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Scaling up Biomass Gasification Projects under
Clean Development Mechanism in India

Introduction
The Clean Development Mechanism (CDM) of the Kyoto
Protocol provides Annex-I (industrialized) countries with an
incentive to invest in emission reduction projects in non-
Annex-I (developing) countries to achieve a reduction in CO2

emissions at lowest cost that also promotes sustainable
development in the host country. There is tremendous interest
amongst Indian project promoters, financing institutions, and
other stakeholders in the CDM related opportunities. The
Indian Designated National Authority (DNA) has approved
396 project proposals with annual CER potential of over 33
million tonnes and these have been registered by the CDM
Executive Board (EB) until February 2009. The wide range
of possible project types/sizes in India allows international
buyers to find the projects of their choice or to define a broad
portfolio to reduced risks. There is a large potential for
renewable energy generation from agriculture wastes, in
which projects based on gasification of agricultural residues
could be of interest under the CDM. This is mainly because

they directly displace greenhouse gas
emissions while contributing to
sustainable rural development. However, there
is only one biomass gasification based power generation
project registered under the CDM so far.

Biomass power is an important alternative for providing
energy in the rural sector. The Indian Ministry of New and
Renewable Energy (MNRE) is promoting productive and
efficient utilization of biomass for energy generation. The
national programme on biomass power generation covers
the following:
� to promote off-grid power projects for meeting unmet

demand of electricity in electrified villages,
� to support grid interactive MW level power project with

100% producer gas engine with an objective to meet the
unmet demand of electricity in villages,

� to develop and support demonstration projects (for 100%
producer gas engine) coupled with gasifier for both off-
grid and grid power operation, and

� to support and thus enlarge activities, through awareness
creation, publicity measures, seminars/workshops/
business meets/ training programmes etc. This programme
is being implemented through State Nodal Agencies
(SNAs) with an active involvement of Energy Service
Companies (ESCOs), Cooperatives, Panchayats, NGOs &
manufacturers etc.

MNRE has been supporting development and deployment
of biomass gasifiers for almost two decades. Consequently,
a variety of biomass gasifier based power generation systems
of capacities ranging between 5–1000 kWe have been
developed indigenously. Most of the biomass gasification
systems for electricity generation installed up to 2002–2003
were based on dual-fuel engine technology. However, in
recent years installation of biomass gasifier systems equipped
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with engines operating on 100% producer gas have also been
taken up (MNRE, 2008). Till January 2009, the cumulative
installed capacity of biomass gasifier systems with aggregate
capacity of 160.31 MWe have been deployed so far in the
country (www.mnre.gov.in).  MNRE is providing capital
subsidy to the users for installation of biomass gasifiers. The
amount of capital subsidy on pro-rata basis during 2006–
2007 was to the extent of Rs. 1.5 million for a basic package
of a 100 kW biomass gasification projects covering civil work
and local electricity distribution network for electricity
generation. The central financial assistance (CFA) is being
routed through SNAs.

Biomass Gasifier Technology
Biomass can be utilized through three different processes for
energy conversion: gasification, pyrolysis and direct
combustion. Gasification is the thermo-chemical process of
obtaining energy from solid matter in a gaseous form. In
principle, the process is a thermal decomposition of organic
matter in the presence of limited supply of air or oxygen to
produce combustible gases thus converting the calorific value
of organic material into a gaseous energy carrier
(Ravindranath and Hall, 1995). In contrast to complete
combustion of solid carbonaceous material, the process of

pyrolysis refers to combustion in a deficient supply of air/
oxygen. Direct combustion of biomass is an important route
for generation of grid-quality power by efficient use of
agricultural, agro-industrial and forest residues, which are either
being wasted or are being sub-optimally utilized in the country.
Amongst all biomass conversion processes, gasification is one
of the most promising technologies as the energy efficiency in
case of gasification is higher than that of combustion.

A biomass gasifier based power generation system normally
consists of a biomass gasifier, a gas cooling and cleaning
unit, and a dual-fuel engine electrical generator as shown in
Fig. 1. The design of the gasifier depends upon the type of
fuel used and whether the gasifier is portable or stationary.
Within the Indian market, generally, downdraft gasifiers are
available due to utilization of mechanical mode. The
biomass-gasifier is usually a cylindrical unit with a conical
combustion chamber made of mild steel. A biomass
processing unit is used to cut the collected biomass to a proper
size for feeding into the biomass gasifier. Once fed into the
gasifier, the biomass undergoes drying, pyrolysis, oxidation
and reduction reactions in a limited supply of air, to produce
a combustible mixture of carbon monoxide, hydrogen and
methane; diluents viz. carbon dioxide and nitrogen; and tar
and ash. The biomass is fed from the top and its gasification
takes place under controlled thermal conditions. The gaseous
product of biomass gasification is known as ‘producer gas’,
which is passed through a cooling and cleaning unit before
feeding into the diesel engine. The cooling and cleaning unit
consists of a scrubber and a separate box with a cloth filter.
Tar and ash are removed in the cooling and cleaning unit of
the gasifier system as they adversely affect the operation and
performance of the engine. The scrubber mainly cools the
gas and removes coarse particulates, and the fine dust
particulates are removed through a filter in a separate box.
The clean and cool gas is mixed with air before entering the
engine-generator unit to produce electricity. About 65-70%
of the diesel may be replaced by the producer gas in a diesel
engine operating in a dual-fuel mode. In the dual-fuel mode
operation of the engine, diesel or bio-diesel can be used as
pilot fuel and producer gas is used as the main fuel. However,
in 100% producer gas mode of operation, an appropriate
provision has to be made for initiating combustion. Use of
locally produced bio-diesel as pilot fuel can completely
eliminate dependence on diesel, especially in remote
locations, where transportation of diesel itself may be a
difficult task. The electricity generated through the biomass
gasifier based power project is distributed to the consumers
through a local mini-grid.
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How CDM could be Applied to the Large-
Scale Dissemination of Biomass Gasification
Projects?
Small-scale renewable energy and energy efficiency projects
are helping to meet the needs of rural people in developing
countries, alleviating poverty and fostering sustainable
development. However, low emission reductions per
installation are making it difficult for such projects to derive
value from participating in the CDM. Negotiators of the
Marrakesh Accords of November, 2001 as well as the CDM
EB recognized this problem and adopted simplified CDM
modalities and procedures for qualifying small-scale projects
defined as:
� renewable energy project activities with a maximum

output capacity equivalent of up to 15 MW
� energy efficiency improvement project activities which

reduce energy consumption by an amount equivalent to
60 GWh per year

� other project activities whose emission reductions are less
than 60 kt CO2 per year.

The thresholds for the latter two categories were increased
by a decision of the 12th Conference of Parties (COP-12) to
the UNFCCC, in November 2006. However, the current

design of the CDM is resulting in high transaction costs to
individual small-scale projects even with the simplified rules
(Purohit and Michaelowa, 2007). Cost can be reduced by
bundling similar small projects into a single project that is
still eligible for the simplified procedures. Fig. 2 shows the
number of different project size categories of the 4660 CDM
projects submitted until February 2009, of which 1424
projects have been registered by the CDM EB and 57 projects
were seeking registration (http://unfccc.int). Out of the 1424
projects registered by the EB, 395 projects were located in
India. However, only one project on biomass gasification,
entitled ‘Bundle of 100 village biomass gasifier based power
plants totaling 5.15 MW’, for Decentralized Energy Systems
India Pvt. Ltd. in Bihar, is registered so far by the CDM EB.

Baseline
The ‘reference case’ is the energy supply scenario used to
define the baseline situation for calculating the GHG
emissions, which would be expected in the absence of the
installation of biomass gasification projects. The selection of
the reference case will have a big impact on the amount of
emission reductions that can be credited to the installation
of biomass gasification projects. The CO2 emission mitigation
benefits associated with a biomass gasifier based power

Figure 1: Schematic Diagram of a Biomass Gasifier based Power Generation System
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project depend upon the amount of electricity and/or diesel
saved. To estimate the CDM potential of biomass gasification
projects in the country the small scale methodology AMS-
I.D. “Grid connected renewable electricity generation”, in
its version of 23rd December 2006, has been used.  This
explicitly mentions biomass power for electricity generation.
For grid connected biomass gasification projects, the baseline
is the kWh produced by the biomass gasifier unit multiplied
by an emission coefficient (measured in kg CO2equ/kWh)
calculated in a transparent and conservative manner.  As per
the small scale methodology AMS-I.D for a system where all
generators use exclusively fuel oil and/or diesel fuel, the
baseline is the annual kWh generated by the renewable unit
times an emission coefficient for a modern diesel generating
unit of the relevant capacity operating at an optimal load.
For all other systems, the baseline (measured in kg CO2e/
kWh) can be calculated in a transparent and conservative
manner as: (a) a combined margin (CM), consisting of the
combination of operating margin (OM) and build margin
(BM) according to the procedures prescribed in the
approved methodology ACM0002, or (b) the weighted
average emissions (in kg CO2e/kWh) of the current
generation mix.

Additionality
To maintain the environmental integrity of the Kyoto Protocol,
CERs are given only for “additional” activities that would

otherwise not be expected to occur. The ‘additionality’
criterion for the CDM is a key to ensure that CDM projects
lead to real and additional emission reductions. Therefore,
any CDM project requires careful analysis of additionality
which has probably been the most contentious point in the
development of the CDM and also resulted in great confusion
amongst project developers. A number of different
approaches, including those based on financial barriers and
market-penetration criteria have been suggested as a test for
additionality. The Kyoto Protocol stops short of requiring
project proponents to show strict financial additionality - that
the CDM revenue makes an uneconomic project economic–
and had left scope for the CDM EB to refine the demonstration
of additionality. The EB subsequently took a fairly strict
interpretation of additionality and additionality tool which
is voluntary by nature.  However, it has become defacto
mandatory as it was incorporated in most of the baseline
methodologies. The additionality tool requires an investment
analysis and/or a barrier analysis to determine whether the
CDM project is the most attractive realistic alternative. This
means that the project can be profitable and additional as
long as developers can show that another project type was
even more profitable. However, concerns have been raised
with methods currently used, such as investment analysis,
barrier analysis, and performance thresholds. They have been

Figure 2: Size Categories of Submitted and Registered CDM Projects (average 1000 CERs p.a. until end of 2012)

Contd. on page 7...
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Experiences with Cogeneration Plant in Uganda
– A Case Study

Background
The sugar industry in Uganda is still in a developing stage. In
fact, Kakira Sugar Works (1985) Ltd. (KSW) is the first sugar
factory in Uganda to put up the cogeneration plant in the
whole of East Africa.  The sugar industry in Uganda has not
been affected by the global competition at present. However,
it has to control the increasing energy costs, reduce the
production cost and also enforce strict regulatory norms to
compete globally. In view of these challenges, cogeneration,
one of the best proven ways of controlling the energy costs
has been adopted at KSW. This is because cogeneration can
produce heat and electrical power simultaneously with an
effective balance. It is equally true that the Uganda based
sugar industry is old,  but it  has not adapted to the latest
modern technologies and trends so far.  Taking a strong cue
from it, KSW took the initiative of changing such past trends
and went for the first cogeneration plant in East Africa. The key
advantages are that power produced from bagasse is a clean
source of power and selling carbon credits under the Kyoto
Protocol is an additional incentive for the sugar industry.

Key Attributes of KSW Cogeneration Plant
KSW , installed its integrated sugar cogeneration plant in
the year 2007 in Kakira, in the Jinja area of Uganda.The
operating capacity of the plant, at present, is 6000 TCD.
The capacity of the cogeneration plant is 28.6 MW.  It
incorporates the most modern controls and systems.
Following the installation of the cogeneration plant, the
steam consumption of the sugar factory reduced by 6%
i.e. from 52% to 46% of cane.  We are still studying the
possibility of reducing the steam consumption in the plant

to 40% of cane.  If realized, it would help to export the
surplus power of 4-5 MW to the local grid. At present
KSW has entered into a power purchase agreement (PPA)
of exporting power of 12.0 MW for 24 hr on capacity
basis.

The company also plans to increase the existing cane
crushing capacity to 7000 TCD and power export of 20 MW
to the Uganda grid. Our plant has got two high pressure
boilers of 45 ata, 520oC with a well equipped DCC system
for steam generation.  The boilers have been supplied by
ISGEC John Thompson from India and their ethanol efficiency
is about 60%.

Cogen Plant Details
KSW uses only bagasse as a fuel in the boiler which has a
travelling grate to increase the combustion efficiency.  A spray
type attemperator controls the output steam enthalpy.  All
the fan drives have been changed to VFD’s so as  to reduce
the auxiliary power consumption. Following are the most
important details of the key system components such as boiler
and turbine etc.

Boiler Details
Net steaming capacity - 50 TPH
No. of boilers - 2
Boiler type - Bi-drum, top supported,

travelling grate boiler
firing bagasse

Steam pressure at MS SV - 45.9 kg/cm2 (g)
Steam temperature at SH O/L - 510 + 5oC
Heating surface - 2633.50m2

Feed water temperature - 105oC
Make - ISGEC John Thompson

Salient Features of Boilers
The boilers used for the purpose offer conservative volumetric
loading of furnace. This ensures:
� Adequate residence time hence efficient fuel combustion
� Load furnace exit gas temperature to avoid fouling due to

alkali content in bagasse.
Convective super-heater designs which:
� Eliminate burning fuel particles in super-heater zone
� Minimize fouling potential of ash due to tower temperature

as compared to radiant one.

I N T E R N A T I O N A L
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� Eliminate super-heater overheating during start up.

Conservative grate area loading to ensure efficient
combustion of fuel.  Continuous front ash discharge traveling
grate, spreader stoker eliminates pressure fluctuations during
ash removal.

Boiler combustion chamber and end rows of boiler bank
tubes are of membrane panel construction.  It has reduced
the use of refractory which eliminates leakages and enhances
boiler efficiency to 68%.  This also eliminates cumbersome
maintenance.

Two pass boiler bank with minimum baffles to achieve low
flue gas velocity, lower tube erosion and less draft loss.

Top supported boiler, ensure expansion of pressure parts in
the direction of gravity, minimizing changes of tube cracking
at joints.  Adequate soot blowers have been provided in super-
heater, boiler bank and economizer region for efficient on-
load cleaning of heating surface.

Super-heater coils are all with wide pitching to minimize
fouling.  A spray type attemperator controls the output steam
enthalpy.  Sub cool condenser condensate water has been
used in attemperator to get good quality of steam.

A sieve tray type wet scrubber has been installed to
control pollution and obtain emission rate of 100 mg/
Nm3.  This unit comprises back wash / spray wash line,
sieve tray slurry pumps followed by clarification plant.
The purpose is to separate out the captured smote (dust
particles) from the slurry water.  The clear water is once
again passed to the wet  scrubber through the
recirculation pump.  The wet scrubber is relatively low
cost and has minimal maintenance needs as compared

to other dust collecting systems like multi cyclone or
electro-static precipitator.

The plant is also well equipped with DCS for smooth
operation and data generation.

In addition to this, the plant has all necessary auxiliary systems
such as fuel storage of 5000T capacity and handling system
besides RO plant.

Turbine Features
Make - TDPS
Capacity - 21.1 MW
3 ata - Controlled extraction
8 ata - Bleed cum wander extraction
Speed - 5000 rpm
No. of stages - impulse  -  2

HP reaction   - 2
LP reaction - 8

Operational Characteristics
This is a double extraction cum condensing set suitable for
extraction mode operation. It has maximum extraction of 52
tph of LP and 15 tph of MP bleed.  It has been installed with
the latest vibration on-line monitoring system and fast
response electronic wood ward governor.  The turbine is
suitable for a straight condensing mode (maximum flow to
the condenser is 65 ton).

During condensing mode, the specific steam consumption
is 4.0 T/MW and during extraction mode, it is 4.6 T/MW.
The alternator is designed to withstand the harmonic currents
produced during Thyristor switching. Initially, the T.G set used
to trip during home load conditions and it was sorted out by
removing some of the unwanted interlocks during
synchronization with the grid. Likewise, the TG set used to
trip due to high reactive power. This was sorted out by
increasing the time setting of the relay as reactive power
reduced under actual load conditions.

Fuel Consumption
About 2.2 kg bagasse is required for 1 kWh of generation
during the season.

Power Evacuation
The power being generated is at 11 KV, which is then stepped
up to 33 KV level.There is a separate line connecting KSW

Contd. on page 8...
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variously critiqued for high costs, resistance to
standardization, weak environmental integrity, and
susceptibility to gaming.

For biomass gasification projects, two potential risks viz.
technological and financial risks are possible. Uncertainties
in gasifiers and/or system performance constitute the
technological risk whereas uncertainties in the recovery of
user charges, in the absence of the mechanisms, constitutes
the financial risk. For example, tar formation due to the
pyrolysis of biomass; the increase in moisture content of the
biomass would increase the tar formation. The tar formation
level is very low in downdraft gasifier as compared to updraft
gasification even though it requires a fine cooling and
cleaning system to reduce the quantity of tar, particulate
matter and moisture in the gas before being supplied to the
engine. The tar content of the producer gas can be reduced
by the increase of the airflow rate. The cooling and cleaning
of producer gas is another major barrier for this technology.

There is always a constriction at the level of the oxidation
zone to force the pyrolysis products, through a concentrated
high temperature zone, to achieve complete decomposition.
This concentrated oxidation zone can cause sintering or
slagging of ash resulting in clinker formation and consequent
blocking of the constricted area and/or channel formation.
Continuous rotating ash grates or other mechanical shaking
may be required to avoid this problem. Similarly, the financial
risk due to an erratic increase in the price of biomass is
possible that is attributed to an expected increase in price of
biomass transportation cost due to increase in diesel price.
An analysis of the 6 projects on biomass gasification
submitted from India is presented in Table 1. It is mentioned
in the PDD that the project proponents experienced
investment, technology and prevailing practice barriers. None
of the project design documents (PDD’s) provide investment
analysis. Only one project submitted by Sri Gomathy Mills
clearly mentioned the impact of CDM registration (see Table
1).

Monitoring
Monitoring shall consist of metering the electricity generated

Title Prevailing Identification Institutional / Technology Common Impact of
practice of alternatives  Regulatory barriers practice CDM
barrier barriers analysis registration

9 biomass gasifier based power
plants totaling 2.25 MW � X � X X X
5 Biomass gasifier based power
plants totaling around 2 MW � X � X X X
Rice husk based renewable
energy generation through
gasification for rice mills � � X � � X
Biomass gasification based
power generation by Arashi
Hi-Tech Bio-Power Pvt. Ltd. � X X � � X
Sri Gomathy Mills – 1.4 MW
biomass gasification based
power generation and waste
heat recovery system for
captive utilization � X X � � �

100 village biomass gasifier
based power plants totaling
5.15 MW for Decentralized
Energy Systems India Pvt. Ltd. � � X � X X

Table 1: Additionality Test of Indian Projects on Biomass Gasification

Source: cdm.unfccc.int and own estimates

...Contd from page 4
Scaling up Biomass Gasification...
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by the renewable technology. For a grid connected renewable
energy project, emission reduction quantity totally depends
on the units wheeled to the grid. The approved consolidated
baseline methodology ACM0002 covers the monitoring of
units wheeled along with the other parameters thus affecting
the power export and CO2 emissions. For projects consuming
biomass, a specific fuel consumption of each type of fuel
(biomass or fossil) to be used should be specified ex-ante.
The consumption of each type of fuel shall be monitored.

Leakages
According to the general guidance of the Appendix B of the
simplified modalities and procedures for small-scale CDM
project activities, biomass project’s leakage shall be
considered (para. 8) only within the boundaries of non-
Annex-I Parties (see: para. 9). Leakage is defined as the net
change of anthropogenic emissions by sources of GHG which
occurs outside the project boundary, and which is measurable
and attributable to the CDM project activity. It occurs when an
emission reduction from the project directly or indirectly
causes emission increase at other locations or times. Leakage
due to diversion of fuel from other uses is likely here. Wood
from forests, eucalyptus, and agricultural residues are normally
used as fuel and raw material in the Indian context.
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and the sub-station, which is 14 km. away from the switchgear
protection system. The distribution system has been supplied
by M/s Siemens India, Mumbai.

Heart of the Plant
KSW has installed the latest version of distributed control
system (DCS) from Yokogawa, India for boiler current. It has
one engineering station and two operating stations.  Due to
user friendly logic, the plant requires minimum manpower.
For the turbine control, TDPS has installed GE Faunec PLC

system for load control besides controlling steam parameters.
This system has helped to reduce the maintenance problems
to a good extent.

The Final Gain
KSW is now eligible for getting carbon credits under the Clean
Development Mechanism (CDM) of Kyoto Protocol.

...contd from page 6
Experiences with Cogeneration Plant...
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Rural Empowerment and Mitigating Climate Change via
Setting up of Green Power Plants

Background
India’s 8 to 10 percent growth per annum of GDP (1) has
been predominantly due to growth in its industrial
production, infrastructure, real estate, services, transport and
FMCG sectors. Growth in some of the sectors like agriculture
and health has been abysmally slow. The accelerated growth
of the economy has seen the energy demand increasing at a
steady rate of 7 to 8 percent per annum.

The increase in demand of electricity and petroleum products
has mounted enormous pressure on the fossil fuel reserves
of the country. India imports nearly 90 percent of its total
requirement of petroleum products. Domestic reserves of coal
supply 453 MMT per annum which meet only 60% of the
total energy requirement. 50 MMT of coal is imported per
annum (2). The accelerated growth in demand of electricity
would trigger the establishment of more coal based thermal
power plants. Power ministry has already planned the
capacity addition in thermal sector for the 11th and 12th
plan period. The coal use is expected to rise from 503 MMT
in 2007-08 to 731 MMT in 2011-12 (3).

Increased consumption of coal for generation of electricity
and ever-growing consumption of petroleum products in the
transport as well as industrial sector has put India as the fourth
largest emitter of greenhouse gases globally. With 1.34 billion
tonnes of CO2 emission, India can ill afford to pursue the policy
of encouraging more energy generation from coal based thermal
power generation units to meet the whopping requirement of
6,00,000 MW of electricity demand by 2030 (4). It is imperative
that the country switches over in a phased manner, to alternative
sources of  energy. It would be ironical to think of reduction of
emission without squeezing internal demand with adoption of
energy conservation measures as well as a stringent policy to
streamline economic use of the precious energy base. It would
also be difficult to address the issues of green house gas
emissions by restricting industrial growth.

Growth, in its holistic approach, has a synergetic relationship
with energy demand and its availability to meet the growing
needs. In a demanding situation like this, what is required is
to re-orient the country’s industrial policy as well as energy
generation policy. Perhaps, more emphasis on less energy

intensive but high value product industries would be more
acceptable. Similarly, the energy policy of India needs
to be revisited to plan more generation from natural/
renewable sources energy like Biomass, Solar, Wind
and Small hydro sources.

In a paradoxical situation where development and
environment are opposing each other, there is a need to
realign India’s energy generation policy to generate more
energy from low carbon or renewable sources of energy and
make it available for industrial consumption. Use of clean
energy technologies would meet the growing concerns about
the environment, maintain the reasonable industrial growth
and meet the growth in the employment sector. The thrust
therefore is to re-orient the strategy of development from coal
based power generation towards clean and green technologies.

The growth of towns and cities has adversely impacted the
geographical distribution of population. This is a world wide
phenomenon and in India too, a major concentration of
industries are to be seen in and around big cities (5). Very
little effort has been made to take the industries to the farflung
remote areas where they can inject development by inducing
economic/commercial activities that could ensure more
employment opportunities for the rural youth. The wide
disparity between the socio-economic development of rural
India and urban India has catalyzed large scale rural migration
to the urban city centers in search of employment.
Overcrowding of the city centers beyond the planned capacity
is bringing in additional pressure on the civic amenities and
critically upsetting the balance between demand and supply.
Any further delay in taking the development to the poor living
in villages may prove catastrophic.

For all round development of the country, one has to think
of developing the rural villages, where 70% of the country’s
population lives in abject poverty. The main reason for the
economy of rural villages not being developed is lack of
infrastructure and unemployment at the village level.
Commercial and economic activities leading to enhancement
of income in rural households have remained invisible due
to inaccessibility to the basic ingredients of development viz.,
energy and other infrastructural facilities.
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Proposal
In the present paper, an attempt has been made to secure
energy for each and every village leading to the sustainable
development of India’s rural sector, without increasing the
carbon footprint. Simultaneously, production of electricity
and bio-diesel from renewable sources like solar, biomass
and tree borne oil seeds would ensure the country’s energy
independence till 2030- 2050.

The financial and implementation details have been
developed for one village and named “GREEN POWER
PLANT”. The Green Power Plant (Annexure I) has not taken
into consideration any Governmental financial/fiscal
incentives or subsidy into account. The accrual of benefits
from CDM have also not been taken into account.
Financial/fiscal benefits from the Government and also
CDM benefits would further increase the profit margin of
the private investor.

The Green Power Plant (GPP) envisages the establishment
of grid connected 4 X 100 KW biomass gasifier for generation
of electricity. In addition 1 X 100 KW generator to run on SVO
or bio-diesel. For providing raw material to the gassifier and
the bio-diesel plant a dedicated plantation of over 200 ha is
suggested at each of the sites where this GPP is being set up.

Out of 6,48,000 villages in India, even if this attempt is made
in 5,00,000 villages, as additional 2.5 lakh MW of electricity
can be generated inducing massive employment
opportunities and all-round socio-economic development
in the region. The present scenario of acute un-employment
and abysmally low per capita income of each of the
households is bound to take a u-turn. As a result not only
would the rural migration get restricted, it would also create
an atmosphere empowering villages as power producers and
attracting massive investments from the private sector to
develop other infrastructure facilities in the villages.

GPP Project Highlights
� A small project Green Power Plant ( GPP) of 500 KW

capacity producing 3.3 million units per village in a
decentralized manner, in 5,00,000 accessible villages
would produce 1650 billion units of electricity, equivalent
to 2.5 lakh MW countrywide, annually.

� One single GPP Project produces enough Straight
Vegetable Oil (SVO) to cater to the needs of the SVO based
application for generation of electricity, as well as bio-
diesel production, to the tune of 1,81,000 litres per village.
5,00,000 such GPPs in the country would together

produce 90.5 billion litres to meet the fuel requirement of
the auto industry.

� 200 Ha of captive biomass plantation per village for every
GPP increases the green coverage from existing 21.6% to
43.6%.

� Helps 80 million households countrywide to earn their
livelihood @ Rs.3000/- p.m. per household at an average of
160 households per village, with massive employment
generation to the tune of 2.92 X 1010 man-days per annum.

� Increase in income at the village level induces all-round
socio-economic development of the village. The project
addresses the whole gamut of energy, environment and
employment and all its nuances.

� Benefits under CDM can also be availed after verified
emission reduction certified by international certifying
agencies.

� The project does not involve land acquisition or any
displacement of the rural households.

Conclusion
Sustainable development cannot be achieved without
addressing the problems of energy, environment and
employment in the country. The proposed “Green Power
Plant Project” suggests renewable energy interventions to
secure energy independence which would be
environmentally benign and a force multiplier. It is expected
that these small power generating units would cumulatively
produce 2.5 lakh MW of electricity, 90.5 billion litres of bio-
diesel and increase the green cover from 21.6% to 43.6%.
Adoption of such a policy for generation of green energy
would help not only in mitigating climate change but also
create massive employment opportunity in rural India.
Increase in per capita income at the village level would
induce all-round socio-economic development of the villages
leading to a real empowerment of the villages.

Bibliography
1. India, 2008 – A Reference Manual (Compiled and edited

by Research, Reference and Training Division, Ministry
of Information and Broadcasting, Government of India)

2. Indian thermal coal import prospects for Australian coal,
by John Rennie, VP Energy Coal Marketing-Pacific, BHP
Billiton, Coaltrans India -13 March 2007

3. Energy and Environment, 27 November 2006, Forbes
magazine

4. Energy in India for the Coming Decades, by Dr Anil
Kakodkar, Chairman, Atomic Energy Commission, India

5. World Development Report, 2009 - Reshaping Economic
Geography (World Bank Report)



11

A N N E X U R E - I

MODEL- 1

A.  Interventions
� 400 kW (i.e. 4x100 kW)  capacity biomass gasification

based power generation to operate 24 hrs for a full year
i.e. 365 days.

� 10 kW SPV power plant to meet the auxiliary power
consumption of the power house as well as project area.

� Oil expeller for extraction of non-edible oil from oil seeds,
(produced from the oil seed bearing tree plantation) and
setting up a 1x 100 kW capacity straight vegetable oil
engine to generate electricity.

B. Project Objectives
� To promote energy generation from renewable sources

and establish the potentiality of green energy from
naturally occuring sources as a real and viable alternative
to fossil fuel. This may be seen as a potential substitute to
meet future energy demand and allows for a low carbon
foot print too.

� To sustain energy and environment together in a
complementing manner without any confrontation
between them.

� To empower the village community as an energy producer
rather than as a mere consumer.

� To create employment for rural people with an assured
income of about Rs 3000/-pm to one member of each
and every village household (assuming 120 to 160, on an
average, households in the village where the project site
is located). It will lead to direct or indirect employment of
around 160X365=58400 man-days.

� To increase green cover through plantation, utilizing the
presently available but unutilized uncultivable waste,
barren, fallow land from 21.6% at the current level to an
ideal level of 43.6%, thereby helping in atmospheric
purification and improvement of soil condition.

C. Initial Project Cost      (Rs In Lakh)
1. Equipment cost (biomass gasification

of 100 kW each 4 units)
With 2 yrs warranty and 3 years of AMC
as after the warranty period @ Rs. 60 lakh
per unit 100 kW : 240.00

2. Land cost for powerhouse as well as
office building, control room etc : 10.00

GREEN POWER PLANT (GPP 5X 100 kW)

3. Captive biomass plantation cost- 50
hectares per 100 kW. For 200 hectares
@ Rs. 10,000 per hectare for 3 years. : 60.00

4. Straight vegetable oil engine for
energy production-1 unit of 100 kW
@ Rs. 60 lakhs : 60.00

5. Step up substation, transformer,
evacuation line etc : 30.00

6. Pollution control equipments, ash
handling system and other pollution
control measures : 10.00

7. 10 kW SPV power plant to meet the
auxiliary consumption (for plant
lighting, pumps, wood cutter, office
and guest house consumption)
@ Rs.4.5 Lakh per kW. : 45.00

8. Oil expeller for production of
vegetable oil : 10.00

9. Storage tank for straight vegetable
oil for sale. : 10.00

10. Additional cost equivalent to  10%
(of the total cost) towards other
infrastructure (boundary wall, office
building, power house shed, control
room, storage room, guest house), and other
technical input costs i.e. preparation
of DPR & cost estimate for the project etc. : 47.50
Total Cost (1-9) : Rs. 522.50 lakh

D. Straight Vegetable Oil (SVO) Production
� One full grown oil seed bearing tree (jatropha, neem

karanj,simarupa variety) would produce 6 kg of oil seed
on an average (6 to 10 kg per tree). So,  in one hectare
assuming 1000 trees at a spacing of 10 ft, the quantity of
oil seed produced would be:
1000 X 6 kg per annum = 6000 kg of oil seed.

� In one kg of the oil seed, oil yield is about @ 30%, So,
total oil capacity produced is:
6000X0.3 = 1800 kg eq. or 1782 litres per hectare.

� For every green power plant 200 hectares of captive
plantation, the oil produced is:
200X1782 = 3,56,400 lts.

� Consumption @ 25 litres of SVO per hour by 100 kW
SVO engine
(at PLF of 80%) = 25x24x1x365x0.8 = 1,75,200 lts
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� Balance quantity of Straight Vegetable Oil available for
sale = 1,81,200 lts

E. Per Unit Cost of Generation of Electricity
I.  Total Project Cost
� Initial project cost = Rs. 522.5 lakh
� Recurring expenditure for operation/maintenance,wages,

overheads, consumables @ 10% per annum of the initial
project cost, for 20 years = Rs. 1045 lakh

� Transportation (biomass and other miscellaneous
expenditure) @ 5% per annum of the initial project cost
for 20 years = Rs. 522.5 lakh
Total Project Cost : Rs. 2090 lakh

II. Units Generated
� Annual energy to be generated from biomass gasification

units (400 kWX24X365 days) = 35,04,000 kWh
� Annual energy to be generated from the straight vegetable

oil engine (100 kWx24x365 days) = 8,76,000 kWh
� Plant load factor @ 80% - Net energy to be generated @

80% PLF per annum.
= 43,80,000 X 0.8 = 35,04,000 units

� Auxiliary consumption (for plant lighting, pumps,
woodcutter, office room, guest house etc) @ 5% excluding
generation from 10 kW SPV power plant.
35,04,000x0.05 = 1,75,20 kWh

� Net energy to be exported to the grid per annum for 20
years = 35,04,000 - 1,75,200
= 33,28,800 units x 20 = 665,76,000

III. Per Unit Cost of Electricity
� Cost of electricity per unit : 2090,00,000/665,76,000

= Rs. 3.14 per unit or say Rs. 3.20
� Internal rate of return @ 16% for the promoter

= Rs 0 .51 paise per unit
� Net cost per unit of energy generated

= Rs. 3.20 + 0.51 = Rs. 3.71 or say Rs 3.75 per unit

IV. Annualized Revenue Generation from the Project
� Sale of Electricity @ Rs. 3.75 per unit :

33,28,800 X Rs. 3.75 = Rs. 1,24,83,000/-
� Sale of surplus straight vegetable oil @ Rs.15.00 per litre

= Rs.15.00x1,81,200 = Rs. 27,18,000/-
� Total revenue from the project:

Rs. 1,24,83,00 + Rs. 27,18,000
= Rs. 1,52,01,000/-

V. Annual Expenditure
� Recurring expenditure for operation and maintenance,

wages, overheads, consumables @ 10% per annum of
the initial project cost. = Rs. 50 lakh

� Transportation & Miscellaneous expenditure: Rs. 25 lakh
� Repayment schedule per annum: Rs. 70 lakh
� Total Annual Expenditure = Rs. 145 lakh

VI. Profitability
� Profit before Tax :

Rs.1, 52, 01,000 - 1,45,00,000
= Rs. 7, 01,000/-

� Tax @ 10% of profit : Rs. 70,100/-
� Profit after tax : Rs. 6,30,900/-

NB:
� Fiscal incentive @ 100% accelerated depreciation in the

first year, tax holidays for initial five years etc. can be
availed

� CDM benefits in carbon trading can also be availed for
the project.

Implementation Details
1. 200 hectares of only barren, fallow, uncultivable waste,

degraded forest land to be identified within a radius of 2
to 3 kilometers with the help of the local revenue inspector
and tehsil officials. Possession of the identified land is to
be handed to the private investor on a long term lease
basis for plantation activity.

2. The private promoter/developer should help in the creation
of a biomass cooperative under the Cooperative Society
Registration Act taking one member from every household
of the village. The village head/sarpanch and the
panchayat members would be nominated as office bearers
of the aforesaid biomass cooperative society to manage
the day to day work activities, management of the co-
operative, administrative matters like payment of wages
and management of the village work force.

3. The promoter/developer should rope in this biomass
cooperative to take over the leased land for plantation
activities like raising of seedlings, its plantation,
nourishment as well as other care and attention like watch
and ward maintenance etc. One member of each and
every household should be provided with the opportunity
to work in the plantation activities, initially.

4. After the plantations grow to a reasonable extent, i.e. after
four years from the date of plantation, the plants become
ready to produce woody biomass. Only fast growing tree
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Courtesy: Shri Bivash Kumar Panda
Principal Scientific Officer cum Head, Regional Office

Bhubaneswar Eastern Region of the
Ministry of New and Renewable Energy

Government of India
Email:bivashpanda@hotmail.com)

borne oil seeds suitable to the soil condition should be
selected for plantation. After five years, the lops and tops
of the plants may be shredded in a cyclic rotational method
to produce woody biomass for the Green power plant set
up in the vicinity. The biomass bank so created would
remain the dedicated biomass bank for the specific Green
power plant for which the promoter obtained the lease
from the local revenue administration.

5. The biomass co-operative would responsibly manage the
plantation activities, its watch and ward, shredding of
biomass as well as the oil seeds and supply, i.e. both the
required quantity of woody biomass for the running of
the biomass gasifiers and production of straight vegetable
oil.

6. The daily wages for the village workers engaged daily for
plantation activities or biomass and oil seed transportation
activities would be paid by the promoting company
through the biomass cooperative.

7. One member of each village household would be given
an identity card by the promoting company to enable them
to get employment under the biomass cooperative, in
plantation, shredding and transportation activities.

8. The office bearer of the biomass cooperative would be
overall incharge of the plantation, collection and
transportation activities of biomass as well as the oil seeds
to the plant site. The biomass cooperative should also
ensure that the biomass and oil seeds collected should
invariably be transported by the village workers using their
own traditional transports like bicycles, bullock carts, head
loads. No conventional transport vehicles running on
diesel or petrol should be used.

9. The office bearers of the biomass cooperative should be
paid a monthly salary by the promoting company at the
end of the month, after successfully managing the activities
for a full month.

Biomass Technology for Desalination Plant

The global requirement for safe and clean drinking water is becoming a high priority. Now biomass technology will be put
to work in a desilination system to treat either brackish or salty water. The system is to come up under a collaborative
project between Texas Engineering Experiment Station (TEES) and a company namely Terrabon. It is being funded by the
City Council of Laredo, Texas at an outlay of $ 1.6 million.  The capacity of the desalination system is expected to be
around 50,000 gallons per day and is based on the Advanced Vapour Compression principle. The plant will demonstrate
the commercial viability of a new desalination technology that reduces the capital and operating costs of water purification
derived from a biomass to fuel process. Engineering work is expected to begin in April, and construction will be completed
by year end. The immediate beneficiaries of this system will be the residents of Laredo, which is located in the semi-arid
area on the Texas-Mexico border.

One of the unique features of the system is that it uses cheap, high capacity and high efficiency compressors and engines
to desalinate the brackish and salty water.It also runs at higher pressures than the traditional reverse osmosis technology
and can be installed at lower costs.

Source: www.thebioenergysite.com
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Reducing Costs through Energy Audits

An effective and successful energy management program
begins with an Energy Audit, which is a systematic approach
to evaluate equipment/system efficiency, estimate associated
energy losses, identify potential areas for cost reduction, and
recommend cost-effective schemes for achieving energy and
cost savings.

WII’s Capabilities in Energy Auditing
With a mandate to promote clean and renewable energy,
the Energy & Environment (E&E) program at Winrock
International India (WII) takes up energy audits and related
projects in the industrial, commercial, municipal, and
agricultural sectors. The WII team is made of highly
experienced, competent, and skilled professionals drawn
from electrical, mechanical, and chemical engineering
disciplines and capable of carrying out audits in energy-
intensive large industries, medium and small industries,
commercial and municipal establishments, and the agricultural
sector. Supported by the necessary infrastructure and
equipment, such as handheld/portable instruments for on-site
thermal and electrical energy monitoring, thermal/electrical
energy analysis software, and an exhaustive databank, the team
is well-equipped to conduct energy audits, and even tailor it to
meet specific needs and objectives of an organization.

WII’s scope of energy audit includes all major thermal and
electrical energy consuming equipments such as boilers,
furnaces, dryers, DG sets, air compressors, pumps, blowers/
fans, refrigeration and air-conditioning, cooling towers,
motors, load and demand management, transformers, power
factor analysis, harmonic analysis, and energy management
information system (EMIS).

WII’s Expertise
� Detailed energy audits (thermal/electrical)
� Technical assistance for implementation of energy
conservation measures
� Monitoring & evaluation
� Training and capacity building of stakeholders on energy
conservation projects
� Feasibility of funding through the clean development
mechanism (CDM) for energy efficiency & renewable energy
projects

WII’s Approach for Energy Audits
� Collection of design/operational data from suppliers’
manuals/log books
� Site measurements of operational & performance
parameters
� Assessment of energy losses and energy efficiency of
equipment/system concerned
� Recommendation of no-cost, low-cost, medium and long-
term schemes with cost benefit analysis
� Detailed action-plan for implementation, with a suggested
list of equipment suppliers

Courtesy: PRK Sobhanbabu
Head-Hyderabad Regional Centre

Winrock International India
Email:sobhan@winrockindia.org

Energy Conservation Potential in Indian
Industry
The industrial sector is a major energy-consuming sector
accounting for more than 50% of the commercial energy
of the country. The energy conservation potential in the
sugar industry is among the highest at 25-30%.

Industry Share of Energy Conservation
% in Production Potential %

Cost

Refineries 1 8-10
Sugar 3.4 25-30
Ferrous Foundry 10.5 15-20
Textile 10.9 20-25
Petrochemical 12.7 10-15
Chloro-alkali 15 10-15
Iron & Steel 15.8 8-10
Fertilizers &
Pesticides 18.3 10-15
Pulp & Paper 22.8 20-25
Glass 32.5 15-20
Ceramics 33.7 15-20
Aluminum 34.2 8-10
Cement 34.9 10-15
Ferro-alloys 36.5 8-10
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Biomass Power Plant Initiative in Gujarat
The State nodal agency for renewable energy promotion in
Gujarat is fast inching towards an increased market
deployment of biomass gasifier plants. It has recently
approved the setting up of biomass power plants in about
25 districts of the state. These projects will be implemented
by the private companies and will have an aggregated
capacity of around 317 MW. Such plants will be of varying
MW capacity and will have no conflict as far as the
procurement of raw material feedstock is concerned. The
first of its kind power plant in the state that uses 300 tonne
of biomass per day, such as fuel cotton stalks, sesame stalks
and groundnut shells, is proposed to come up in Amreli
district.”  These plants are likely to be commissioned by
2010. Energy generation using biomass as fuel has been
high in states such as Andhra Pradesh, Maharashtra and
Karnataka.

Bacteria Research to Enhance Biomass
Cultivation
Several efforts are being made worldwide (including India)
to increase the productivity of biomass cultivation.
According to a new research study, biomass plants can be
grown successfully for conversion to biofuels on poor soil
that is enriched with bacteria. The report- Genome Survey
and Characterization of Endophytic Bacteria Exhibiting a
Beneficial Effect on Growth and Development of Poplar
Trees- from scientists in the US and Belgium aimed to
identify bacteria that improve the biomass production and
the carbon sequestration potential of poplar trees (Populus
spp.) when grown in marginal soil. The study also aimed to
gain an insight in the mechanisms underlying plant growth
promotion.

MEDA Wins Biomass Award
Maharashtra Energy Development Agency or MEDA for
short is not just one more state nodal agency. This is
evidenced by the fact that MEDA has received a national
award for its pioneering work related to biomass power
projects, recently. The Award for Excellence in Renewable
Energy Development - Biomass, was given to MEDA’s
director general, Mahesh Zagade, by the Indian Electrical
and Electronics Manufacturers’ Association (IEEMA). The
report says that Maharashtra possesses the potential to

produce around 700MW of energy through agricultural
biomass alone. Keeping this fact in view, MEDA has
launched several ambitious projects in the state’s rural areas
by involving the private sector.

As of now, projects for producing 52 MW have been
commissioned. In contrast, 50 MW projects, to be produced
from agricultural biomass will be started in the next year.
MEDA wants to establish projects generating 2,258 MW
with projects using windmills, biomass, bagasse and hydro-
power. The organization also plans to start national-level
projects for generation of wind energy.

Poplars Grown for Biomass on Unfertile
Ground
Brookhaven energy research labs are quite well known for
their innovative research and development efforts. A group
of scientists at this US Department of Energy lab have
observed that unfertile or contaminated land could well be
utilized to grow plants for the biofuels. Of special
significance is the poplar tree, which can grow very quickly.
The addition of the right type of bacteria to the roots of
such poplar tress could enhance their biomass production
capability by up to 80%, over a period of 2-3 months.

Developing Biomass CHP in Ireland
The combined production of heat and power in a single
process is more commonly known as CHP. Biomass CHP is
an efficient way of producing electricity. This is due to the
fact that it permits the use of lower grade thermal energy
that cannot be changed into electricity. In Ireland, 88% of
the installed CHP capacity is in the industry sector. Also, a
majority of the existing CHP capacity is based on fossil fuel
use.Today, the scenario has changed in favour of renewable
fuels mainly due to rising prices of oil and favourable policy
initiatives. This includes smaller scale biomass CHP
applications as well. Technologies used for the purpose may
include steam engines, Organic Rankine Cycle (ORC) units,
gasification systems and stirling engines too. Of these,
Biomass related CHP of a smaller capacity range of 2-3
MWe is gaining popularity.  Such installations can be found
in countries like Austria, Denmark, Belgium and Germany.
In Europe alone, electricity obtained via biomass CHP
recorded a growth rate of around 11% during 2004-2006.

Source: www.thebioenergysite.com
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Proceedings of the

6th International Biofuels Conference6th International Biofuels Conference
Biofuels, an emerging and exciting renewable energy
option in India, has the capacity to balance the country’s
ever increasing dependence on fossil fuels. The biofuels
industry in India is poised to make important contributions
to meet India’s energy needs by supplying clean,
environment-friendly fuel.

WII, a pioneer in promoting the use of biofuels, organizes
an annual International Conference on Biofuels, an
initiative to provide a neutral platform for stakeholders
from across the world to share their experiences, discuss
and debate relevant issues, and help formulate effective
policies for the promotion of biofuels in the country.

The “6th International Biofuels Conference” was held on
March 4-5, 2009 at Hotel Le Meridien, New Delhi, and
witnessed participation from eminent personalities of the
Biofuels sector. The Proceedings of the conference, with
a rich repository of information, would be an important
document for industries, institutions, government bodies,
NGOs and individuals related to the biofuels sector.
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Winrock International India, payable at New Delhi.

Some of the papers in the proceedings:
1. Next Generation Biofuels- Technological Options for India

Dr Renu Swarup, Adviser, DBT, GoI
2. CDM and Biofuels – An Assessment

Ms Jane Romero, Policy Researcher, IGES, Japan
3. Key Challenges & Issues: Indian Automotive Industry Perspective

Mr K K Gandhi, Executive Director (Technical), Society of Indian Automobile Manufacturers
4. Jatropha Oil as Popular Fuel Feedstock-A Potential to be Realized

Dr George Francis, Live Energies, GmbH, Germany
5. Algal Biodiesel: Potential and Problems

Dr Aditi Pant, Scientist Emeritus, University of Pune


