Annex 2

ANNEX 2— Case Studies of Selected Biomass Power Projectsin India

11 I ntroduction

Biomass has always been an important energy source in India. Although, the energy
scenario in India today indicates a growing dependence on the conventional forms of
energy, about 32% of the total primary energy use in the country is still derived from
biomass and more than 70% of the country’s population depends upon it for its energy
needs.

The Government of India, through its Ministry of Non-conventional Energy Sources
(MNES), has been aware of the potential and role of biomass energy in the Indian context
and, hence, has initiated a number of programmes for promotion of modern technologies
for its use in various sectors of the economy to ensure derivation of maximum benefits.
Biomass power generation in Indiais an industry that attracts investments of over

Rs.600 crores every year, generating more than 5000 million units of electricity and
yearly employment of more than 10 million man-days in the rura areas. The three main
technologies being promoted by the MNES for productive utilisation of biomass are
bagasse-based cogeneration in sugar mills, biomass power generation, and biomass
gasification for thermal and electrical applications.

The Government of India has a well-framed nationa policy with objectives to promote

biomass power generation systems. Requisite clauses are inserted in the Electricity Act,
2003.

There is an installed capacity of 302 MW through biomass gasification and 437 MW
through cogeneration till March 2005. Case studies of a few of the installed plants are
collected and analysed to consolidate the value of learning and experience.

111 National electricity policy 2005
1. The National Electricity Policy aims at achieving the following objectives:
2. Access to Electricity — available for all householdsin the next five years,

3. Availability of power —demand to be fully met by 2012. Energy and peaking
shortages to be overcome and spinning reserve to be available,

4, Supply of reliable and quality power of specific standards in an efficient manner
and at reasonabl e rates,

5. Per capita availability of electricity to be increased to over 1000 units by 2012,

6. Minimum lifeline consumption of 1 unit/household/day as a merit good by 2012,

7. Financial turnaround and commercial viability of electricity sector, and

8. Protection of consumers’ interests.

The electricity act.2003

The Electricity Act contains the following provisions pertaining to non-conventional
energy Sources.
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Sections 3(1) and 3(2)

Under Sections 3(1) and 3(2), it has been stated that the Central Government shall, from
time to time, prepare and publish the National Electricity Policy, in consultation with the
state governments and authority for development of the power system based on optimal
utilisation of resources such as coal, natura gas, nuclear substances or material, hydro
and renewabl e sources of energy.

Section 4

Section 4 states that the Central Government shall, after consultation with the state
governments, prepare and notify a national policy, permitting stand-alone systems
(including those based on renewable sources of energy and other non-conventiona
sources of energy) for rural areas.

Section 61

Section 61, 61(h) and (i) state that the appropriate commission shall, subject to the
provisions of this Act, specify the terms and conditions for the determination of tariff,
and in do so, shall be guided by the following, namely, the promotion of cogeneration
and generation of electricity from renewable sources of energy; and the National
Electricity Policy and Tariff Policy.

Section 86(1)

Section 86(1) and 86(1) (e) state that the state commissions shall discharge the following
functions, namely, promote cogeneration and generation of electricity from renewable
sources of energy by providing, suitable measures for connectivity with the grid and sale
of electricity to any person, and also specify, for purchase of electricity from such
sources, a percentage of the total consumption of electricity in the area of a distribution
license.

1.1.2 Achievements

A power-generation capacity of about 302 MW has been commissioned through 54
projects, as on March 2005. A further capacity addition of about 270 MW through 39
projects is reported to be under implementation. The biomass materials that have been
used for power generation in these projects include rice husk, cotton stalk, mustard stalk,
Prosopis juliflora (Vilayati babul), poultry litter, bagasse, cane trash, etc. State-wise
distribution of the commissioned plants and the plants under implementation is given in
Table 1 below (as on 31% March, 2005). :

Table 1 Details of power projects commissioned and under implementation

State Commissioned capacity Under implementation' capacity
Number of projects (MW) Number of projects (MW)
Andhra Pradesh 37 194.2 11 70.25
Chhattisgarh 2 11.0 5 51.00
Gujarat 1 05
Haryana 1 4.0
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Karnataka 5 36.0 11 61.00
Madhya Pradesh 1 1.0

Maharashtra 1 35 1 6.00
Punjab 1 10.0 1 6.00
Rajasthan 1 7.8 4 29.10
Tamil Nadu 4 34.5 6 48.50
Uttar Pradesh - -

Total 54 302.5 39 271.85

Source: Booklets on Renewable Energy - No.2 ‘Biomass’ published by Ministry of Non-conventional
Energy Sources, Government of India

113 Installation cost

The typical capital cost for biomass power projects range from Rs.3.00 croressMW to
Rs.4.00 croresMW. The cost of generation depends upon the cost of biomass, the plant
load factor, and the efficiency of the conversion.

114 Definition of Village Electrification

Old definition

“A village will be deemed to be electrified if electricity is used in the inhabited locality,
within the revenue boundary of the village, for any purpose whatsoever”.

New definition (Reference 1)

“A village would be declared as electrified if

Basic infrastructure such as Distribution Transformer and Distribution lines are provided
in the inhabited locality as well as the Dalit Basti/ hamlet where it exists. (For
electrification through Non Conventional Energy Sources a Distribution transformer may
not be necessary). Electricity is provided to public places like Schools, Panchayat Office,
Health Centres, Dispensaries, Community centres etc. and the number of households
electrified should be at |east 10% of the total number of households in the village.

The above definition came into effect from the year 2004-05.

115 Current scenario of village e ectrification

There are about 80, 000 villages are yet to be eectrified out of which 18 000 villages are
remote and extension of the conventional power grid is not feasible. These villages have
to be electrified using Renewable energy sources. Mgority of these villages are to be
electrified using Biomass.

Case studies: Selected case study of Biomass based power generation systems installed
for captive power and village el ectrifications are discussed in the following chapters.
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12 Case Study: Biomass power Project in Andhra Pradesh [Ref 2]

121 Overview

This case study is about a multi-biomass based on direct combustion grid-connected
power plant using steam turbine.

Biomass based power projects are promoted in Andhra Pradesh by Ministry of Non
Conventiona Energy Sources (MNES), Non-Conventional Energy Development Agency
(NEDA) and Government of Andhra Pradesh. The first project was commissioned in
1996 and most of the plants are established in 2001. The present installed capacity in the
State is 206 MW. The typical size of the plantsis 6 MW. In every district of the State,
these plants are in operation.

1.2.2 Factors influencing the programme

The State has a favourable tariff regime. The third-party sale is permitted. There are
lower wheeling charges and availability of multiple biomass is abundant. Later the
regulator has prohibited the third-party sale, but allowed the MNES tariff rate from the
year 2000. The tariff was revised to Rs.2.88 per kWh in place of Rs.3.46. Again the rate
was enhanced to Rs.3.18 from Rs.2.88 with the intervention of court. The Plant Load
Factory (PLF) was pegged to 80%. Due to these factors there was a loss of interest for
developersto set up new plants. The project was commenced in June 2000 and compl eted
by December 2001.

1.2.3 Fuel procurement
Different types of biomass was utilised and the procurement methods are as follows:

Rice husk from rice mills

Bagasse from sugar plants

Jute stick from farmers

Casuarinas trees from Agro-Farming
Cotton and red gram stalks from farmers
Woody biomass from farmers
Groundnut shell from oil mills

Jute waste from jute mills

O O0OO0OO0OO0OO0OO0O0

The plant was installed by Varun Power Projects (P) Ltd. The capacity of the plant was 6
MW. The project is first of its kind without much industrial experience. The plant is
located at Chilakapalem, at Srikakulam District in Andhra Pradesh.

The selection of appropriate location is done with the following criteria

Ensuring the availability of biomass resources, in surplus

Only one plant in the district

Adequate availability of ground water resources

Location of the plant adjacent to the existing grid of 132 KV sub-station
Location of the site on the National Highway connecting Howrah, Chennai

O O O0OO0Oo
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0 Ensured logistic requirement, including biomass mobilisation

124 Fuel processing/preparation

Only rice husk was fired as it is without processing. All wood biomass was chiped in to
smaller pieces using chipping machine. Bushy wastes like stalks are cut into small pieces
using biomass shredder.

125 I nvestment

The project is set up at atotal cost of Rs2440 lakhs including land, buildings, plant and
machinery and fixed deposit collected by IREDA

Means of finance
TermLoan Rs. 1827 lakhs
Equity Rs. 613 lakh

The project was funded by IREDA. Subsequently due to increase in the cost of biomass
fuel, reduction in tariff, the company shifted the loan to a commercial bank to reduce the
interest cost.

Equipment packages:

) Turbo generator and auxiliaries
(i) Boiler and Auxiliaries

(iii)  Fuel handling system

(iv)  Cooling water circulation system
(v) Ash handling system

(vi)  Compressed Air System

(vii) RO/DM Water treatment system
(viii)  Air conditioning and Ventilation
(ix)  Fireprotection

x) Power evacuation and auxiliary power distribution system
(xi)  Controls and instrumentation
(xii)  Civil and structural works

1.2.6 Parameters of main equipment

o] Boiler configuration is as foloows.

o] 495 Deg.C, 65 kg /cn? - 27 TPH Travelling grate fired boiler

0 Turbine configuration is given bellow.

0 495 Deg. C, 65 kg /en? - fully condensing type— 9000 rpm machine
1.2.7 Problems and constraints

o] New kind of industry and market

Fuel processing.
Continuous and constant fuel feeding rate
Fuel required, size of the fuel to feed is up to amaximum of 20 mm.

o OO
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o] Woody and bushy biomass is needed to be processed for required size

o] Because of volumesin nature, low bulk density procurement of biomass to the
site adds high overhead expenses

o] Biomass ash is highly alkaline in nature. It requires frequent cleaning and
maintenance of the tubes.

o] Being grid connected to rural sub-stations, occurring of high grid fluctuation, it
demands continuous attention.

o] High moisture content of the fuel resultsin low boiler efficiency

o] Frequently reducing and varying tariff rate maintains high PLF
PLF has been pegged to 80%

1.2.8 Power generation.

The unit operates at more than 80% of PLF. The average power generation rate, over a
period of three years, is 438 lakhs of unit per annum. 1.1 kg of biomass per kWh, is
considered as base for tariff calculation. The details of power generation are provided in
the following table 2:

Table 2 Details of power generation

Sl. No. Year Units generated in Lakhs.
1 2002-2003 428

2 2003-2004 471

3 2004-2005 415

4 Average 438*

*

The average PLF (Plant Load Factor) is 83.3%

>
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A view of the Biomass storage and conveyer system of the biomass power plant in Andhra Pradesh
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A view of thelpower pant using deferent types of biomass as feed material.

13 Case Study: Village Electrification using biomass gasification in dual fuel
mode [Ref 3]
131 Overview

Work carried out by the Centre for Sustainable Technologies, 11Sc., Bangalore

Location: Hosahalli and Hanumantha Nagara.

Hosahalli and Hanumantha Nagara are two villages electrified using biomass gasifier
system. These villages are located in Kunigal Taluk, Tumkur District of Karnataka State.

1.3.2 Planning and approach for implementation

The project was implemented with the following plan of activities involving the local
population:

o] Discussion with the local village communities explaining the technology, roles,
responsibilities and benefits of the project

o] Establishment and protection of energy forest to ensure sustainable biomass
availability

o] The first system of the capacity of 3.7 kWewas installed in 1988 and later
upgraded to 20 kWe in 1997

o] The second system was installed at Hanumantha Nagarain 1996 of 20 kWe
capacity

o] Local youth were trained to operate and maintain the systems



Annex 2

o] Village community is engaged in management, operation and supervision and

energy forest protection

133 System specifications
Table 3 Features of biomass gasifier systems
Description Hosanhalli Hanumanthanagara
Y ear of establishment 1988* 1996
Size of village (number of households) 35 58
Population 218 319
Energy plantation (ha) raised 4 8
Installed capacity (kWe) 20 20
Installed end-use capacity (load):
o Lighting 4.0 4.0
o Drinking water 2.6 2.6
o Flour mill 5.6 5.6
o lrrigation pump 185 255
Tota installed end-use capacity 30.7 37.7

* Theinstalled capacity in 1988 was 3.7 kW and was expanded to 20 kW in 1997

Source: “Sustainable biomass power for rura India Case study of biomass gasifier for village
electrification” in their Special Section on Application of S&T to Rural Areas (NH Ravindranath, Hl
Somashekar, et. a.)

1.34 System performance

Both the systems performed for more than 70% of the days on dual fuel mode. Diesel
alone was used for about 25% of the days. 5% of the time had gone on operation and
maintenance of the system. 25% of the diesel-alone mode was because of non-availability
of processed biomass, non-availability of trained operators or problems with gasifier
system components. The total electricity generated varied from 12 to 22 MWh per year.

The system operated on dual-fuel and diesel mode as per the requirement and situation.
The details of the total number of days operated for one of the systems at Hosanhalli is
shown in Figure 1. The profile of the specific fuel consumption on diesel and dual-fuel
mode is shown in Figure 2. The total electricity produced and SFC is given in Table 4.
The load vs. SFC is shown in Figure 3. The cost of power generated at various loads is
givenin Table5.

Table 4 Total electricity produced

Description 2003 2002 2001 2000 1999 1998
Electricity generated KkWh/yr in dual fuel | 18651 17185 12775 7238 9617 9300
mode

Electricity generated kWh/yr in diesel- | 3326 3992 13476 5251 3267 2723
only mode

Total electricity generated KWh/yr 21977 21557 16251 12489 12884 12023
Average wood consumption rate kg/lkwh | 1.8 1.64 2.07 1.28 1.27 1.32
in dual fuel mode

Diesdl usein dual fuel mode I/lkWh 0.063 0.077 0.086 0.109 0.173 0.182
Diesel usein diesel-only model I1/kWh 0.567 0.76 0.779 0.564 0.379 0.432
Diesdl substitution in percent under dual | 85.55 87.02 80.69 80.67 54.35 85.33
fuel mode




Source: “ Sustainable biomass power for rural India: Case study of biomass gasifier for village
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electrification” in their Special Section on Application of S&T to Rural Areas (NH Ravindranath, HI
Somashekar, et. al.)

Table5 Cost of power generated at variousloads

Load Diesdl Biomass Engine Gasifier Labour Tota cost | Cost/kWh
(kW) cost (Rs/h) | cost (Rs/h) | (Re/h) (Rs'h) cost (Rg/h) | (Re/h) (R¥kWh)
6.0 16.4 9 5.42 0.98 6.25 38.05 5.85
7.0 211 10.5 5.42 0.98 6.25 44.25 4.92
8.5 18.74 10.5 5.42 0.98 6.25 41.81 4.65
115 22.26 15 5.42 0.98 6.25 49.91 3.56
15 25.77 18 5.42 0.98 6.25 56.42 3.52
20 4217 255 5.42 0.98 6.25 80.32 3.34

Cost:  Wo0d=Rs.0.75/kg;

Diesel +transport=Rs.23.45/1;

maintenance=Rs.0.98/h; Operator wage=Rs.6.25/h

Source: “ Sustainable biomass power for rural India: Case study of biomass gasifier for village

Engine maintenance=Rs.5.42/h;

Gasifier

electrification” in their Special Section on Application of S& T to Rural Areas (NH Ravindranath, HI
Somashekar, et. a.)
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Figure 4. Diesel consumption rate with respect to load, on dual-fuel

1.35 Economics

The cost of power generation per kWh was varying between Rs.3.44 to Rs5.85
depending upon the PLF corresponding to 30% on full capacity. This was arrived at
based on the following input parameters:

o] Cost of fuel wood Rs.0.75/kg
o] Diesel + transport Rs.23.45/kg
0 Engine maintenance Rs.5.42/h

o] Operation cost Rs.6.25/h

With the current rate of over 30% escalation in cost, the power production cost will be
worked out to Rs.4.55 to Rs.6.75 per kWh produced.

1.3.6 Tariff recovery

A “fee for service” was adopted in consultation with the village community. All the
information on input cost and the financial stability was established. Lighting tariff was
fixed at Rs.5/bulb point/month and Rs.10/- per household for piped water supply. In 2001
to 2003 the recovery rate of the service fee is in the range of 94 to 99% for the service
provided for several applications.

The applications covered in services are:
0 Lighting

o] Drinking water
0
0

Four mill, and
Irrigation

11
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1.3.7 Problems encounter ed

Decentralised biomass power generation is based on new technology was implemented in
the village. A number of problems were encountered in the way of its sustainable
management. The problems are in the category of technical, social, political, financial
and others like processed biomass. Figure 5 shows the problems distributionin terms of
percentage.

Others (4.04%)
Opperator (8.51%)
Diesel (3.75%)

Gasifier (36.08%)

Cutwood (42.86%) Engine (4.76%)

Figure 5 Problems encountered during operation by various
components (Over 2190 hrsof operation)

1.3.8 Technical problems

The technical problems are those faced due to repair, replacement of components,
maintenance, etc. for the gasifier system and the engine. Use of moist fuel, fuel of wrong
size also added to the problems in the function of the gasifier system, thus affecting the
quality of the gas.

1.39 Fuel supply

Nonravailability of the cut wood fuel of the right size with allowable moisture content is
one of the problems faced. The labour availability for procuring and processing the fuel
wood also becomes a problem at many instances. The nearest diesel source is about 30
km away from the site. Mechanisation of fuel processing and adequate storage is
necessary to overcome the problems.

1.3.10 Non-availability of operator

It is not economical to have a standby operator when one is having any emergency
situation. However, it is felt that to train more persons on operation will help to resolve
the issue.

1.3.11 Social problems

Due to certain political or other reasons, there is a disagreement among the village
committee members. It is surprising to see that the village committees are divided based
on political affiliations, caste, land ownerships, etc.

12
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1.3.12 Benefits
The benefits realised through decentralised power generation are:

Social benefits:

o] Water supply to the household at door-step

o] Women can spend 2.6 h/day in productively instead of spending thetimein
collecting water

o] Electricity for lighting in all houses, help school-going children in their studies

o] Locally available flour mill facility

Economic benefits:

Employment/income generation

o] Increased crop production through irrigation

o] Establishment of energy forest

o] Increased vegetable and mulberry growth — thus engage more labour

o

Environmental impact:

o] Raising energy forest

0 Low or insignificant ash producing fuel (in comparison with coal) growth

o] Biomass combustion leads to insignificant sulphur emission

o] Fossil fuel cogeneration and carbon mitigation

14 Case Study: Biomass based Power Project at Kothara, Gujarat [REF 4]
14.1 The demonstration project: Blazing a new trail

The Gujarat Energy Development Authority (GEDA) took up Energy Plantation
Programmes in the wastelands of Kuch in a maor way since the early 1980s. These
programmes are multi-dimensional in nature with linkages to energy supply, food and
fodder, soil regeneration, ecological development and local employment generation.

1.4.2 Tree species

The tree species for plantation were Acacia nilotica, Prosopis juliflora, Acacia tortillas,
Eucalyptus, Subabul and Casurina. These are hardy specimens that can survive in harsh
climates, poor soils and minimal water conditions. At the same time, they are also able to
regenerate the soil. By their very name, energy plantations mean that they are grown for
cyclical harvesting whereby the trees, once they attain specific height, are cropped or
coppiced periodically for their biomass, a sustainable resource. Biomass yields from
energy plantations usually range from 4-8 tonnes per ha per year. GEDA'’s energy
plantations in district Kuch cover 1450 ha at different agro-climatic locations in villages
Moti Sindhodi, Lathedi, Vingabe and Kosha in taluka Abdasa.

1.4.3 Cost break-up

The total project cost is Rs.200 lakhs, with plant and machinery at Rs.160 lakhs and civil
work at Rs.30 lakhs. The project objective is to feed a minimum of 500 kW electric
power into the grid at Kothara Sub-station. The salient features are as under in table 6.

13
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Table 6. Salient features

Installed capacity of 2 x 400 kVA

Net power to be fed into the grid 500 kwW
Consumption of diesdl 97 ml/kWh
Consumption of biomass’kWh 1.2 kg of biomass
Fuel cost Rs.1.5 per kWh
Hours of operation 16 hours/day

Power generation potential 300 lakh units/annum
GEB purchase price Rs.2.25/units

144 Location

When the proposal for a demonstration power project was mooted, village Kothara was
selected as the project site from among two other sites, Moti Sindhodi and Nalia, for the
various advantages it offered. Biomass feedstock comes here from the Kuch Energy
Plantation sites. The project has a status of a National Demonstration Project with a
significant R& D component.

The Kothara Biomass Power Plant is located in village Kothara, taluka Abdasa, district
Kuch. Kothara is 80 km from Bhuj, the district headquarters, and at a distance of 1.2 km
from the GEB gridline of Kothara's 66 Sub-station. This closeness to the gridline is one
of the most critical plus points for the selection of Kothara site since grid connectivity
costs were eliminated and the project investment based on a preliminary survey came
down drastically. The analysis also brought down the transmission costs considerably
since T & D losses were very low. The recurring expenditure also dropped considerably.
Kothara is located at a distance of average 20 km from each of the GEDA Energy
Plantation sites at Moti Sindhodi, Lathedi and Kosha. This reduces transportation costs of
the feedstock to the power plant site. The database generated will help study the techno-
economic feasibility of large capacity biomassbased generation on grid parallel
operation with GEB. Kothara was also selected because the load at the GEB Sub-station
at Kothara was the minimum amongst the other sub-stations in the taluka, and it allowed
easy and more viable grid connectivity.

The fact that the land for the Power Plant was available on easy terms very near the Sub-
station (1.2 km) also considerably reduced the cost of the transmission line installation
for the project and therefore, made K othara an attractive proposition.

1.4.5 Capacity details

The demonstration plant is equipped with asingle unit of 500 kW gasifier. It has state-of-
the art electricals including control panels, transformer, synchronizing equipment with
complete safety systems for grid paraleling. The plant is equipped with extensive
instrumentation, data logging and laboratory materials. It is the first such project in the
country and will prove conclusively that if such projects are set up in appropriate

14
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locations with proper organisational infrastructure, rural areas can benefit from them on a
long-term basis.

146 Power froma Mad Tree

Prosopisjulifloraor gando bawal (the mad tree) was introduced in Kuch in the 1950s and
1960s to check the spread of the Little Rann of Kuch. Now the problem is the thorney
tree’s unrestricted spread in the shrinking pasturelands of Banni, which is losing its
pastures at the rate of 2673 ha per year to the gando bawal, as data from Indian Remote
Sensing Satellites has shown. The gando bawal is a highly aggressive tree. It coppices
well — annual average growth has been recorded to be up to 3-5 meters. It thrives in
difficult physical conditions, and due to its ability to strike root and flourish in highly
degraded soils.

1.4.7 Learning and experience

o] Due to severa reasons, the project did not sustain:

0 Collection and transportation of thorny biomass from alarge geographical area,

o] Poor quality of the local grid,

o] Constrains due to dual-fuel mode, particularly 30% of the diesel cost and certain
logical problems of organising it to the site,

o] Miss-match of the existing load and installed capacity.

It is, therefore, proposed to go for a 100% gasifier based power generation system and to
improve the quality of the grid.

15 Case study: Kasai Village electrification with 100% biomass [REF 5]

151 Location

Kasa is a remote triba village in the Betul District of Madhya Pradesh in India. In
Madhya Pradesh, eleven such villages were selected to electrify using biomass gasifier
system under the electrification programme of the Ministry of Non-conventional Energy
Sources (MNES).

152 Participation of the local community

o] Participation of the local community was ensured after detailed group discussions
at theinitia stages of the project.

o] Active participation is essential for wood collection and day-to-day operation and
maintenance of the system.

0 Community participation in overall system management.

153 Village Energy Committee

0 A Committee comprising 11 members (of which five women) were constituted.

o] A village energy fund was created by contribution from al the users.

o] A sum of Rs.120/- per month per household was collected to meet the expenditure

on operation and maintenance of the system.
o] A Village Energy Committee (VEC) was set up by the Gram Panchayat.
o] The VEC was responsible for operation and maintenance of the system.

15
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o] Fixation and collection of user charges and overall management.

154 Project execution and capacity building

A 10 kWe 100% biomass based power generation project was executed in May 2005 and
commissioned within two months by the local Forestry Department.

155 End-users and benefits of the project
o] Lighting of households, school, and streets.
o] Bring music systems and television into the village for entertainment.

o] 10 haof land around the village is planted with fast growth species to ensure
sustai nable biomass supply.

o] Oil expellersto produce bio-oil from Jatroppha seeds is under planning stage.

o] Flour mill, water pump, milk chilling units are also being planned.

1.6 Case study: Electrification of Gosaba lsland [REF 6]

16.1 Location of the Gosaba Island

Gosaba Island is one of the 54 inhabited islands (out of atotal of 104 islands) in the
Sundarban Delta. The Sundarban Delta comprises of a region nursed by rivers and
rivulets. The delta comprises 19 blocks and 2 districts, namely North 24 Parganas and
South 24 Parganas, having a total about 40 lakhs. The cropping pattern here depends
almost completely on monsoon, and the areaislow line.

After independence, the overall progress of the people remained severly hindered due to
absence of electric power in the region. The conventional electric power line had not
reached the region due to its geographical location, and also because most of these places
are separated from the mainland by wide rivers or creeks. The establishment of a TPP
(thermal power plant) for generation of electricity was also not possible due to
unavailability of coal.

1.6.2 Prior to installation of gasifier system

Before this power plant was established, electricity was available to only a few houses
situated near some specific shops or market places, which was generated and supplied for
three to four hours by means of small diesel generators. An amount of Rs.4 per day was
realised from the customers on per point (40 watt bulb or tube light) basis, which was a
very high rate (present level Rs.18 per kwWh), when the base price of diesal hovered
around Rs.9. Kerosene oil-generated illumination was the only source of light for the
students for studying at night.

The details of |ocation of Gosaba Island are given in table 7 below:

16
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Table 7: Site details

Address of site Gosaba Biomass-based Power Plant Complex,
Gosaba Rural Energy Development Cooperative Society Ltd,
Gosaba, South 24 Parganas
West Bengal

Block and district name Gosaba Block under 24-Parganas (South District, West
Bengal)

No. of mouzas 50

No. of anchal 14

Area 165 km*

Total population 2,55,000

No. of primary schools 165

No. of high schools 41

No. of colleges 1

No. of health centres 3

Access to rail head/road The nearest railway stations are Howrah and Sealdah. Road
distance from Kolkata to Sonakhali is 107 km, and waterway
distance between Sonakhali and Gosaba is about 10 km.
Diesel engine-dirven launches / mechanised boats operate
between Sonakhali and Gosaba and take about 60 minutes to
reach Gosaba from Sonakhali

Location Adjacent to Sir Hamilton's Estate

Geographical coordinates Latitude —22°12' N
Longitude—88°48' E

Sail type Normal soft soil

Meteorological parameters :

o] Total no.of sunny daysinayear | 250

o] Partially sunny daysin ayear 65

o} Maximum wind velocity 200 kmph

0 Annual average wind speed 16 kmph

Cyclones hit the area four times ayear on an average

The plant was commissioned on 20" June, 1997 under the joint collaboration of the state
and central government. Tree branches, twigs, barks, etc., are the basic fuel as an
aternative to coal, and diesel is the support fuel. Local people caled it the wood-
electricity plant.

1.6.3 Post-installation of the gasifier system

Awar eness among villagers

After surveying the rural scenario, it was concluded that it would not be possible to run
the wood-electricity plant without involving local people. However, it entailed the
necessity to impart training to the loca boys. Door-to-door visits were made, and
complete briefing about the various aspects of the project was given to the loca
panchayat representatives, who in turn further briefed the local people about it. A series
of meetings was organised to generate awareness on the technology, its limitations,
advantages, need for energy plantation, etc.
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Resistance from local diesel suppliers

Apprehending the discontinuation of their meagre income, the local diesel operators
initially opposed the setting up of the power plant. Later, the experienced among them
were employed as operators in the gasifier power plant. The land (five bigha) for setting
up of the power plant was granted by the Panchayat Committee and the Gosaba Hamilton
Trust.

164 Rural Energy Cooperative

The West Benga Renewable Energy Development Agency (WBREDA) formed the
Gosaba Rural Energy Development Cooperative Society Ltd in the year 1996. There are
13 board members. 6 elected members and 7 nominated members. All the prospective
consumers became members of the cooperative society and with that they got a voting
right. The first Board of Directors was nominated by the government. Subsequently, after
three years, elections took place, and the consumers elected the Board of Directors.

The Rural Energy Cooperative, in their meeting decides which areas should get priority
for the distribution line and requests WBREDA to draw the distribution line accordingly.
It also decides the tariff. Generaly, they review the tariff according to the interest of the
plant. The lines are cut on non-receipt of payment of a bill from a consumer, and re-
connection is granted only when the customer pays an amount of Rs.100/- for such
connection. The monthly power bill from all individual customers is collected (as per
energy reading in the individual meter) by the cooperative, and it is a matter of pride that
there has been no instance of theft of electricity from this power plant, as also defaulters.
The management under the earlier, as well as the incumbent chairman of this cooperative,
has managed, or is managing the day-to-day affairs of the power plant with great skill.
WBREDA remained in the background as a technical service provider.

1.6.5 Energy Plantation

At Gosaba, the energy plantation work was undertaken right from the planning stage of
the power plant. Trees were planted in 71 hectares of low-line river bank silt beds (charr-
land) under the tutelage of the local Panchayat Samiti, Block Development Officer, and
the Chairman of the Cooperative so that no scarcity occurred in securing the stock of the
main fuel ingredient (wood). Generally, it takes five years for harvesting of captive
energy plantation. The initia three years are the load growth period as the number of
consumers is less. Biomass consumption during that period is comparatively low.
However, thisisto be arranged locally.

1.6.6 System details

The details of biomass gasifier power plant that was installed, are given in table 8 below
and the names of the electrified hamlets in Sunderban is given in table 9 below.
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Table 8 Details of gasifier system

Annex 2

Capacity of the power plant

5 x 100 kW

Type of gasifier

AG 100

Capacity of engine

154 BHP, 1500 RPM Crompton Greaves make

Alternator

125 KVA, 1500 RPM; Power Factor: 0.8 Crompton
Greaves make

Total project cost

Rs.100 lakh

No. of consumers

Domestic/commercial/industrial

Duration of operation

10 am. to 12 noon

Tariff structure

Rs.5 / kwWh for domestic

Rs.5.50 / kWh for commercial

Rs.6.0 / kWh for industrial (telephone exchange is the
only industrial consumer)

Generation voltage

415 volts, 50 Hz

Distribution voltage

11000 volts

Length of the distribution line

High tension : 20.25 km (approx.)
Low tension : 18.67 km (approx)

Type of transformer:

Step up
Step down

2x 315 kVA, 0.400/11 kV, 3 phase, 50 Hz
4 x 100 kVa, 11 kv/400, 3 phase, 50 Hz

For distribution of power :
o0 Switch gears

0 Energy plantation area
0 Species

o Typical fuel consumption pattern under

full-load condition :

0 Biomass—0.9 kgto 1 kg per unit

0 Diesdl —100 ml per unit
0 Operationa agency

11 kV manually operated GO switch and drop out fuse
71 hectares

Byne, Kakra, Garjan, etc.

Gosaba Rural Energy Development Cooperative

Society Ltd

0 Main technology backup unit WBREDA

Table 9: Names of the electrified hamlets
S Village Area (ha) No. of Population

No. household Mae Female Total

1 Gosaba 379 1113 2887 2601 5488

2 Arampur 477 1264 3320 3046 6366

3 Rangabelia 527 650 1852 1735 3587
1.6.7 Socio-economic benefits
o] The availability of electricity has allowed students to study at night and secure

good results in examination.

o] Small-scal e industries— lathe machine units, boat-repairing works, and grill

welding — and domestic iron implements sharpening machines and machines to
grind spices like chilli and turmeric, using automated el ectricity-operated
machinery have been established in the region.

19
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An operation theatre has been made functional in the Government Health Centre
in the Island. With the availability of refrigerators, it has become possible to store
life-saving vaccines or medicines.

Electricity operated pump motors for the purpose of irrigation and cultivation of
crops.

People are able to watch sports and other programmes on cable television, which
were not thought to be possible earlier. Cinema shows are being organised by the
local video parlours.

A computer-training institute has started functioning in Gosaba.

Electric sewing machines are being used to manufacture fishing nets for the
fishermen.

Case study: Remote village el ectrification of Jemara villagein Orissa

Introduction

TERI works on design and development of biomass gasifier system for thermal and
power generation purposes. Gasifiers with various capacities ranging from 10 kg/hr to
300 kg/h, is working in the field. One of the case study presented here is on a village
electrification project. The project is to provide electricity to a remote village in Orissa

state.

1.7.2

1.7.3

174

Location details:

Name of the village
Distance from nearest city
Population of the village
No. of households

Project details:
Capacity of the Gasifier System
Capacity of the Genset
Peak |oad
Minimum load
Duration of operation
Fuel used
Power produced
Specific Fuel Consumption
Date of commissioning
Budget layout

Operation details:
Number of households el ectrified
Lighting
Average load
Other requirements

Jemara

80 km from Bilaspur
above 500

120

20 kg/h
15kVa

9 kW

6 kKW

4 hours

80 — 90 kg/day

1.7 - 1.8 kg/kWh (Range)
13" February, 2005
Rs.9 lakhs

115

1600 hrsto 2200 hrs

6to 7 kW

Rice huller and Oil expeller
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