ltd

2. Koganti Power LtdSaro Power &

GULBARGA™
Infrastructures Ltd

BIJAPUR: :
c
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RAIGHUR * 4. Poweronics Ltd
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Figure 5: Biomass power plants installed in Karnataka

In Tamil Nadu majority of the plants are installed in the southern districts of Sivagangai,
Ramnathpuram, Pudukottai, Thoothukudi, Tirunelveli, Madurai contributing more than 80% of
installed capacity within the state and there are few plants in north around Chennai. Therefore
field visits were carried out to 5 plants in southern around Madurai and one plant near Chennai.

In Chennai discussion with officials of Tamil Nadu Biomass association, TNEB and TEDA gave
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valuable information with regard to tariff related issues, biomass availability and insights
regarding challenges faced and future vision for biomass power plant promotion in the state.
Details of plants visited are summarized in Table 9 and Figure 6 gives graphical presentation

showing the spread of the plants within various districts of the state and plants field visited.

Table 9: Details of power plants visited in Tamil Nadu

1 Manali Petrochemical Ltd Chennai 4 MW Nov 2008  Balasubramanian
2 Shri Renuga Textiles Ltd Teni 4.5 MW Oct 2008 Shakti Raj
3 Chitra Bio Energy Ltd Pudukottai 7.5 MW Mar 2006 N Hariharan
4 Auro Mira Bio Energy Ltd Madurai 10 MW Apr 2009 P Raju
5 TCP Limited Sivaganga 6 MW Sep 2007 K Subramanian
6 Aurobindo Agro Energy Pvt Ltd  Sivaganga 8.5 MW Sep 2006 Karthik

Tamil Nadu o,

Channai

vellore 1. Manali Petrochemical Ltd

2. Chitra Bio Energy Ltd

® Plants Visited

* Other Biomass Power
Plants

- Low

]
—

Figure 6: Biomass power plants installed in Tamil Nadu
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Boiler:

Combustion technologies using different modes of boiler firing are well established and several
plants are running on established fuels like sugar cane bagasse, wood shavings and barks, rice
husk, which are considered relatively friendly fuels. Technology for fuels like rice husk and many
other biomass/agro-residues have now been fully developed. Commercially available
combustion technologies can broadly be categorized as

1 Pile burning
9 Stoker fired (Travelling grate and vibrating grate)
1 Suspension fired (Spreader stoker and fluidized bed)

In pile burners the biomass is fed by gravity and piles are formed in the furnace, which is mostly
outside the water wall area. The mass is burned with the help of combustion air coming from
under and above the pile. Usually such furnaces are built in multiple compartments. On
complete combustion of pile in one compartment, the same is shut and ash removed manually.
During this period, other piles are burning in the different compartments. Advantages of this
technology are the fuel flexibility and the simple design while major disadvantage is the

generally low boiler efficiency with relatively poor combustion control.

The stoker-fired boilers were originally designed for burning coal due to their suitability to
remove high ash quantity. These boilers were soon found very useful for burning biomass.
Types of grates include stationery sloping, stationery dumping, pulsating sloping, vibrating
sloping and travelling grate. When ash percentage is low stationery-dumping grate is preferred
for the simplicity in operation and maintenance. As the ash percentage increases, shift takes
place to vibrating and travelling grate in that order. Also fuel having tough ash characteristics
with low ash fusion temperature cannot be handled in any stationery design. Common to these
types is a fuel feeding system, which puts a layer of fuel on the grate which is relatively small
and more evenly distributed than in the case of pile burners. In a stationary sloping grate boiler
the grate does not move, but the fuel burns as it slides down the slope. Disadvantages of this
type of boiler are the difficult control of the combustion process and the risk of avalanching of

the fuel. In a travelling grate boiler the fuel is fed on one side of the grate and has to be burned
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when the grate has transported it to the ash-dumping site of the furnace. Combustion control is
improved here. Because of the small layer of fuel on the grate, carbon burnout efficiency is also
better in comparison with the stationary sloping grate boiler. With a vibrating grate boiler the fuel
is fed evenly on the whole grate. The grate has a kind of shaking movement, which spreads the
fuel evenly. This type of grate has less moving parts than a travelling grate and therefore has
lower maintenance requirements. Carbon burnout efficiency is further improved and in the case
of water cooled grates it is possible to increase the amount of over-fire air, which has the
advantage of less thermal NO creation. However, the biggest advantage of travelling grate is
multi-fuel capability, in particular its suitability for burning coal, which is proposed as the
emergency buffer fuel.

The suspension type boilers can be categorized into two types-spreader stoker and fluidized
bed. In spreader stoker fuel is thrown in a projectile in the furnace and most of the combustibles
burns in suspension. Small residue falls on the grate and burning gets completed. The efficiency
level is higher than stoker fired boiler due to better fuel-air mixture but is still less than

pulverized fuel boilers. Most of the modern boilers in sugar factories are of this type.

In fluidized bed systems the combustion air from below the boiler has such a high speed that
the fuel becomes a seething mass of particles and bubbles. A general feature of fluidized bed
systems is that they are flexible in the kind of fuel, which is fired, which makes them quite
suitable for cofiring different kind of fuels. Carbon burnout efficiency is very high in fluidized bed
systems. One of the disadvantages of fluidized bed systems is their high fan capacity
requirement to provide for the fluidizing air. The comparative evaluation of the combustion

technologies is shown in the Table 10.

Table 10: Comparison of different boiler types

Operation related

i Control -- + + + + +
U Response -- - + ++ ++ ++
i Maintenance ++ ++ + - - -
i History ++ ++ ++ + + -
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Fuel related

U Moisture flexibility + + + - + +
0 Ash flexibility ++ + + + + ++
i  Size flexibility - ++ + ++ ++ ++
0 Fouling resistance -- + ++ - - -
U Safety ++ ++ + + . .
Efficiency

G Carbon burning - + + ++ ++ ++
0 Excess air - + ++ ++ + +
Emission

U NO - - + - ++ ++
i Add gas - - - + + ++

absorption

During the initial stage of promotion of biomass based power plants the biomass power plant
only few plants were installed. These plants were of lower capacity of 4AMW to 6MW range with
low steam pressure and temperature ratings (42 kg/cm? pressure and 440°C temperature).
However later on all the boilers installed were of improved pressure and temperature ratings.
The specification corresponded with the MNRE guidelines of installing boilers with minimum
pressure rating of 64-67 bar pressure and 485-495°C temperature as qualification for getting
financial subsidy.

Turbine:

Steam turbines or turbo-generators of different types such as condensing, backpressure or
combinations are used in biomass based power plants. Straight condensing turbines are used in
plant used mainly for generating electricity and supplying to grid. Backpressure or combinations
(extraction condensing) turbines are used when surplus electricity after captive consumption is
supplied to grid and backpressure or extraction steam is used to provide process heat or for
feed water preheating.

Steam (Surface) Condenser:

Steam (Surface) Condenser is an essential element of any power plant. It acts as an interface

between the water steam cycle and the environment. It is a heat exchanger fed with steam from
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the low-pressure exhaust of the turbine and cooled by the water available on the site. The
performance of a turbine condenser has significant impact on the overall efficiency and power
output of a power plant. Hence it is important to optimally design a condenser that provides the

required vacuum for efficient and maximum power generation.

In most of the grid connected biomass based power plants the shell and tube type water cooled-
surface condensers along with cooling towers are used. Recent trends include the use of air-
cooled condensers to reduce consumptive use of water. This practice is particularly followed in
water scarce areas like Tamil Nadu to minimize the water consumption. However installation of
air cooled condensers air coolers require Rs 30 lacs to 40 lacs higher capital investment than
water cooled condensers.

Fuel handling system:

The vital part of a bio-mass based project is bio-mass storage and handling. Due to poor bulk
density, the volume of bio-mass to be stored and handled poses challenges. The bio-mass
power projects are normally designed to handle multi-fuel (bio mass) along with conventional
fossil fuels like coal. Bio-mass fuels are having poor bulk density that makes them difficult to
handle. The conventional belt conveying systems are widely adopted up to the boiler front. In
order to ensure that the boiler is not starving of fuel, bunkers are built before the fuel is put
inside the furnace. Fuel will be stored in a separate storage yard and conveyed to the boiler

bunkers through belt conveyors.
Ash handling system:

The lighter particles of ash flying in furnace get carried away through flue gases and get
collected in hoppers below Economizer, Air pre-heater, Duct and Electrostatic Precipitator. From
these hoppers the ash is either collected manually on tractor/lorries or dry ash conveying is
carried out. Dry Ash Conveying is carried out by either vacuum created by Hydraulic Ejectors or

Vacuum Pumps or by compressed air from transport air compressors.
Air Pollution Control Equipment:

The following items are commonly used as pollution control devices in boilers for controlling the

level of suspended particulate matter (SPM) emitted in the flue gases.
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1 Mechanical collectors (dust cyclones, multi-cyclones)

9 Electrostatic precipitators. An electrostatic precipitator (ESP), or electrostatic air cleaner
is a particulate collection device that removes particles from a flowing gas (such as air)
using the force of an induced electrostatic charge.

1 Baghouse. Designed to handle heavy dust loads, a dust collector consists of a blower,
dust filter, a filter-cleaning system, and a dust receptacle or dust removal system
(distinguished from air cleaners which utilize disposable filters to remove the dust).

1 Particulate scrubbers. Wet scrubber is a form of pollution control technology. The term
describes a variety of devices that use pollutants from a furnace flue gas or from other
gas streams. In a wet scrubber, the polluted gas stream is brought into contact with the
scrubbing liquid, by spraying it with the liquid, by forcing it through a pool of liquid, or by

some other contact method, so as to remove the pollutants.

Almost all the biomass based power plants in South India have installed ESP to control the level
of SPM in exit flue gases. ESPs are highly efficient filtration devices that minimally impede the
flow of gases through the device, and can easily remove fine particulate matter such as dust

and smoke from the air stream.

Biomass power plants are supposed to use maximum quantity of biomass as far as possible.
However, plants are allowed to use certain minimal quantities of co-firing with fossil fuel like
coal. The coal is allowed to be used in renewable biomass co-fired grid connected power plants
basically with the intention to sustain combustion (to avoid any lowering of PLF) due to poor
quality (high moisture) of biomass specially in rainy/monsoon season or unavailability of
biomass. During initial years (for biomass plants installed prior to 2006) this allowable upper
limit of fossil coal) fuel was 25%. Recently MNRE" has reduced coal usage to 15% (in kcal or as

per DPR which is less) from previous limit of 25% according to earlier guidelines issues in 2003-

! vide its letter No 3/19/2006-CPG dated 26-12-2006
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04. Accordingly Ministry of Coal? have now fixed allowed normative coal quantity upto 15% for

biomass power as well as cogeneration plants which is also mentioned in MNRE website®.

During the field visits to selected sites in different states it was observed that in Karnataka coal
(especially dolachar which is a by-product of sponge iron cluster in Raichure region available a
low cost of Rs 1200 to 1500 per ton) is being used in some plants upto permitted quantities. It
was observed that in Andhra Pradesh plants use minimal quantities of coal to cover shortage of
biomass availability or substitute relatively high price biomass (than coal) upto allowable limit.
Coal comes from Singareni Coal fields. However it was informed during field visits and
discussions with officials in Andhra Pradesh that plants are not getting allowed quota of the coal
from Singareni Coal fields and that to one
Nadu majority of the plants use biomass and use negligible coal. However it was informed that
two large plants in southern districts of Tamil Nadu have recently converted almost completely
on coal due to rising prices of biomass due to scarcity around plant site and availability of cheap
coal option.

The main biomass use in most of the power plants in Karnataka and Andhra Pradesh is rice
husk, which is supported by other wide ranging variety of locally available seasonal biomass
sources. However, in Tamil Nadu Juliflora is most widely used biomass resource for power plant
supported by other wide ranging variety of locally available seasonal biomass sources. Table 11
gives the summary of finding with regard to types and varieties of fuels (coal and biomass

types) based on information gathered from various power plants in target states.

Table 11: Summary of fuel usage

Andhra Generally V Paddy husk V Stalks (Maize, cotton, sunflower,
Pradesh below allowable V Paddy straw jowar, red gram, Bengal gram)
limit from V Cobs (Maize, Jowar)
Singareni coal V Groundnut shell
field V Coconut frond, shell
V Wood waste, pruning

2 vide their letter No 23021/144/2005-CPD dated 22nd July 2008

i nk: http://mnes.nic.in/ under ~Programmes/ Schemes
under "~ Financi al

1 1

Renewabl e Power under "Biomass Power
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Karnataka  Generally upto V Paddy husk V Coconut Shell, husk
allowable limit. VvV Coffee wastes V Stalks (Gram, Jowar, Tur, Bajra,
Recently cheap V Maize cobs Ragi)
dolacharis stalks V Sugarcane tops and leaves
being used V Cotton Stalks V Paddy straw
V Coconut Frond V Jowar husk-stalks-cobs
V Groundnut shell
V Wood waste, pruning
Tamil Negligible coal VvV Juliflora V Coconut fronds
Nadu V Tapioca stalks V Paddy straw, husk
V Stalks (Cotton, Ragi, Maize, Jowar,
Bengal gram, Red gram, sunflower
V Groundnut shell
V Cobs (Maize, Bajra, Jowar Cobs
V Wood waste, saw dust, pruning

In India though biomass is still, and likely to be in near future too, a major source of primary
energy still biomass has not become commercial commodity with well established streamlined
market mechanism. It is still collected and used in domestic sector and sold in unorganized
market in SME sector. Similarly in almost all the biomass based power plant biomass supply is
still unorganized. Though over a time linkage between biomass supplier and plant promoters
have been established informally but still there is no long term supply contract or agreement.
Normally biomass is procured through local biomass traders/suppliers who in turn procure
biomass from units producing biomass residue by-product (agro-processing units) or farmer,
individuals or in many cases farmers or individual biomass collector-supplier brings down

biomass to power plant and deliver it on cash basis.

Normally tractor/trucks are used for transportation of fuel. Loose biomass is normally procured
form the surrounding region within radius of 50-80km due to low bulk density and hence higher
transportation cost per ton. High density wood biomass is procured from 50-150km radius and
sometimes even as high as 200-300km.

Generally fuel is stored at the plant site partly in open yard and partly in closed sheds so as to

have minimal stock for plant operation even during monsoon or rainy season. On an average

UNDP / GEF BIOMASS POWER PROJECT 25



Deloitte

plant stocks fuel to the tune of 300-500 tonnes which is equivalent to roughly 30-50 days regular

operation.

Residues such as rice husk, sawdust, coffee husk are available and procured in a ready-to-use
form. Other residues such as mustard stalk, cotton stalk, groundnut shell etc. need to be
pulverized before use especially in fluidized boilers. It has been observed that plants have
adopted their own combination of residues owing to technical and economic reasons.
Sometimes a shift from one type of residue to other also happens because of economic
considerations. By and large the many plants seem to rely only on selective "mill residues” such
as rice husk, coffee waste, sawdust, groundnut shell etc., which are available in bulk quantities
at reasonable prices rather than field residues, as the logistics of harvesting field residues on
large scale has not been established so far. Woody biomass is also procured to supplement
agro-residue as required and many a times has to be procured from relatively longer distances.

Biomass (agro-residue) prices are relatively dynamic compared to fossil fuel and woody
biomass, which are relatively sluggish. The main factors that affect the price of agro residue is
cropping pattern, variation in production due effect of several factors, and opportunity cost as it
is normally available in limited span of time during the year depending on progress of harvest or
agro-processing activity. Other factor that contributes in landed price of agro-residues at the

plant is transportation cost due to their low bulk densities.

As mentioned earlier rice husk is the major crop residue in Andhra Pradesh and Karnataka
while woody biomass (juliflora, casurina, tapioca) are mainly used in Tamil Nadu along with
wide range of variety of agro-residues available locally depending on cropping pattern of the
region. The cost break of landed price of selected major biomass (rice husk, fuelwood, other

agro-residues such as stalks/cobs/shells etc) resource types are summarized here in Table 12.
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Table 12: Detailed break up of biomass cost

Andhra Pradesh

Rice husk 1500-2000 100-200 150-250 1800-2350

Stalks/shells/cobs 600-1200 150-250 200-300 100-200 1200-1800

Fuelwood 900-1350 100-150 200-250 100-150 1600-1900
Karnataka

Rice husk 1500-2000 100-200 150-300 1800-2500

Stalks/shells/cobs 900-1350 150-250 200-300 100-200 1500-2000

Fuelwood 1500-1800 100-200 230-500 100-200 2000-2500
Tamil Nadu

Rice husk 1500-2100 100-150 150-300 1800-2500

Stalks/shells/cobs 450-800 100-150 150-250 50-100 700-1400

Fuelwood 1200-1650 100-150 200-400 150-250 1800-2500

The prices of agro-residues also vary widely among the states as well as within the states
depending on the region whether the agro-residue density of the district/region is
high/low/medium. Table 13 tries to summarize wide range of prevailing prices of in different
agro-residues in different states depending on biomass production density of that region within

the state.

Table 13: Agro-residue price ranges in different agro-residue density regions

Rice Husk Corn cobs it Caume A2l P.Juliflora Coc_onut

wastes shells branches residue
High 1800-2000  1400-1600 1200-1500 1100-1200 750-800 1200-1500 1200-1400
Medium 2000-2200  1600-1800 1500-1650 1200-1400 800-900 1500-1700 1400-1500
Low 2200-2350  1800-2200 1650-1750 1400-1600 900-950 1700-2000 1500-1700
. Wood Cotton Sunflower Coconut Sugarcane

R RS chips %7 (C 1) stalks stalks frond bagasse

High 1500-2000  1500-2000 1500-2000 1500-1700  1500-1700 700-900 600-800
Medium 2000-2500  2000-2500  2000-2500 1700-2000  1700-2200 900-1100 800-1000
Low 2500-3000  2500-3000  2500-3000 2000-2500  2200-2600 1100-1500 1000-1200
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P Julifiora  Casuarina  Eucalyptus fgg%‘:}g Chill stalks Sr:gﬁ/r:t’arl‘g Rice husk
High 1800-2000  1800-2300  1500-1700  600-800  500-700 200-2500  1800-2200
Medium 2000-2300  2300-2500  1700-2000  800-1000  700-900 2500-3000  2200-2500
Low 2300-2500  2500-2800  2000-2500  1000-1200  900-1400 >3000 2500-2700

2.3 Structured database through questionnaire survey

As mentioned earlier after collecting the exhaustive list of biomass power plants a detailed
guestionnaire was developed to gather information about biomass power plants in order to
develop the required structured database as well as to gain insight on various relevant issues,
concerns based on experience with regard to biomass power plant as well as their
vision/thought for its effective promotion in future. The questionnaire was divided into following

sub sections.
1 General Information - (Location, contact address details)

9 Details of Biomass Power Plant - (Technical details of power plant, capacity, fuels used,

biomass mix, etc)

1 Plant operational details - (Operational details, biomass/fuel details such as seasonal

availability, combination, price breakup, collection, transportation, storage, processing)
1 CDM project details if any

1 Plant performance in recent years - (Outage, fuel consumption, electricity generation,

export)
1 Feedback with regard to
o Problems faced
0 Issues

0 Suggestions based on experience
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Sample format of the questionnaire is enclosed in the Annexure volume. Questionnaires were
sent to all the biomass power plant office as well as to plant managers at the site. Rigorous
follow-up was done through emails, fax, and telephone calls to concerned officials of the power
plants. In consultation with power plant promoters/managers field visits were planned.
Questionnaires were also given to personnel met during the field visits requesting them to send
detailed performance and costing related documented numerical data from their logbook to
complete the information gathered during the conversation during the visit. However, the
response was not completely satisfactory. Many plant owners showed hesitance in sharing
information complaining that similar feedback is sought from them several times from various

agencies on behalf of the ministry in recent months.

Therefore, in addition to questionnaire based survey efforts were made to gather available
information from the internet and other secondary information/data. For CDM registered projects
the documents available from the UNFCCC website such as PDD (Project Design Documents),
monitoring reports for different crediting duration were downloaded and used for supplementing
the questionnaire based data to compile performance, shut-down and fuel consumption related

information/data. The compiled information is given in enclosed annexure volume of this report.
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3 Biomass: Availability, Usage, Sustainability

3.1 Biomass Sources
Biomass can be classified into two types: woody and non-woody. Non-woody biomass

comprises agro-crop and agro-industrial processing residue. Thus, main biomass sources are
1 Wood and Sawdust
9 Agricultural residues

Due to the versatility and diversity of biomass, sufficient data and documentation in terms of its
availability and consumption/utilization pattern are not easily available. Although biomass meets
a major part of the total energy requirements, yet it does not find an appropriate place in the
overall energy balance of India, probably due to the reasons cited above.

Agricultural residues can be divided into crop residues, and agro-industrial residues. Crop
residues are plant materials left behind in the farm after removal of the main crop produce. The
remaining materials could be of different sizes, shapes, forms, and densities, like straw, stalks,
sticks, leaves, haulms, fibrous materials, roots, branches, and twigs. The agro industrial
residues are by products of the post-harvest processes of crops such as cleaning, threshing,
delinting, sieving and crushing. These could be in the form of husk, dust, straws, etc. The major
crop residues produced in India are Rice husk, bagasse, groundnut shells, coffee husk, straws,
shells of coconut, groundnut, coconut husk, stalks of cotton, arahar, maize, bajara, jowar, jute,
bengal gram, red gram, tur, ragi, sunflower, etc. The agro-industrial residues are groundnut

shells, rice husk, bagasse, cotton waste, coconut shell and husk.

The quantity of agricultural residues produced differs from crop to crop and is affected by
seasons, soil type and irrigation conditions. Production of agricultural residues is directly related
to the corresponding crop production and ratio between the main crop produce and the
residues, which varies from crop to crop and at times with the variety of the seeds in one crop
itself. Thus, for known amounts of crop production, it may be possible to estimate the amounts

of agricultural residues produced using the residue to crop ratio. It may be noted that with
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improved agricultural farming techniques, the production of crops has been increasing
consistently in the past three decades. Correspondingly, the availability of agricultural residues
has also been changing with time. Some past and future projected data for various agro-

residues at the national level are given in Table 14.

Table 14: Agricultural crop residues production in India

Rice straw 214.35 284.99 Rice husk 32.57 43.31
Wheat straw 103.48 159.98 Rice bran 10.13 13.46
Millet stalks 19.42 17.77 Maize cob 2.59 3.97
Maize stalks 18.98 29.07 Maize husks 1.90 291
Cassava stalks 0.36 0.40 Coconut shells 0.94 1.50
Cotton stalks 19.39 30.79  Coconut husks 3.27 5.22
Soybeans (straw+pods) 12.87 34.87  Groundnut husks 3.94 4.80
Jute stalks 4.58 1.21 Sugarcane bagasse 65.84 114.04
Sugarcane tops 68.12 117.97 Coffee husk 0.36 0.28
Cocoa pods 0.01 0.01
Groundnut straw 19.00 23.16
Sub total 7 (a) 480.55 700.22  Subtotal i (b) 121.53 189.48
Total (a+b) 602.08 889.70

Source: Biomass i Thermo-chemical characterization, 3rd Edition, 2002, IITD-MNRE

Prof N H Ravindranath of [ISc Bangalore, also carried out detailed assessment of sustainable
non-plantation biomass resource assessment for energy use. According to this study since 1970
the net cropped area (about 43%) has stabilized around 140 Mha out of the total geographic
area of 328 million hectare of India. However, the gross cropped area has increased from
152.8Mha in 1960 to about 168.6 Mha in 1996-97 and is likely to reach 178.2 Mha by 2010. Net
irrigated area has increased substantially from 24 Mha during 1960—-61 to 55Mha by 1996-97.

Use of some crop residues as fodder is the priority in rural areas and only ligneous residues are
likely to be available for use as an energy source. Ligneous and hardy crop residues namely,

rice (husk), maize (cobs) and stalks of red gram, cotton, mulberry, coconut fronds and shells are
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mainly used for fuel purpose. Rice and wheat straw, and coconut fronds are used to a small
extent for thatching in the rural areas. The total potential of non-fodder crop residues available
for energy is estimated to be 325Mt (4715PJ) for 1996-97 and 450Mt (6565PJ) for 2010,
respectively (See Table 15). Thus there is rise of almost 35-40% in terms of availability of
biomass and associated usable energy with it with time which can be attributed to increased
agriculture activity coupled with improvement in yield and recovery/collection of agro-residues
as well as reduction in biomass consumption due to energy efficiency as well as substitution

due to penetration of due modern fuels into rural areas.

Table 15: Cropped area and agro residue potential estimate for energy use

Gross cropped area (Mha) 168.6 178.2
Total residue production (Mt/yr) 626.5 840.6
Quantity of agro residue used as (Mt/yr)
o Fodder 300.2 389.9
o Fuel 216.1 278.7
o Others (composting, left in field, thatching etc) 109.2 172.0
Amount of non-fodder crop residue potentially available for 325.3 Mt 450.7 Mt
energy use per year 4715 PJ 6565 PJ

Indian Institute of Science, with the project support form MNRE, has also carried out an
extensive work on developing biomass atlas of India. Based on several ground level biomass
assessment and consumption studies taluka-wise biomass production, surplus biomass
availability and based on it power generation potential is estimated. The biomass atlas of India

can be assessed with the web link: http://lab.cgpl.iisc.ernet.in/Atlas/

On similar lines the biomass production, residue production and power potential estimates were
updated taking into account recent district-wise production figures of various biomass produce
and tabulated along with biomass atlas data from website in Table 16. It can be seen that agro-
residue production is increased slightly in Andhra Pradesh (may be due to change in crop
pattern and yield) and there is slight reduction in agro-residue production in the states of

Karnataka and Tamil Nadu.
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Table 16: Summary of biomass residue production and power potential

Andhra Pradesh 21569.8 3947.7 481.3
Karnataka 26949.3 7814.2 1041.3
Tamil Nadu 17459.2 7400.8 967.2
Andhra Pradesh 23357.8 5618.2 650.3
Karnataka 37498.1 7149.9 928.9
Tamil Nadu 31435.5 6922.9 791.3

However it has to be noted that in both the cases biomass being consumed by recent major
industries and biomass power plant is not taken into account. Following sections discusses the

biomass availability details in different states covered under the study.

With updated agriculture production data the total surplus biomass availability in the state for
biomass production works out to 5.31 Mt with power production potential of 650 MW. Table 17
gives the availability of major agro-residue in Andhra Pradesh along with power potential while,
district wise surplus biomass availability and power potential is summarized in Table 18.
Detailed district-wise and crop-wise information for all the three states is given in tabular form in

Annexure volume.

Rice husk, maize stalks and maize cobs are major agro-residue which accounts for almost 2/3rd
of availability and power potential in the state. Other biomass agro-residues which can be used
include groundnut shell, cotton stalks, coconut frond, bengal gram stalks, sunflower stalks,
jowar stalks-cobs, ragi stalks. The average agro-residue density and power potential of the state
is about 0.193 ton/ha and 0.24 MW/sq.km. It should be noted that though biomass atlas shows
there can be still more technical potential for power generation in almost in all districts but the
ground reality is that in cluster around Vijaywada there is severe shortage of biomass due to
other competing and economically attractive usage of biomass which can afford to pay higher
price (as discussed later) such as distilleries, agro-processing industries and process industries

which are coming due to rapid industrialization in the region. It can be observed that out of
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major districts with higher density (0.23 to 0.53 ton/ha) surplus biomass availability (highlighted
in green colour) there is large concentration of power plants in Krishna, Guntur districts but still
there is no plant installed in Karimnagar and Warangal district. Whereas Prakasham district with
low agro-residue density of 0.082 ton/ha has highest installed capacity of 34.5MW in the state
which might be drawing biomass from adjoining districts of Guntur which already has many

plants installed.

Table 17: Agro-residue availability and power potential in Andhra Pradesh

Surplus biomass Power Potential
('000 tonnes) (MW)

Agro -residue type

Groundnut shell 546.8 65.6
Cotton stalks 430.9 56.0
Frond 250.7 32.6

Total Andhra Pradesh 5311.3 650.3
Biomass density (ton/ha) 0.193
Power density (MW/'000 ha) 0.024

Table 18: District wise agro-residue availability and power potential in Andhra Pradesh

Surplus Residue Power Power density
District biomass density potential e —
('000 tonn es) (ton/ha) (MW) ( )
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Srikakulam 174.31 0.298 20.6 0.035
Nizamabad 225.76 0.284 28.5 0.036
Medak 248.09 0.256 32.2 0.033
Warangal 297.75 0.232 37.4 0.029
Ananthapur 356.09 0.193 11.3 0.017
Vizianagaram 303.47 0.172 17.0 0.013
Nellore 309.42 0.162 37.6 0.020
Mahbubnagar 213.01 0.150 24.5 0.017
Kurnool 95.92 0.147 454 0.025
Khammam 209.64 0.131 25.8 0.016
Nalgonda 152.23 0.116 37.9 0.021
Rangareddy 83.92 0.112 10.9 0.015
Cuddapah 160.93 0.100 15.6 0.009
Prakasham 125.22 0.082 15.0 0.010
Adilabad 131.58 0.075 20.7 0.013
Chittoor 101.72 0.067 12.1 0.008
Visakhapatnam 60.82 0.054 7.3 0.007
Hyderabad - - - -

Total 5311.33 0.193 650.3 0.024

In Karnataka the total surplus biomass availability in the state and power production potential
works out to 7.15 Mt and 929 MW with updating of biomass atlas data with recent agriculture
production figures. Table 19 gives the availability of major agro-residue in Karnataka along with
power potential while, district wise surplus biomass availability and power potential is

summarized in Table 20. Detailed information is given in tabular form in Annexure volume.

As can be seen from Table 19 relatively large numbers of scattered biomass residues are used
in Karnataka. Apart from rice and coffee wide ranging crop stalks, shells and cobs are used
available here. Major crop residues are maize cobs, coconut frond residue, cotton stalk, coffee

pruning-waste apart from rice husk. The average agro-residue density and power potential of
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the state is about 0.373 ton/ha and 0.48 MW/sq.km which is almost double that of Andhra
Pradesh. It should be noticed that here most of the crops are stalk based so despite relatively
less irrigation and yield residue production is high. Here to though biomass atlas shows there
can be more technical potential for power generation in almost in all the districts most of the
biomass is consumed in large number of small and micro industries such as silk, puffed rice,
food processing etc. Therefore specially in Gangavati cluster which constitutes almost 80% of
installed capacity of biomass power plants in the state recently acute shortage of biomass is
being faced and low cost dolachar (by product of sponge iron practice) is being used upto the
maximum possible limit to manage cost of electricity generation. Also due to several industries
consuming huge quantities of biomass (such as distilleries using boilers) have come up after
installation of plants the biomass prices are soaring high as these industries can procure
biomass at higher price due to opportunity cost of biomass is still lower compared to fossil fuels
like diesel, furnace oil etc and share of fuel cost in the entire process is much lower.

It can be observed that presently biomass power plants are clusters in small cluster in
Gangavati rice bowl belt (in Bellary, Koppal and Raichur district). Out of these only Bellary has
high residue density while Raichur and Koppal falls under low residue density as per biomass
atlas data. It can be observed that though residue production might not be dense in the cluster
but since large number of rice mills are located in Raichure, Gangavati belt it makes
concentrated residue availability which might have prompted installation of large number of
biomass power plant in that otherwise power starved region. However still there can be potential
of several small scale biomass power plants throughout the state if planned properly in a
distributed manner, especially in high residue density untapped districts like Haveri, Davangere,

Belgaum.

Table 19: Agro-residue availability and power potential in Karnataka

Maize stalks 2113.223 272.6
Coconut Frond Residue 791.770 102.1
Cotton Stalks 571.493 79.4
Maize cobs 554.721 7.7
Cdffee Pruning & wastes 437.463 48.9
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Agro residue Surplus biomass (‘000 Power Potential
tonnes) (MW)
Coconut Husk 321.378 38.6
Gram Stalks 273.414 34.1
Sugarcane tops and leaves 262.646 33.0
Paddy straw 235.419 32.8
Jowar cobs 225.909 31.6
Groundnut stalks 196.296 25.3
Jowar stalks 192.023 24.8
Coconut Shell 96.413 13.5
Jowarhusk 90.364 10.8

Total Karnataka 7149.969 928.9
Biomass density (ton/ha) 0.373
Power density (MW/'000 ha) 0.048

Table 20: District wise agro-residue availability and power potential in Karnataka

Surplus Residue Power
District biomass density potential

(‘000 tonnes) (ton/ha) (MW)

Power density
(MW/'000 ha)
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Power density
(MW/'000 ha)

Surplus Residue Power
District biomass density potential

(‘000 tonnes) (ton/ha) (MW)

Chitrdurga 317.9 0.377 411 0.049
Shimoga 292.3 0.345 37.4 0.044
Raichur 211.6 0.310 16.9 0.041
Kodagu 125.5 0.306 26.4 0.039
Chamarajnagar 139.6 0.274 37.3 0.036
Bijapur 284.4 0.271 18.1 0.035
Mandya 127.4 0.257 15.9 0.032
Gulbarga 382.2 0.236 49.4 0.030

Total 7150.0 0.373 928.9 0.048

3.1.4 Tamil Nadu

Total surplus biomass availability in the state works out to 6.92 Mt with power production
potential of 791MW. Table 21 gives the availability of major agro-residue in Tamil Nadu along
with power potential while, district wise surplus biomass availability and power potential is
summarized in Table 22. Detailed information is given in tabular form in Annexure volume.
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Unlike other two states in Tamil Nadu woody biomass such as Prosopis Juliflora and tapioca
stalks are major potential (almost about 60%) candidate for biomass power supplemented with
coconut frond residue and rice husk which contributes almost 30% of total availability and
balance comes from large varieties agro-residues viz. stalks, cobs, shells. Though biomass
atlas data shows biomass availability throughout the state presently majority of the plants are
located in southern district which has low agro-residue potential but are operating mainly on
julifiora from waste land supplemented with coconut front and other minor agro-residues. The
northern districts of the state have large number of small and micro enterprise in unorganized
sector and consuming substantial quantities of biomass residue due to their less opportunity
cost compared to other competing high priced fossil fuels like furnace oil and diesel. The reason
for higher biomass use as fuel can be due to large distance from coal-field resulting in higher
dependence on other fossil fuel compared and use of traditional poor quality biomass fuel
makes economic sense compared to high priced fossil fuels as explained later.

Table 21: Agro-residue availability and power potential in Tamil Nadu

P. Juliflora 2208.44 239.3
Tapiocastalks 1993.903 220.8
Frond Residue 741.030 96.3
Paddy straw 714.275 85.7
Paddy husk 666.656 73.3
Cotton stalks 145.957 19.0
Ragi Straw 117.609 14.1
Maize stalks 87.790 11.4
Groundnut shell 91.175 10.9
Jowar stalks 41.740 5.4
Maizecobs 39.506 5.1
Bajra Cobs 20.930 2.7
BG stalks 19.826 2.6
Jowar cobs 12.276 1.7
Cotton ball shells/husk 10.458 1.4
RG stalks 7.614 1.0
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Surplus biomass Power
('000t onnes) Potential (MW)

Agro residue

Total Tam il Nadu 6922.9 791.3
Biomass density (ton/ha) 0.459
Power density (MW/'000 ha) 0.053

Table 22: District wise agro-residue availability and power potential in Tamil Nadu

Surplus Residue Power
District biomass density potential

(‘000 tonnes) (ton /ha) (MW)

Power density
(MW/'000 ha)

Ramanathapuram 174.5 0.422 10.4 0.049
Thiruvarur 88.0 0.420 18.9 0.046
Tiruchirapalli 434.3 0.392 33.2 0.045
Coimbatore 257.0 0.346 47.9 0.043
Perambalur/Ariyalur 148.2 0.319 18.0 0.039
Vellore 122.1 0.283 15.1 0.035
Kancheepuram 113.7 0.257 13.3 0.030
Theni 66.4 0.230 8.4 0.029
Dindigul 123.7 0.208 15.8 0.026
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Tirunelveli 131.8 0.168 15.9 0.020
Sivagangai 55.5 0.137 6.6 0.016
Thiruvallur 85.4 0.109 6.3 0.014
Thoothukudi 50.2 0.109 9.9 0.013
The Nilgiris 3.3 0.013 0.4 0.002
Chennai 0.0 0.000 0.0 0.000
Total Tamil Nadu 6922.9 0.459 791.3 0.053

3.2 Competing uses of biomass

Discussion in the previous sections indicate that there is huge potential of biomass energy for
use as fuel (non-fodder) and associated biomass power potential. Despite this the feedback
from power plants is that they are experiencing increasing scarcity with time. Though major
reason can be several number of plants in small clusters competing each other but other major
reason especially in recent years is rising prices of biomass due to competing uses of biomass
coming up in the region which are offering (or rather can afford higher price due to still
comparative lower than opportunity cost of biomass fuel). In order to gain insight on this key
issue effort is made here to carry out simple analysis to understand competing uses of biomass

against use of high prices fossil fuel.

Biomass is and would continue to be major source of energy in rural areas both for domestic as
well as small scale process industries to meet thermal energy demand due to its local
availability and low price coupled to slower penetration of modern fuels. However, recently
many small and micro enterprises are shifting from fossil fuel to biomass to reduce fuel
component of their cost (which sometimes in very high fraction of cost of produce too) just due
to pure economic reasons. Here an attempt is made to estimate the fuel cost in terms of useful
energy (taking into account system operating efficiency). Here open fire (like boiling, frying
type) applications are not considered which are more at cottage industry level which individually

consume lower quantities and where operating efficiencies are quite low and so significant
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variations can be observed in fuel cost reductions due to energy efficiency improvement apart
from low cost fuel substitution. Here comparison is made in relatively matured processes like
furnaces and boilers which operate with fairly higher comparable efficiencies but normally
consume huge quantities of fuel. Finding of the analysis along with assumptions are
summarized in Table 23. It can be observed that observed that the useful energy cost with
biomass fuel is substantially lower compare to modern liquid or gaseous fuels and fuel
substitution can help reduce to bring down fuel cost to almost 1/4th to 1/5th of present level with
fossil fuel which are prompting them to switch over to bioenergy despite their perceived dirty
inefficient image in past. Also large fuel consuming process industry consuming fossil fuels are
doing this to gain additional revenue of carbon credits from such carbon neutral biomass fuel
substitution and manage costs in other wise competitive market challenging existence of

unorganized small scale industries.

Table 23: Comparison of useful energy cost of fuel

Diesel 35 44308 0.9 878 80-83
LPG 25 43890 0.9 633 72-76
Furnace Oil 22 43472 0.9 562 68-73
Coal 35 15884 0.8 275 36-46
Fuelwood 2 15048 0.75 177 NA
Agro-residue 15 13376 0.75 150 NA

Biomass, both woody as well as agricultural, has acquired considerable importance as a biofuel
for a variety of energy end uses, such as domestic cooking, industrial process heating, electrical
power generation etc., and is used directly as well as in briquetted form. In order to formulate
and implement long-term strategies for efficient and economic utilization of biomass as the
energy source for energy conversion and utilization, it is important to estimate its monetary
value for the end user. Two approaches can be used for determining the monetary value of

biomass:
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1 Supply side approach or production cost method
1 Demand side approach or an opportunity cost estimation

In the supply side approach, the contribution of the costs of production, harvesting, collection,
transportation and storage is taken into account to arrive at a reasonable estimate of the
minimum monetary value of agro-residue. This method does not take into account the quality of
the agro-residue such as its energy content (calorific value) and the effect on efficiency for its

utilization, during energy conversion to meet the energy requirements.

Whereas in the demand side approach, the maximum affordable cost (monetary value of
opportunity cost) of agro-residue as biofuel for given energy application is calculated based on
the amount and the cost of fuel(s) that is likely to be substituted by biofuels. This MAC,,
(maximum affordable cost) of the agro-residue is essentially the monetary value of an

equivalent amount of fossil fuel that can be replaced by the use of agro-residue as biofuel as
1 A measure of equivalent monetary worth of agro-residues,

1 A basis for the comparison of the prices of two or more agricultural residue for a given

application, and

1 An upper limit to the price of agro-residues beyond which the use of fossil fuel may be a

better economical/financial option.

Normally, the calorific value of agro-residues and the efficiency of their utilization for particular
energy applications differ from that of alternate fossil fuel currently in use. MACar can be
determined by taking into consideration the differences in calorific values and efficiencies of

their utilization by using the following equation:

where,
CVgq = calorific value of agro-residue

CVg = calorific value of fossil fuel
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Na = thermal efficiency of utilization for same end use for agro-residue
Ny = thermal efficiency of utilization for the same end use of fossil fuel
Cx = unit price of fossil fuel at end use location

The expression in the square bracket represents the equivalent specific mass of fossil fuel that
is being replaced by agro-residue. Table 24 gives details of estimation of maximum affordable

cost of biomass to substitute different fossil fuels for competing usage.

Table 24: Opportunity cost of biomass for substituting fossil fuels

Fuelwood (CV 3600 kcal/kg) 9.91 6.35 3.11
(72%) (71%) (11%)
Rice Husk (CV 3200 kcal/kg) 8.81 5.64 2.76
(%75) (%74) (21%)
Agro residue (stalks/cobs/shells
(c?v 100 kcal(/kg) ) 9.36 5.99 2.94
(%73) (%73) (%16)
Assumptions:
Price Fossil fuel (Rs/kg) 35 22 35
CV Fossil fuel (kcal/kg) 10600 10400 3800

U Operating efficiencies (biomass-75%, coal-80%, liquid fuels -85%)
U No in bracket indicate reduction in fuel cost due to substitution by
biomass

Thus it can be observed that the present market prices of most fuelwood/agro-residues are
much lower (even at prices as high as Rs 2500/ton) than their maximum opportunity cost
(MAC,,) as biofuel, indicating that competing uses can afford to pay higher prices, upto MAC, to
reduce fuel costs significantly. Though MAC, does not consider the cost of biomass pre-

processing required in some cases, in reality it should be taken into account.

3.3 Impacts of biomass power plants
The following local benefits/impact happening in the region due to implementation of biomass

based industrial activity like power plant in the region.

9 Proper utilization of surplus biomass and avoidance of burning or dumping
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Generation of additional income for rural farmers due to creation of commercial value for

the neglected surplus biomass

Generation of eco-friendly green power and contribution to the availability of quality

power in rural areas (due to the majority projects located in rural area)

Creation of indirect employment for rural unemployed youth due to new supply chain

management of biomass.

Creation of direct employment for both skilled and unskilled person during the operation
of the plant

Contribution to the sustainable development through generation of renewable energy for
a grid system that is predominantly conventional fossil fuel based. By utilizing renewable

energy sources the project reduces demand /use of fossil fuels for power generation.
Helping to abridge the gap of electricity demand and supply at local level

Power plant mobilizes several million rupees investment for setting up the project, quite

significant amount in a rural area which is deprived of any development projects.

Power plants act as a nucleus for other economic activities such as setting up of cottage
industries, hotels, shops etc. around the area, contributing to the economic development

around the project area.

Major environmental benefits due to promotion of biomass power plants can be summarized as

follows:

T

T

Apart from avoidance of GHG CO, emission due to carbon neutral nature (to the tune of
300tonnes of carbon per GWh) biomass power plant also has much lower emissions of
S0O2, NOx and particulate emissions compared to coal based power plant (See

Figure 7).

The biomass power plant project reduces the open-air burning of unutilized biomass
resources in fields which otherwise result in high particulate emissions as well as

contamination of ground water.
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1 The biomass power project reduces the release of methane through decomposition of
biomass residues.

Emvissions | tond (2% )

[l Coal Power
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Figure 7: Ancillary benefits of biomass power plants
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4 BiomassPoweri Promotional Policies andT ariffs

This section gives brief account of various policies, incentives that are being offered for the

promotion of biomass power generation in India as well as specifically in the southern states of

Andhra Pradesh, Karnataka and Tamil Nadu covered under this study. It also compiles the tariff

orders for biomass power plants and compares it across the three states.

4.1 MNRE Policies, Financial and Fiscal Incentives

The Ministry of New and Renewable Energy has implementing a wide range of programmes for

the development and deployment of biomass based power generation. To encourage

investment in the sector, fiscal and financial incentives have been provided that include capital/

interest subsidy, accelerated depreciation, concessional duties and relief from taxes, apart from

preferential tariff for grid power being given in most potential States. The details of financial and

fiscal incentives provided by the MNRE are detailed in the tables below.

Table 25: Central financial assistance for biomass power projects

Biomass
Power

Biomass
Power using
Advanced
Technologies

. Minimum 62 bar steam pressure

. Maximum of upto 15% use of fossil
fuel of total energy consumption in
kCal or as per DPR, whichever is less.

. For only new boilers and turbines
. (capacity limited to in accordance with

the estimated potential in a state)

* NE Region, Sikkim, J&K, HP & Uttaranchal

Special Category State$

Rs 25lakh x (Capacity in MW) ~
0.646

Other States

Rs 20 lakh x (Capacity in MW) ~
0.646

Special Category State$

Rs 1.2 crore x (Capacity in MW)
A 0.646

Other States

Rs 1.0 crore x (Capacity in MW)
" 0.646
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Table 26: Fiscal Incentives for Biomass Power Generation

Accelerated 80% depreciation in the first year can be claimed for the following
Depreciation equipment required for co-generation systems:

a. Back pressure, passout, controlled extraction, extractionicum-
condensing turbine for co-generation with pressure boilers

b. Vapour absorption refrigeration systems
c. Organic Rankine cycle power systems
d. Low inlet pressures small steam turbines

Income Tax  Ten years tax holidays

Holiday

Customs Concessional customs and excise duty exemption for machinery and
Duty components for initial setting up of projects.

General Exemption is available in certain States

Sales Tax

Apart from the above mentioned financial and fiscal incentives the MNRE also extends financial

assistance to biomass based projects thorough their extended arm, Indian Renewable Energy

Development Agency (IREDA). IREDA provides assistance to renewable energy projects

through project financing at subsidized interest rates upto 70% of total project cost (minimal

25% promoters contribution) for maximum 10 years repayment period for biomass power

generation upto 10MW for different Grades as follows:

)l
)l

Fol

Grade | —11.50%
Grade I - 11.75%
Grade lll —11.90%
Grade IV —-12.15%
| owing general conditions are applied for

Minimum applicable boiler pressure will be 63 kg/cm?

Not more than one independent biomass power project excluding captive biomass

based co-generation in one district
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1 Projects set up for captive consumption without grid inter-connectivity are encouraged
Projects based on captive biomass/ energy plantation are encouraged.

Use of high energy efficient equipment in Biomass Power Plants is encouraged.

= = =4

Biomass direct combustion power projects exceeding 7.5 MW capacity upto a maximum
of 10 MW, will be considered on case to case basis subject to careful examination,
particularly with reference to Biomass availability, presence of other Biomass power/
Biomass cogeneration projects in that area, linkage for off-season fuel, water availability
etc. and the loan from IREDA shall not exceed loan for 7.5 MW of the project. The

details are provided as under

According to guidelines issued by MNRE for 2003-04, 25% usage of coal for biomass power
projects was allowed. However, the new administrative approval conveyed by MNRE for
proponents wishing to seek capital subsidy for biomass power projects mentions that the use of
coal shall be limited up to 15% of the total energy consumption in kCals or as per DPR,
whichever is less. This order is applicable in respect of all biomass projects commissioned after
26-December-2006.

4.2 State Policies
In addition to the assistance provided by the Central Government, the State Governments also
outline policies and incentives to promote Biomass based electricity generation projects. The

details of these policies for the three States are provided in sections below:

The State Designated Nodal Agency for promotion of Non-conventional/Renewable Energy in
the state of Andhra Pradesh is Non conventional Energy Development Corporation of Andhra
Pradesh Limited (NEDCAP). Under its mandate NEDCAP sanctioned 67 Nos. of Biomass
based power projects of 404 MW cumulative capacity during the years 1998 & 1999. Later as
per the directions of the MNRE, no new biomass based power generation projects were
sanctioned in the state. Some of the developers failed to implement the projects as per the

terms of Agreements and did not show any progress towards implementation of the projects. As
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such these projects were cancelled. As on date there are 42 biomass based power projects

commissioned in the state. The details of these projects are provided in previous sections.

Under the Government of India (GOI) formulated policy framework in 1993-94 for promotion of
generating capacity from non-conventional energy (NCE) sources with the objective of
conserving fossil fuels and to reduce environmental pollution arising out of the emissions
following the combustion of fossil fuels, the tariff payable for power from the NCE sources was
determined to take effect from 01-04-1994 with escalation year-on-year. The Government of
Andhra Pradesh (GoAP) in November 1997 announced uniform incentives to all projects based
on renewable energy viz., Wind, Biomass, Bagasse co-generation, Municipal / Industrial waste
and Mini Hydel for purchase of power by the erstwhile Andhra Pradesh State Electricity Board
(APSEB). The details of this incentive are provided in the table below.

Table 27: Preferred tariff for biomass power generation in Andhra Pradesh

Power Purchase Price Rs. 2.25/- per unit

Escalation 5% per annum with 1997 -98 as base year and to be revised
on 1% April of every year up to the year 2000

Wheeling Charges 2%

Third Party Sales Allowed at a Tariff not lower than HT Tariff of APSEB

Banking

a. Captive Consumption Allowed throughout the year on 2% banking charges

b. Third Party Sales Allowed on 2% banking charges from August to March

Later in December 1998, the GoAP issued following amendments to the order:

1 The uniform incentives specified in the order shall be available only to the power projects
where fuel used is from non-conventional energy sources which are in the nature of

renewable sources of energy.

1 The order will be reviewed at the end of 3 year period for further continuance of the
incentives in the present form or in a suitably modified manner to achieve the objectives

of promotion of power generation through non-conventional sources.
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1 Entrepreneurs / Developers who make the third party sale of energy shall be deemed to

be licencees for the purpose under section 3 of the Indian Electricity Act.

The Andhra Pradesh Electricity Reform Act came into force in February 1999, pursuant to which
Andhra Pradesh Electricity Regulatory Commission (APERC) was constituted. The Commission
reviewed the order after a period of 3 years and modified the terms of power sale effective
August 2001.

Table 28: Modified APERC tariff order August 2001

Power Purchase Price Rs 2.25/- per unit

Escalation 5% per annum with 199 4-95 as base year

Wheeling Charges 2%

Third Party Sales Not permitted. Power from non-conventional energy sources
shall be supplied to APTRANSCO/DISCOMSs of A.P. only

Banking

a. Captive Consumption Allowed throughout the year on 2% banking charges

b. Third Party Sales Allowed on 2% banking charges from August to March

Payment APTRANSCO shall arrange payment forthe supply of power

purchased from developers of non-conventional energy by
opening a Letter of Credit in favour of the suppliers of power

This order was challenged some of the biomass based power developers by filing appeals / writ
petitions in the Hon” bl e Hi gh Cour t anthe directohsrcantaifed @ the Srder
for the sale of electricity from such non-conventional energy sources to APTRANSCO only and
prohibiting the third party sales. The Hon’' bl e High Court had
enf orcement of t hderin@e above gestionon’ s or

Later the commission reviewed and revised the power purchase tariff on 20-March-2004 to take
effect from 01-April-2004 vide tariff order RP NO. 84/2003 in OP No. 1075/2000. The
Commission decided to fix the tariff on cost-plus approach so that each element of fixed and
variable cost is properly addressed and considered that beyond the threshold level of
generation, the developers should get only variable cost (if any) and incentives and not the fixed

charges. The Commission also determined the tariff for all the projects of one category based
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on the year of commissioning of each project with a control period of 5 years. The tariff

determined for biomass based project under this order is provided in the table below.

Table 29: Two part tariff for biomass power in Andhra Pradesh

Year of operation Fixed Cost Financial Year Variable Cost
(n" year) Rs / Unit Rs / Unit
15 1.61 2004-2005 1.27
nd
2 1.57 2005-2006 1.33
3 1.53
40 1.49 2006-2007 1.40
5" 1.45 2007-2008 1.47
6" 1.41
i L a7 2008-2009 1.54
g 1.33
gt 1.26
10" 0.87

Where Plant Load Factor during a settlement period exceeds 80% at generator terminals i.e.
including captive and auxiliary consumption (at which level the fixed cost is expected to be
recovered), only variable cost indicated above and incentive of 21.5 paise/unit shall be paid
for every unit delivered in excess of the above PLF

As per the tariff order the purchase of power from new Biomass power projects is not permitted
other than those already sanctioned.

The developers of the NCEs challenged these rates as low compared to the prevailing tariff of
Rs 3.48 per unit as on 31-March-2004. The High Court directed the utility to pay reduced rates
plus 50 per cent of the difference between the old and revised rates.

On 27-September-2005 Commission specified the Renewable Power Purchase Obligation
(RPPO) at not less than 5% during each of the years 2005-06 to 2007-08. One-half of one
percentage point out of the RPPO specified above shall always be kept reserved by the

distribution licensees for procurement of Wind-based energy.

Under the latest order dated 31-March-2009, the Commission has fixed up the RPPO for the

distribution licensees and revised tariffs for power purchase from renewable energy sources.
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Table 30: Biomass power purchase tariff 2009 in Andhra Pradesh

Same as previous Financial Year Variable Cost
Year of operation Fixed Cost Rs / Unit

(n" year) Rs / Unit 2009-2010 254
1° 1.61

.y 2010-2011 2.67
2 1.57

31 153 2011-2012 2.80

4" 149 2012-2013 2.94
5 1.45

&h 141 2013-2014 3.09
7" 1.37
8" 1.33
o 1.26
10" 0.87

Every Distribution Licensee shall be required to purchase Electricity, not less than 5 % of his
consumption of energy, from RP sources as RPPO (Renewable PowePurchase Obligation)
during each of the years 2009-10 to 2013-14

To facilitate the development of renewable energy sources in the state, Government of
Karnataka established Karnataka Renewable Energy Development Limited (KREDL) on 8-
March-1996. The mandate of KREDL is to undertake development of renewable energy through
private/public sector and community participation under the umbrella of the Ministry of New &
Renewable Energy (MNRE), Government of India. KREDL has formulated a draft Renewable
Energy Policy to encourage, support, guide and regulate the renewable energy sources. Under
this policy KREDL aims to install a total of 5450 MW capacity of renewable energy generation
projects by 2012 and 11700 MW by 2018. KREDL will be responsible for laying down the
procedure for inviting of proposals from Independent Power Prord ucer s (I PP’ s) ,
of project proposals, project approvals, project implementation, operation & monitoring. Single
Window Clearance will be provided to all renewable energy projects from Government Agencies
through an Empowered Committee. Similarly single window Agency will be established for

signing of Power Purchase Agreements with the private developers and settling of their bills.
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The renewable energy projects under this policy can get following incentives from the

central/state Government:

T

GOl Incentives: The various concession and incentives allowed by MNRE/GOI regarding
DSI/DPR, GBI etc will ipso-facto continue to be passed on by the State Government to
the project developer through KREDL.

Royalty for the RE projects: From the date of agreement for the RE projects sanctioned,
Royalty will be exempted up to 18 years, and from 19th year, Royalty to the Government
on Renewable Energy, shall be collected @ 15 % of the energy generated.

Exemption from Electricity duty: The Power Generation from RE projects will be

exempted from levy of Electricity Duty in case of the power fed to the grid.

Manufacturing and sale of RE devices: To promote manufacturing and sale of RE
devices/ systems, and equipments/ machinery required for NRSE Power Projects, Value
Added Tax (VAT) shall be levied @ 4%.

Octroi Exemption: Octroi on energy generation and RE devices/ equipment/ machinery

for RE Power Projects shall be exempted.

Recognizing the importance of renewable energy for its benefits in the field of energy,

environment and social development, KREDL under its draft policy proposes to create a

separate corpus fund. “Green Energy Cess” of fiv
electricity to commercial and industrial consumers. T h e proceeds fen ceEmergyt h e “ G
Cess” will be set aside, to KREDL for supporting

In order to promote biomass based power generation projects the state has already started

giving preferential tariff. It initially adopted the MNRE guideline of purchase of electricity offered

at a minimum rate of Rs.2.25 per unit as on 1994-95 with escalation of 5% every year with no

restriction on time or quantum of electricity supplied for sale over a period of 10 years from the

date of signing the PPA. From the end of thelOth year and for the remaining duration of the

PPA, the new purchase price shall be equal to the purchase price at the end of the 10th year or

the HT tariff prevalent in the State at that time, whichever is higher. Wheeling and banking of

renewable energy based electricity was permitted at a rate of 2%.
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In pursuance of section 86(1)(e) read with section 181of the Electricity Act 2003, the Karnataka
Electricity Regulatory Commission (KERC) issued KERC (Power Procurement from Renewable
Sources by Distribution Licensee) Regulations 2004 vide Notification No0.S/03/1 dated

27.09.2004. The salient features of these regulations were:

9 Each Distribution Licensee shall purchase a minimum quantum of 5% and a maximum
guantum of 10% of electricity from renewable sources expressed as percentage of its
total consumption during a year

1 Any person generating electricity from renewable sources of energy shall have
mandatory open access to any Licensee’
system or grid as the case may be

1 The Commission shall determine the tariff for purchase of electricity from renewable

sources by a Buyer

The commission later determined the tariff for electricity generation from renewable sources
through its order on 18-January-2005. Under this order the commission decided to continue the
single part tariff for all renewable sources of energy. The Commission determined the tariff for
biomass projects at Rs.2.85 per unit in the first year of commercial operation of the plant and for
the subsequent period of 9 years, an annual escalation of 2% per annum on the base tariff
(without compounding) shall be applicable. The tariff determined under this order was applicable
to all the Power Purchase Agreements filed before the Commission on and after 10.6.2004.
According to Section 5.8 of the KERC (Power Procurement from Renewable Sources by
Distribution Licensee) Regulations 2004, the Tariff determined by the Commission in this order
will be further reviewed after 5 years which shall be applicable to agreements to be entered into
after that date.

Government of Karnataka vide GO No EN 216 NCE 2006 dated 2.3.2007 accorded approval
for the upper limit of the share of renewable energy in the total quantum of energy purchased by
each ESCOMs enhanced to 20 %. KERC in its natification No S/03/1 dated 23rd January 2008
issued amendment to KERC (power procurement from renewable energy sources by
distribution licensee) Regulations 2004 fixing the minimum renewable energy to be procured by

each distribution licensee between 7 to 10%.
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The Tamil Nadu Energy Development Agency (TEDA) is a Nodal Agency of the Ministry of New
and Renewable Energy (MNRE), Government of India for the promotion of Renewable Energy

schemes in the State. TEDA has set the following as its main objectives.
9 Identification and potential estimation of renewable energy in the State
1 Create awareness on the potential and prospects for use of renewable energy
1 Enhance renewable energy contribution in the overall energy mix in the State Grid

Taking the guidelines issued by MNRE, the purchase rate for power generation from was
originally fixed at Rs 2.25 per unit from 1-December-1995 with 5 % annual increase for five
years. After the five year period, the rate has been pegged at Rs 2.70 per unit without any
escalation. For bio-mass and co-generation, the wheeling charges are 10% plus 2 % as tie-line
transmission charges. Banking for Biomass and co-generation is three months at a charge of

5% of energy banked.

The growth of the NCES based generation in the State underwent changes from time to time
depending on the prevailing power and tariff scenario in the State. However, the enactment of
EA 2003 brought out rational thinking on NCES policies. The Act stipulates promotional
measures for generation from NCES. Since Tamil Nadu is endowed with high potential for
NCES development, the Commission decided to come out with benign policies / procedures to
develop this environment friendly energy sources which will help the State for sustained
development of its energy need. The Tamil Nadu Electricity Regulatory Commission (TNERC)
passed a tariff order for electricity generation from renewable sources on 15-May-2006. The
Commission announced a single part flat tariff Rs. 3.15 per unit for biomass based projects. The
Commission fixed 10% as the minimum percentage of power each distribution licensee shall
purchase from NCES sources out of his total consumption in his area of supply in Tamil Nadu.
The suggestion for third party sale is accepted by the Commission. But the rate of purchase of
NCES power by the third party consumer is not within the purview of the Commission. Third
party sale through the grid wild be as specified
and order on Transmission and other charges. For the biomass and bagasse based cogen

generators, banking provisions is not applicable, however electricity can be transmitted and
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wheeled at charges of 3% for within 25 km and 6% for beyond 25 km usage. The Commission
decided to adopt a control period of 3 years. When the Commission revisits the tariff and allied
issues after the control period, the revisions will be applicable only to the generators of

renewable energy sources commissioned after such revised order.

Recently in the month of April-2009, TNERC passed a tariff order to determine the tariff and
open access charges and to regulate the allied issues on matters relating to Biomass based
power generation applicable from 19-September-2008. This Tariff order is the second on
Biomass based power generation. This is a culmination of a consultative process spread over
eleven months beginning in July 2008. Tamil Nadu being a pioneer in renewable energy
generation, the Commission has analysed the connected issues in great depth before finalising
this comprehensive tariff order.

The Commission approved to use cost plus two part generalized tariff system to accommodate
the variation in the fuel cost. The tariff for the projects commissioned on or after 19-September-
2008 is computed as fixed cost per unit for 20 years and variable cost per unit for three years
from the date of this order for the projects commissioned. Components of tariff prescribed in
Order No.3 dated 15-5-2006 have been classified into two categories — variable and fixed. The
fixed components have been retained. The variable components have been adopted for this

order. The details are provided in Table 31 below.

4.3 Comparison of state policies

The framework for promotion of biomass based power generation in the three states of South
India, Andhra Pradesh, Karnataka and Tamil Nadu is similar. All the three states have a state
nodal agency (SNA) to promote the use of renewable source of energy for various applications.
These nodal agencies play the role of coordinator in setting up of biomass based power plants
in the state. They first assess the potential of setting up biomass based power plant by
estimating and/or validating the surplus quantity of biomass available in the region. Accordingly
the SNAs provide the initial conditional sanction to setting up of power plant. The SNAs play a
role of facilitator and help the proponent in getting all the required approvals and clearances.
The SNAs also facilitate in putting the proponen
provided by MNRE. The SNAs review the implementation of projects, report the status to the

MNRE and post implementation monitor the performance of each project.
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Table 31: Two part tariff for biomass power in Tamil Nadu

Year Fixed Cost Year Variable Cost Year Fixed Cost Year Variable Cost

Rs / Unit Rs / Unit Rs / Unit Rs / Unit
1% 1.833  2009-10 2.667 1% 1.546  2009-10 2.667
2" 1.851  2010-11 2.800 2" 1.561  2010-11 2.800
3 1.805 31 1.538
4" 1.759 4" 1.516
5 1.715 5 1.494
6" 1.671 6" 1.473
7" 1.629 7" 1.453
g 1.588 g 1.435
o 1.548 9" 1.417
10" 1.509 10" 1.400
11" 1.471 11" 1.384
12" 1.435 12" 1.114
13" 1.467
14" 1.499
15" 1.533
16" 1.569
17" 1.607
18" 1.647
19" 1.689
20" 1.732

The Commission has fixed the Renewable Energy PurchaseObligation at minimum of 13%
for 2009-10 and minimum of 14% for 2010 -11

The format of the Energy Wheeling Agreement (EWA) shall be evolved by the Commission
within after consultation with biomass based power generators and the distribution licensee

CDMbenefits should be shared on gross basis starting from 100% to developers in the first

year and thereafter reducing by 10% every year till the sharing becomes equal (50:50)

between the developer and the consumer in the sixth year. Thereafter, the sharing o f CDM
benefits will remain equal till such time the benefits accrue.

Third party sale through the grid will be as speci fied by the Comr
Open Access and order on Transmissionand other charges

Banking facility not available. The Commission prescribes a uniform rate of 5% for as
transmission and wheeling charges for biomass generators irrespective of distance. For LT
services, the transmission and wheeling charges are fixed at 7.5%
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Apart from the state nodal agency the other important entity involved is the State Electricity
Regulatory Commission (SERC). The SERCs formulate the regulations for power procurement
from new and renewable sources of energy. Under these regulations the SERCs fix the
guantum of electrical energy which each distribution licensee shall purchase from new and
renewable sources of energy. The SERCs determine the tariff for sale of power from new and

renewable sources based generators by adopting the following process;-

a) Initiating the process of fixing the tariff either suo motu or on an application filed by the
distribution licensee or by the generator.

b) Inviting public response on the suo motu proceedings or on the application filed by the
distribution licensee or by the generator.

¢) Conducting public hearing on the above.

d) Issuing general / specific tariff order for purchase of power from new and renewable
sources based generators

The SERCs also decide on the regulations regarding the transmission/wheeling/banking, sale of
power to third party and defines the control period of the tariff. They determine the tariff for
power purchase by distribution licensee from new and renewable sources based generators, the

Commission shall, as far as possible, by following principles and methodologies specified by:
a) Central Electricity Regulatory Commission
b) National Electricity Policy
c) Tariff Policy issued by the Government of India
d) Rural Electrification Policy
e) Forum of Regulators (FOR)
f) Central and State Governments

While determining the tariff, the SERCs consider an allowance/disincentive based on
technology, fuel, market risk, environmental benefits and social impact etc., of each type of new
and renewable source. While determining the tariff, the SERCs also adopt appropriate financial

and operational parameters. The terms and conditions for determination of tariff for purchase of
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power from renewable energy sources by the distribution licensee for the three states is

compared in the table 32 below:

Table 32: Comparison of biomass power tariffs in southern states

Date of last tariff order 31-Mar-09 18-Jan-05 27-Apr-09
Single part/two part tariff Two Single Two
Control period 5yrs 5yrs 2yrs
Project cost Rs 4 cr/MW Rs 4 cr/MW Rs 4.87 cr/MW
Return on equity 16.00% 16.00% 19.85%
Debt equity ratio 70:30 70:30 70:30
Interest rate 10% 11% 12%
Depreciation 7.84% 7.00% 4.50%
Plant load factor 80% 75% 80%

O&M expenses

4.00% of project

4.00% of project

3.96% of project

cost cost cost
O&M escalation 4% 5% 5%
| nterest on working capital 12% 12.5% 12%

1 month stock

2 months stock

1 month stock

Auxiliary consumption 9% 9% 10%
Fuel price Rs 2000/MT Rs 1000/MT Rs 2000/MT
Fuel price escalation 5% 5% 5%
Fuel consumption 1.16 kg/kWh 1.16 kg/kwh 1.20 kg/kWh

Renewab le Power Purchase
Obligation

Not less than 5 %
during each of the
years 2009-10 to

Minimum 7 to 10%
with an upper limit

Minimum of 13%
for 2009-10 and
minimum of 14%

0,
2013-14 of 20% for 2010-11
Transmission & wheeling 20 5%
charges
Banking charges 2% Not available

The table above shows a wide variation in some parameters assumed for determination of tariff

across the three states of South India. The tariff determined for the state of Karnataka is the
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oldest, while the same has been determined for the other two states recently. Tamil Nadu
proposes to review the tariff every two years as compared to a review period of 5 years for other

two states.

Similarly, there is variation among some key parameters used for determining the tariff. The
project cost assumed by Andhra Pradesh recently is the same what Karnataka has used to
determine the tariff in 2005. Tamil Nadu has used an appropriately escalated project cost. The
specific fuel consumption value also varies between 1.16 to 1.20 kg of biomass per kWh of
electricity generation.
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5 Issues and Challenges

Based on the information and feedback gathered from secondary information, as well as insight
gained though field visit to selected power plants and discussions with key stakeholders, an
effort had been made in this session to identify various issues and challenges being faced by
biomass power plants as well as major barriers in promotion of biomass power plants in the

states covered under the study.
The various major issues in operating biomass power plants can be categorized as follows:
9 Biomass supply
0 Decreasing availability
0 Rising prices
1 Economic viability
o Feed-in-tariff
0 Open access
0 Third party sale
1 Working capital
0 Revenue (receipt of payment)
1 Plant operation
0 Fossil fuel supply
o0 Grid stability
0 Shortage of skilled manpower

These are discussed briefly in the following sections.

5.1 Biomass supply
Majority of the biomass plants informed that increasing scarcity of biomass is being faced in

procuring biomass and as a result biomass has to be procured from wider distances resulting in
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increased cost in transportation of biomass. In Gangavati belt of Karnataka woody biomass is
procured from as far as Chikamagalur area of south Karnataka. The other major issue raised is
the rapidly rising biomass prices in the catchment area of the plant since its commissioning. At
the initial stages of plant installation agro-residue were considered waste and were available at
throwaway prices and plants were able to manage fuel with landed price between Rs 500-1200

per ton. In recent times, especially in last 4-5 years, biomass prices have gone up rapidly.

During current year rice husk price has gone as high as Rs 2500 per ton in crowded biomass
power plant clusters like Gangavati belt (Raichur, Koppal, Bellary districts) in Karanataka and
Vijaywada (Krishna, Guntur, Prakasam districts) cluster as well as Kurnool-Mehboobnagar in
Andhra Pradesh. The main reason for the steep rise in rice husk price in Gangavati belt and
Vijaywada cluster can be attributed to two factors

9 Very close locations of biomass power plants almost 6-7 plants in a distance of about a
single district (about 50km radius). ldeally even IREDA loan policy mentions that it would
sanction not more than one IPP per district. The commissioning of new plants in last few
years in close vicinity of existing plants caused internal competition and shortage of

biomass than originally anticipated while developing the project.

1 As mentioned earlier other major reason for steep rise in biomass price is due to
upcoming new industries like distilleries in the vicinity of existing biomass power plant
consuming large, sometimes even higher biomass consumption than power plant,
biomass. Many other industries requiring thermal energy inputs are switching over from
costly fossil fuels to relatively cheaper biomass fuels to reduce fuel cost significantly
(more than 50-75%) as explained earlier as specific useful energy delivery cost of
biomass is much lower than costly liquid and gaseous fuels. These competing usage of
biomass can afford to offer much higher price to biomass fuel than power plants either
because their fuel cost component in product price is negligible (so they can absorb
higher biomass price by minor increase in their product price proportionately) or as
mentioned earlier in case of fuel switch from fossil fuels to biomass the
affordable/opportunity of biomass is much higher than even increased biomass price.
However power plant cannot afford to pay higher price easily as the feed in tariff is fixed

by regulatory commission which presently reviewed less frequently (3-5 years).

UNDP / GEF BIOMASS POWER PROJECT 63



Deloitte

5.2 Economic viability

Majority of the biomass power plant expressed concerned over reduced margins to ensure
economic viability of the plants in recent years with rising input biomass fuel prices as
mentioned earlier and relatively lower feed-in-tariff offered which are not revised/increased
frequently. In fact rationalization of feed-in-tariff for grid connected renewable power, especially
biomass power plant is critical in ensuring economic viability and there is need to rationalize it to
provide level playing ground, if not offered with lucrative premium tariffs for green renewable

power.

During last year many biomass power plants in Tamil Nadu had closed down their operations
due to non-viability with increased fuel prices. They have started operation recently after getting
assurance of revision in tariffs (which was revised later this year in April-May 2009 during field
visit as mentioned earlier). In Gangavati belt in Karnataka some biomass power plants have
started using cheaper fossil fuels, like dolachar (which is a by-product of sponge iron units in the
region) upto maximum possible limit as per prevailing regulation to maintain economic viability

of plant operation with increasing rice husk prices.

Also till recently (in Karnataka even now) single part uniform tariff was being offered for all
renewable power. However unlike wind power which do not have much running expenses
(major cost is initial capital investment) biomass power has significant operating expenses apart
from initial capital investment and more so of input fuel cost which becomes many times even
higher than 2/3rd of total cost of generation. Andhra Pradesh was first to introduce two-part
tariff (fixed and variable component) and very recently this year Tamil Nadu followed the trend.
Many power plant promoters still feel though two part tariff is welcome step with inclusion of
variable component for operating cost still the tariff is not rational and very attractive for
attracting private investment and some feel even managing existing power plant is difficult with

prevailing tariff due to very thin margin against wide fluctuating operating expenses.

After persistent lobbying by biomass power plant associations in Andhra Pradesh the
Commission has revised variable component of price recently March 2009) to help plants to
manage with rising fuel prices in the state. Tamil Nadu also announced the two part revised
tariffs in the state recently (April 2009) to help plants to resume operations which were forced to

closed down due to rising fuel prices adversely hampering economic viability. In Karnataka too
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government has offered interim short term premium tariff to all plants @Rs 5 per unit to tackle
power scarcity situation in the state till June 2009. However plants are concerned about

economic viability of plants beyond this period.

Another major hurdle power plants developers mentioned is wide variation in PPA agreement as
in some cases third party sale and open access is allowed and in many it is not making it
difficult to survive if fuel prices goes up and tariff does not go up. In such situation plants having
open access and who are allowed third party sale can sell power at premium price and can
ensure economic sustainability but plants without this option has to either suffer short term loss
or if situation sustains for longer period might have no other option than closing down as what
happened in case of many plants in Tamil Nadu recently. Power plant associations are there for
lobbying to have rational attractive tariff and/or to allow open access and third party sale to

sustain their business.

It was also mentioned during discussions in field visits that different plants in Karnataka get
different prices. This happened due to settlement by some plants to accept lower prices to
continue operations after unilateral withdrawal of tariff by state government and petition of many
plants to challenge the decision. Thus now different plant in the same cluster get different price
and even some plants can sale power to third party while others cannot as per PPA agreement.
Recently biomass power plant association is being formed in Karnataka to sort out various
issues and challenges being faced by biomass power plants in the state due to rising fuel prices

and rationalize several issues related to tariff and payments.

5.3 Working capital

Biomass power plants are relatively less capital intensive but need huge working capital due to
manpower intensive nature of operations and substantial (as mentioned earlier major share in
cost of generation) fuel cost requirement. Biomass prices fluctuate widely due to their seasonal
availability. Huge working capital investment is required to procure and store large quantities
during season when biomass is relatively cheap. But many times it is also not practical for some
biomass varieties to store for very long time as it might deteriorate in long run resulting in

effective higher price of its usage.
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Coupled with this, some power plants, mainly in Karnataka, expressed concern on substantially
delayed payments sometimes beyond few months, which results in increased stress on
managing plant operations due to working capital crunch. Relatively plants in Tamil Nadu and
Andhra Pradesh expressed their happiness on regular timely payments though they expressed
their unhappiness on prevailing lower tariffs. Recently, during the course of study, increased two
part tariffs got introduced in Tamil Nadu, as mentioned earlier, which helped revival of many
plants which got closed down due to increased fuel prices.

5.4 Plant operations

From field visits as well as discussions it was realized that the biomass combustion based plant
operations are now quite streamline and come out with initial teething trouble with regard to
reliability of operations. With experience of over decade plants are now able to manage plant
operation taking care of co-firing of fossil fuel and wide ranging varieties of biomass with varied
fuel characteristics. Some plants reported minor trouble with some fuel types like use of higher
proportion of Bengal gram causes rapid corrosion of boiler tubes requiring more frequent
maintenance and replacements. Regular frequent maintenance is required to take care of
problems due to higher and some cases corrosive ash form selected biomass varieties and
more so due to very poor quality coal supply. However over time plants are able to streamline
these problems and able to manage operations and is no more major barrier in managing high

PLF; lower PLF are nowadays for other reasons as discussed earlier.

As mentioned earlier plants are facing problems in managing biomass supply due to upcoming
competing industries in the neighbourhood and more so major challenge is managing fuel cost
with rising prices due to competing usage offering higher opportunity cost to biomass which was

otherwise earlier available as waste.

Many power plants in Andhra Pradesh expressed concern even on supply of fossil fuel as per
guota and quality. It was mentioned during discussions that many times it is difficult to get even
allocated quota of coal from Singreni Coal fields and that too is of one grade less than allotted
“F” quality coal. As a result plants really do
good sign and use whatever coal they receive to use as back up option. It was observed that
though some plants in Karnataka use coal (and as mentioned earlier cheap dolachar) upto

allowed limit, the plants in Andhra Pradesh use relatively lesser quantities of coal many even
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manage without coal as is case with plants in Tamil Nadu too which use negligible coal as back

up option in need.

Grid stability was mentioned as issue by plants which are connected to 33kV grid as frequent
tripping cause problems in restarting and results in higher fuel cost (fuel wastage) as well as
loss of revenue due to plant unplanned outage. However plants connected with 132kV lines

face negligible problem due to grid tripping.

Some plants in Karnataka and Andhra Pradesh also mentioned problem about scarcity of skilled
manpower. Manpower/worker/labour shortage during harvesting season is quite common
scene. Recently few power plants have even started bringing manpower from as long as Orissa
and Bihar. It was informed that due to increased economic/industrial activity in the region in
recent years getting skilled manpower is also becoming problem as tendency is to prefer
industrial jobs than biomass based power plants as plants are unable to offer very lucrative

remuneration due to thinning margins and uncertainty in future.

In conclusion the major issues-challenges being faced by biomass power plants can be

categorized under following essential components for their sustainable and profitable operations
1 Input - Sufficient and good quality fuel on sustainable basis
1 Output - Power evacuation with attractive tariff and sale options

1 Adequate skilled manpower to operate and manage
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6 Recommendations andsuidelines

In this section effort has been to compile the learnings from the finding of the study on review of
grid connected biomass based power plants in the southern states of Andhra Pradesh,
Karnataka and Tamil Nadu. Based on the experience and insight gained through field visits as
well as discussions with relevant stakeholders like discussions some important suggestions-
recommendations are given which can be helpful consideration in formulating any programs-
guidelines for promoting generation of electricity-energy through optimal exploitation of locally

available renewable biomass energy source in a sustainable manner.

There is no need to emphasise the need of energy security through cleaner renewable energy
considering rapidly increasing scarcity of power and deteriorating local as well as global
environment in trying to meet the demand through conventional fossil fuels. For our agrarian
developing country biomass holds the special promise for helping to attain energy security but
there is need to plan properly based on past learnings and develop conducive policies for its

promotion to achieve faster penetration and more importantly in sustainable manner.

As mentioned earlier for effective implementation of any programme of biomass based power
generation following critical aspects need due consideration

1 Evolving mechanism for dynamic and realistic assessment of biomass resource

availability with long term sustainability

9 Ensuring the evolution of organized biomass market for streamlining the biomass supply

and rationalizing the input-out prices of power plant

1 Appropriate energy conversion technology selection for matching sustainable available

biomass resource and local power needs

1 Determining feed-in-tariff on rational basis for providing level playing ground if not very

favourable to encourage adoption of green renewable power

1 Evolving conducive dynamic policies for encouraging adoption of cleaner power
generation through exploitation of local renewable resources to achieve energy security

and cleaner climate
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6.1 Assessment of biomass availability

There is need to evolve mechanism-model for dynamic assessment of realistic surplus biomass
availability for energy use. As can be observed in previous sections biomass assessment
merely based on agriculture production data, crop-agro residue ratios (in some cases stalk yield
per hectare) for residue yield and prevailing consumption based on norms of per capita
consumptions (based on survey results which are being used for decades now) does tend to
give huge biomass power potential. However the field survey reveals that ground reality is that
there is increasing scarcity of biomass due to several upcoming biomass consuming industries
in the region as well as shifting of biomass for fossil fuel being economically attractive
proposition. MNRE sponsored biomass atlas prepared by IISc is definitely good initiative
requiring massive operation of collecting analyzing huge field level data. It took more than 5
years to come out with biomass atlas and by now time has come to update it. There is need to
evolve model or mechanism to ensure that such district or even block wise biomass availability
data is streamlined to make biomass atlas dynamic as well as realistic to able to use with
confidence. Biomass assessment is very weak presently in absence of lack of documentation of
field data and its centralized linkage for analysis. With development of GIS and IT infrastructure
it might now be easier than in past. There is thus an urgent need to streamline constant
updation of biomass atlas and make it assessable to all. Also while setting up any new biomass
consuming industry such as power plant more realistic conservative reliable surplus biomass

assessment estimation need to carried out to ensure long term sustainability.

From the current estimate of biomass/agro-residue given in previous section here an effort is
made to estimate the minimal radius of biomass catchment area for biomass power plant of
5MW and 10MW capacity. As mentioned earlier various districts of the state depending on agro-

residue density (ton/ha). The summary of the analysis is given in Table 33.

Table 33: Estimate of biomass catchment area for power plant

High (0.346 t/ha) 31 44
Medium (0.156 t.ha) 46 66
Low (0.080 t/ha) 65 91
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High (0.581 t/ha) 24 34
Medium (0.291 t/ha) 34 48
Low (0.135 t/ha) 50 70
High (0.790 t/ha) 21 29
Medium (0.325 t/ha) 32 45
Low (0.147 t/ha) 48 67

It can be observed that even in high biomass density area the distance between two plants
need to be 40, 50, 60 km in the states of Tamil Nadu, Karnataka and Andhra Pradesh
respectively. However it needs to be mentioned that this is based on agriculture production data
and can be general guiding numbers. Biomass catchment area can be much smaller in agro-
processing industrial clusters producing large quantities of agro-residue as by product. In such
cases though agriculture production might spread in larger area residue availability is
concentrated in processing cluster. In some clusters like in southern districts of Tamil Nadu,
Gangavati belt in Karnataka and cluster around Vijaywada in Andhra Pradesh the distance
between two power plants is much smaller and are facing shortage of biomass in recent years

despite located in agro-processing clusters like rice mills.

6.2 Developing organized biomass markets

Traditionally biomass remained non-commercial, non-monetized commodity. Even several field
level surveys indicate that for domestic purpose mostly biomass is collected and very little is
purchased. Very recently with increasing scarcity of biomass due to their rising demand as
cheap energy source for large number of process heat applications in unorganized (and now
even in organized) small and micro enterprises biomass is being sold for price and this price is
now increasing rapidly. Thus biomass has now become monetized commodity but still is traded
individually in unorganized manner. There is need to systematically develop market for biomass
wherein movement of biomass for variety of applications, its price, can be monitored. Even for
biomass power plant there is need to track record of biomass prices through organized market.

This will help to fix variable part of two-part tariff structure which is being demanded by plants
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and being introduced in many states one-by-one. But in absence of organized biomass supply

and monitoring of fuel movement and price variations it is next to impossible to rationalize the

tariff and plan or regulate biomass based plant or industries in the region to ensure the

sustainability of biomass supply to all. Thus there is need to demonstrate viability of biomass

market or mandi system on pilot basis in different part of areas having biomass potential as well

as utilization market. This will set up trend and will benefit all growers to get maximum

opportunity cost, consumers to plan operation and regulators to regulate tariff and biomass

utilization for maximizing its potential as renewable energy source and GHG mitigation option.

During discussions with some good suggestions came to organize the biomass supply which is

listed below:

T

Developing and demonstrating organized biomass markets (mandi) in different parts of
country on pilot scale to help the process of streamlining organized biomass market

Develop and promote SHGs (self help groups) in rural areas for coordinating biomass
collection and supply of agro-residues from the field or woody biomass like juliflora,
lantana from wastelands to biomass consuming plants. This will help in easy monitoring

of biomass flows and price variations.

Evolving guidelines for biomass using industries. Not allowing new large biomass
consuming industries where already competing usage exists or restricting diversion of
biomass supply from existing biomass consuming plants. This might not be easy to
implement considering the present unorganized nature of small and micro enterprise but

some directives may help in moving in this directions

Promoting energy plantations though SHGs on wastelands and developing linkages
among growers and consumers through organized biomass markets like mandi system

mentioned earlier.

Some plant owners even indicated that they would have accepted some minimal
dedicated energy plantation as one of pre-requisite to setting up biomass power plant
which would have helped them to use as back up option in days of exorbitant high

biomass price regime and have better bargaining power in biomass procurement.
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6.3 Appropriate technology selection

Presently majority of the grid connected biomass plants are either Rankine cycle based biomass
combustion power plants or cogeneration plants (in sugar mills). In Tamil Nadu there is one
small (1.25 MW) grid connected plant based on biomass gasification technology and one on
biomethantion technology. Recently some of large capacity biomass power plants in southern
districts of Tamil Nadu have got converted into coal based power plants may be due to
economic reason against rising biomass prices and scarcity of biomass to support large
capacities.

Biomass combustion based plants are generally suitable for large capacity (few MW and above)
and grid connected applications. Whereas biomass gasifier and biomethanation based power
plants are more suitable for sub megawatt level and decentralized applications. Therefore
though biomass combustion based power plants may be viable option in high agro-density area
(still requiring 20-30km radius fuel catchment area) or in agro-processing industry clusters there
can be niche market for smaller capacity biomass based power plants to maximize the
exploitation of the available renewable biomass resource potential in the country. For
harnessing the large untapped biomass power potential in scattered wide spread areas (low
agro-residue density regions where even for 5/10MW capacity fuel catchment area required
may be large of the order of 50-150km radius) mainly in low agro-density district pockets or
isolated small agro-processing cluster other technologies like biomass gasification can be more
suitable. Similarly there can be niche market for biomethanation based power plants for
captive/grid connected power to tap potential of high moisture content (or even slurry) by-

product of typical agro-processing sector such as tapioca, coffee processing, rubber processing.

In combustion based power plants too there is further scope of maximizing power from available
biomass by achieving higher operating thermal efficiencies by raising pressure levels in boilers
from present 60-62 bar to above 80-85 bars. Similarly like Tamil Nadu it can be useful to switch
from wet water cooled surface condensers to dry air cooled condensers in all future biomass
power plants as they minimize the water requirements which is becoming scarce commodity

year-by-year and also minimizes ground water pollution.

Recently Sterling engines are regaining interest and attention in Europe due to its very good

multi-fuel capability and simplicity. If commercially available Sterling engines also can be
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introduced in India for harnessing the large scattered market of small capacity biomass power
generation. However, for such smaller biomass systems major challenge will be grid

synchronization but which can be done with rapid advancement in power control systems.

6.4 Rationalizing feed-in-tariff

As mentioned earlier Andhra Pradesh and recently, since April 2009, Tamil Nadu is following a
two part tariff system, while Karnataka still abides the rates announced in 2005, follow a single
part tariff. It is generally perceived that the energy from non-conventional sources is infirm in
nature and cannot be strictly dispatched, and hence is not amenable for two part tariff. Wind and
mini-hydel projects are best examples. However, the biomass projects are capable of
generating firm power and hence two part tariff is desirable to operate the plant at efficient level
(considering the operating levels at which fixed costs are recovered). Also with sharp variation
in the price of input fuel cost, the two part tariff is convenient to accommodate the cost of price
escalation. Therefore it is thus proposed that all states should determine the tariff for purchase

of power from biomass plants following a two part tariff mechanism.

As discussed earlier one of the major issue is regarding feed-in-tariff and major challenge is to
evolve rational tariff which would be win-win situation for all stakeholders. Recently lot of
negotiations/consultations occurred between regulators and state biomass power plants
associations in Andhra Pradesh and Tamil Nadu and as result variable component of two-part
tariff was revised in Andhra Pradesh in March 2009 and two part tariff was introduced in Tamil
Nadu in April 2009. Though majority of issues raised by power plant association were
considered to large extent during the process here some key issues/factors/parameters which
need attention/consideration in determining and revising feed-in tariff are briefly described here.

Following recommendations are therefore made to determine the feed-in-tariff on rational basis.

1 Uniform fixed cost code should be followed by all the State Electricity Regulatory
Commissions of the country in determining the tariff. Broad guidelines for determining
the fixed part of the tariff should be laid down and these should be uniformly accepted
and applied throughout the country. These guidelines should include fixation of following

components:
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o Capital Cost
0 Return on equity
o Debt equity ratio
0 Interestrate

o Depreciation

1 Apart from the uniform fixed cost code some of the guidelines for components used in
determining the variable tariff should be laid. The control period of the tariff should be
defined uniformly as this is the basis for reviewing the variation in cost specifically for the
variable portion. The variable part of the tariff should be linked to key variable
component through benchmarking. It can be either with prices of fossil fuel or with the
development of organized biomass markets, as discussed earlier, the variation in cost of

fuel can be tracked effectively and frequently.
Following components need to be considered while determining the variable cost of the tariff:
9 Factors for estimating the working capital
1 Auxiliary consumption
1 Specific fuel consumption

The cost of fuel, O&M expenses and plant load factor being region specific can be determined
by the respective state authorities through consultative process with biomass power
associations. All the above components need to be reviewed periodically to confirm any
substantial variation owing to technological development, inflation or any other factor. This
review can be more frequent may be on annual basis rather than presently followed review
period of 3-5 years. Thus by following a conducive and dynamic approach for tariff
determination will encourage adoption of cleaner power generation through optimal use of local

renewable resources to achieve energy security and cleaner climate.
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7 Conclusions

Biomass has been and is still one of the major energy sources in India being an agrarian
developing country. It is estimated that over 500 million tonnes of agro-residues are produced in
India out of which about 120 to 150 million tonnes of surplus biomass is available annually with
estimated power production potential of the order of 17,000 to 22,000 MW. Since mid-nineties
MNRE is implementing its biomass based combustion and cogeneration power plants. So far
about 203 plants aggregating to about 1677 MW installed capacity have been commissioned in
different states of the country feeding power into the national grid. Southern region covered
under the present study includes three top leading states viz. Andhra Pradesh (40), Karnataka
(11) and Tamil Nadu (12) in the field of biomass power plant implementation with cumulative
installed capacity of 434.45 MW from 63 plants.

In order to develop structured database of all the plants for future use, a detailed
guestionnaire was developed to gather information about biomass power plants as well as to
gain insight on various relevant issues, concerns based on experience. Efforts were also made
to gather available information from the internet and other secondary information/data for
supplementing the questionnaire based data to compile database which is enclosed as an

annexure volume of this report.

Based on the secondary information and updating the biomass atlas data regarding
biomass production and availability based on recent agriculture production data a
comprehensive state as well as district wise biomass availability and power potential data was

arrived at as summarized below.

Table 34: Summary of biomass residue production and power potential

Andhra Pradesh 23357.8 5618.2 650.3
(0.193) (2.4)

Karnataka 37498.1 7149.9 928.9
(0.373) (4.8)

Tamil Nadu 31435.5 6922.9 791.3
(0.459) (5.3)

Note Updated biomass atlas data based on recent agriculture production
data. Numbers in bracket indicate density in ton/ha and MW/sqg.km.
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Despite large power potential as per agriculture production and per capita consumption figures
biomass scarcity is being felt around biomass power plant especially in dense clusters like
around Vijayawada in Andhra Pradesh, Gangavati belt in Karnataka and southern districts in
Tamil Nadu. Other reason for this is also emerging competing usage of biomass around existing
power plants which can afford to offer higher price to substitute high priced fossil fuels with
relatively cheaper biomass fuels. In order to gain insight on this analysis of various competing
fuels was carried out to estimate fuel cost per useful energy delivered as well as maximum
affordable cost of biomass for such fuel substitution. As discussed earlier it clearly showed
potential of 50-80% fuel cost reduction and much higher opportunity cost of biomass (in
multiples of 4-5 for replacing liquid and gaseous fuels) even at higher offered price to biomass in
these competing usage.

In all 21 biomass power plants were visited against the minimal sample size of 11 for field visits
as per the Terms of Reference (ToR) for carrying out the study. Based on information gathered
and discussions with various stakeholders during field visit various issues and barriers were

identified. The major ones are

1 Biomass supply

o Decreasing availability with upcoming biomass consuming industries in the

region
0 Rising prices due to competing usage which can offer higher price
9 Economic viability

0 Feed-in-tariff need to be rationalize across all the states and plants and should

be determined on more realistic input parameters

o Uniform and encouraging policy environment including open access and third

party sale
1 Working capital
0 Revenue (timely receipt of payment)

1 Plant operation
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o Fossil fuel supply in allotted quota of agreed quality

o Grid stability to minimize frequent shutdown and restart thereby minimizing

outage time

Based on the learnings and insight gained through field visits as well as discussions with

relevant stakeholders like discussions it can be concluded there is still large untapped potential

of biomass energy, however there is need to implement program properly to avoid dense

clusters as happened in past and explore option of promoting new technologies (higher

pressures and temperatures in boilers) as well as promoting other technologies such as

biomass gasifiers, sterling engines and biomethanation to tap distributed sub-megawatt

biomass potential in the country. There is no need to over emphasis that for effective

implementation of biomass based power generation programme following critical aspects need

due consideration

T

Evolving mechanism for dynamic and realistic assessment of biomass resource

availability with long term sustainability. This need to be continued updation process

Ensuring the evolution of organized biomass market (mandi) for streamlining the

biomass supply and rationalizing the input-output prices of power plant

Appropriate energy conversion technology selection for matching sustainable available

biomass resource and local power needs

Determining feed-in-tariff on rational basis for providing level playing ground if not very

favourable to encourage adoption of green renewable power

Evolving conducive dynamic policies for encouraging adoption of cleaner power
generation through exploitation of local renewable resources to achieve energy security

and cleaner climate
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