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EXECUTIVE SUMMARY

BERI is one dahe projects supported by UNDP aridnded by Global Environment
Facility (GEF) and ¢manced by IndigCanada Environment Facility (ICEF), Government
of Karnataka and Government of India (Ministry of New and Renewable Energy (MNRE).
The project was inisited in 2001.
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The main components of the project are:

1) Implementbiomass gasifiers for electricity generation

2) Community biogas systems for cooking and meeting domestic loads.

3) Integrate efficient community irrigation processes

Theproject was envisaged to be implemented in 24 villages grouped into five clusters in
the Tumkur district of Karnataka. The project is currently working in 31 villages and has
progressed competently. The table below highlights key advancements completed

under four indicators:

Table 1: BERI: Progress as of December 2010

Indicator Achievements Reach

Biomass 1,050kW cumulative installed capacity, | 2 clusters (Koratgere and
through 11 gasifier/engine systems. Madhugiri) and

_ approximately 15 villages.

kKW systems, one 200 KW system, tWo | the sites is at 415 V and it
250 kW systems) stepped up to 11 kV before
One 100 kW dual fuel gasifier systems; fﬁljcfiztmg the supply to
and five 10 kW dual fuel gasifigystems. gnd.

Biogas 53 community biogas cum bfertilizer 31village settlements
units covering 171 households.

Afforestation Plantations raised in about 3,000 Plantations raised across a
hectares of forest and farm land. The | 5 clusters, covering all 31
plantations were set up mainly to fuel th villages (Kabbigere, Gubbi
biomass gasifiers. The Village Forest | Tumkur, Koredgere,
Committees (VFC) and forest departme)




marage these plantations. Madhugiri)

Irrigation 56 borewells dug for community 267 households across 5
irrigation clugers, covering 31
S villages (Kabbigere, Gubbi
Drip irrigation kits distributed Tumkur, Koratgere,
Madhugiri)

Source: BERroject ImplementatiorReport(2010)

The BERI project aims to contribute to carbon mitigation through the following
activities:

1 Partial replacement of traditionafossil fuels through the application of
renewable bieenergy in the form of biomass gasifiers for electricity and biogas
for cooking

1 Use of carbon sinks through the afforestation and reforestation efforts, saving
carbon

 Use of efficient cook stoves therebMB RdzOAy 3 (G KS K NXYFdz
atmosphere.

The scope of the study covers:

1 The BERI project area: Five taluks under the Tumkur district of Karnataka, which
include, Tumkur, Koratgere, Gubbi, Madhugiri and Sira

M Estimated carbon emissions and reductiorrs&rios, whee 'carbon' refers to
just CQ

The method usedfor the three components are a®llows:
1. Assessing carbon savings from biomass power plants

The total fossil fuel power substituted through the deployment of biomass power
plants can be estimated:his helps assess the net carbon mitigated since inception
of the project. Carbon savings achieved as a result of the induction of biomass
power required an impact assessment framework. The impasessment will use a
Business as Usu@AU)scenario agiast a BERI project scenario.

2. Assessing carbon savings from afforestation

Based on an extensive field assessment of forest and farmland cultivated as part of
the BERI project, the carbon sequestration and the carbon stock and flow were
estimated. Above grund biomass, below ground biomass and soil carbon analysis

was conducted as part of the assessment.



3. Assessing carbon savings from community biogas units

Smilar to stage 1, the totaluel woodusage substituted through the installation of
community bioga units is assesseé BAUscenariowas developed to establish
past trends infuel wooduse per family; following which the carbon skocan be
established. Once this established, a BERI project scenario will be ascertained
thereby signaling the net chon reductions achieved by the BERI project through
the introduction of biogas for cooking.

The outcome of the above three stages was to provide a cumulative measurement of
additionality or incrementality associated with changes in carbon stock, incpéati
carbon emission reduction due to project activities in relation to the three main
activities associated with the project. The carbon emissions reduction is analysed from
power generation, running of biogas plants, and,G€&questration from cultivatin of
energy plantations.

Assessing carbon savings from biomass power plants

Two scenarios were used to assess the carbon mitigation potential arising frem t
institution and running of the biomass power plants as part of the BERI prdjeet
results irdicate that scenario 1, would result in total carbon savings of 198.44{tG@
20012010, and annual savings of 22.04 $Ci@ an optimistic scenario twdgtal carbon
savings of aroun®74.74tCQ from 20022010 equating to annual savings of around
41.6tCQwere estimated

Assessing carbon savings from afforestation

The BERI project has instituted afforestation of common lands and forest lands in
addition to promoting tree based farming. These activities generate significant carbon
pools that contribute to mitigating GHG emissions from the BERI prdjeete are four
carbon poolsin such activitiesg aboveground biomass, belowground biomass, dead
organic matter that includes dead wood and litter, and soil organic carbon.
Furthermore, a certain amount of wood is extracted for functioning of the biomass
gasifiers and tls amount needs to be subtracted the overall carbon pools that
determine the sequestration benefits of the project.

Overall, 2933.44 ha of forest and farm land have been cultivated since inception of the
BERI project. Field visits and subsequent calarlathave indicated the total carbon
pool increment (compared to the baseline) in the project area, to2838222tCQ
(including for extraction).

Assessing carbon savings from community biogas units

The total fuel wood use reduced by the installation and use of the BERI project is
calculated as 1.5 tonnes/household/year. Estimating this for the total 86 households
benefiting from biogas, gives a totdéllel wood conservation of129 tonnes/year.
Discounting for unsustaiide extraction amounts td86.5 tonnes/year. Overall, the
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assessment found thaht total carbon emissions saved from the installation and use of
biogas plants since inception can therefore be calculated th428.5tCQ.

Overall, combining all estimatethe overall carbon savings from the BERI project as of
January 2011 is 240849.2 t£Qhe annual target achieved by the BERI project as of
2010 is 26,761 tCannually. The contribution of the afforestation and reforestation
efforts contributes the maximm amount to the carbon mitigation. It is however
expected the biomass gasifiers and biogas units will be functioning at full technical
potential by the time the project draws to a close in 2012. This will sufficiently increase
the carbon emissions savedin biomass power and biogas in the project area.
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1.2

INTRODUCTION

Context and purpose

A key output of theBERproject is to reduce C{emissions through the promotion of
bio-energy as a viable and sustainable option to meet rural energy service needs in

India.

This study undertakes an analysis of carbon savings achieved by the BERI project and its
related activities, as of July 2010. dMibnally carbon savings to be achieved by the
project activities in the future have also been assessed. The five main objectives of the

study are to:

1 Review of the project objectives and achievements to highlight the means to

reduce carbon savings

1 Assessient of CQ mitigation on an annual basis from power generation,
running of biogas plants, use of improveadbk stoves

1 Assessment of GGequestered from cultivation of energy plantations for the
purpose of theproject

1 Conduct a highevel assessment of & range of potential carbon savings
achievable by the BERI project by 2020, through the continued successful
implementation of its key objectives

1 Identify further activities that could enable the project to contribute its fair share
to regional carbonreduction targets, and provide an evidence base to help
prioritise future regional policies and actions.

Background

BERK The project

BERI is one of the projects supported by UNDP for achieving the millennium
development goal of ensuring environment &isability and thereby reducing poverty.

The project is funded by Global Environment Facility (GEF) afidacwed by India
Canada Environment Facility (ICEF), Government of Karnataka and Government of India
(Ministry of New and Renewable Energy (MNHEg project was initiated in 2001.
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apart from meeting rural energy needs and reducing €@issions, it would galvanize
seltreliance, local employment, gender and health related issues in addition to land
reclamation. The focus was to meet the energy needshete services of the rural
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population viz. heat energy for cooking and electricity for lighting and shaft power,
through a bieenergy package. The specific goals of the project are (UNDP, 2001):

1 Demonstrate technical feasibility and financial viability dfio-energy
technologies in a large scale

1 Build capacity and develop mechanisms to implement, manage and monitor such
projects

1 Develop strategies to overcome technical, financial, institutional and market
barriers for bieenergy packages and

1 Disseminate lm-energy technologies across India.
The main components of the project are:
1. Implement biomass gasifiers for electricity generation
2. Community biogas systems for cooking and meeting domestic loads.
3. Integrate efficient community irrigation processes
The BERI project area is shown in Figure 1.

Study Area

The project area is located withirfive clusters inthe Tumkur district of Karnataka in

Southern Indigsee figure 1. Y I Ny I G 1 Qa LR Lz | A2y | 002 dzy
total Indian populéion. Tumkur district covers 5.5% of Karnataka and accounts for 5% of

the state population. A considerable 80.38% of the population in Tumkur district is rural.
Furthermore, approximately 80% of the population in the Tumkur district relies on
agricultureand related activities such as cultivation. Of those, only 9% come from the urban

areas of Tumkur (Census 2001). It is a characteristic agricultural zones@ntiarid belt of

Karnataka

Salient features of the district that justify its position for tipeoject were identified as
follows (Hiremath et al., 2010):

1 Only 60% of households in rural Tumkur have access to electricity

9 It has 410,342.00ha under wasteland, which accounts to 34% of the total area of
the district indicating a large potential for bi@ss feedstock production for
energy

1 Only 4.2% of the total area of the district is classified as forests, highlighting the
need to enhance forest cover through afforestation programmes
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1 The number of pump sets per hectare of irrigation land is very highatdg the
need for reliable power supply

1 Alarge area of Tumkur is covered by mulberry and coconut plantations, with
high potential for biomass feedstock supply for energy

Figure 1.1: BERI project area

LOCATION MAP OF TUMKUR DISTRICT SHOWING KORATGERE,

.

MADHUGIRI, SIRA, GUBBI AND
TUMKUR TALUKAS

LEGEND
Kamataka State
[ Tumkur District

1:990000

Source: BERI, 2007

Key Achievements

A review and analysis of existidgta highlights some of the key benefits accrued from
the progress made, as of June 2010:

1 GHG mitigation: An initial high level assessment sugg&dti> savings from
from forestry/afforestation, biomass power generatiobiogas unitss likely to
be significant. This is further examined in this study.

1 Employment: The energy plantations have led to more than 30 people directly
employed and many more employed indirectly. Importantly, about 100 women
are employed indirecyl in maintenance and harvesting of energy plantations. In
the past year alone (2062010), approximately 600 tonnes of biomass was
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harvested with local farmers earning approximately Rs. 1,200 per tonne of
biomass harvested. 10 men and 2 women are also ectly trained and
employed in the daily operation and maintenance of the functioning biomass
gasifier plant in Kabbigere.

Gender, health: Work involving community mobilization in the five village
clusters, including capacity building, increasing involv@mef women in
planning and management of nursery & plantation is central to the project. This
has taken the form of Biomass User Groups (BUG) andH8@fGroups (SHG)
among others. Energy use patterns have serious implications both on the
environment asa whole as well as on the usefauel woodrequirements have
contributed to the degradation of forests leading to villagers, especially women
traveling longer distances and spending more time in collecfirgl wood
switching to inferior fuels. Women ithese villages spend a large portion of the
day in the kitchen and the health implications of working in close quarters with
burning firewood cannot be neglected. The project has provided biogas plants as
clean fuel option to help negate this

Capacity buding: Overall capacity building by the project has led to
improvements within the societies benefitting from the project. For instance,
Self Help Groups (SHGs) have been set up by the women with the help of local
NGOs like BAIF Institute for Rural Devaiept - Karnataka (BIRE) among
others.

Key Barriers

One of the main justifications provided whilapprovingthis project was that despite
their technical feasibility and multiple benefits, bémergy technologies have not spread
in India, apart from a few isolated demonstration projects. In instituting and
implementing the BERI project, a number of these keyibas have come to the fore.
This will further help explore the reasons for the slow growth in-dsergy in rural
India. The barriers faced include the following:

1 Technical barriers: Since the beginning, BERI gasifiers have faced technical

glitches due to which the Performance Guarantee (PG) tests have not been
completed. The Performance Guarantee test requires the gasifier/engine set to
run continuously for300 hours at 95% rated capacity and specific fuel
consumption of 1.8 kg/kWh. Currently, one, 100 kW gasifier is undergoing the
test and the repairs of the other systems will be taken up subsequently.

Information barriers:Bioenergy, despite its historical roie the Indian energy
scene, is yet to fully be acknowledged as a reliable energy source, especially in
rural areas. There is still a general lack of understanding on the benefits of
bioenergy.
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1.3

1 Market barriers:All electricity produced is being sent to tlggid. Subsequently
this brings with it problems relating to grid unavailability leading to poor
performance. Grid connectivity is limited to five to six hours a day and without
grid power the gasifiers cannot be started. The generators are automatically
disconnected from the grid during a grid failure or during excessive voltage or
frequency fluctuations leading to poor returns.

1 Financial barriers: The project is yet to demonstrate its economic and financial
viability and is currently running losses perituf electricity generated.
Additionally, a large part of the énancing initially put forth for this project up
to the value of $1.6 million is being discontinued.

Most recently the 1 MW gasification system at Kabbigere village completed a
continuous1000 hour run without interruptions andt 80-85%o0f rated load This has
paved the way for the removal of the technical impediments and acts as benchmark for
biomass gasification systems in India. No other-gadnected gasification system has
demonstraed an uninterrupted run for this long and with such higtied load It is
expected that all other installed gasifiers can now be brought to this operatioadsin

due course. This has provided BERI with a renewed vigor and the management is looking
to address a majority of the barriers above.

BERI and Climate Change Mitigation

Climate change mitigation involves reductions in the concentrations of greenhouse
gases (GHGs) either by reducing the sources or increasing their sinks. Climate change
mitigation can be differentiated from climate change adaptation in that, it is for
preventing future global warming as opposed to reversing or adapting to the existing
effects of global warming. Mitigating climate change has seen increased efforts in
developing newtechnologies and mechanisms whilst carefully managing the existing
ones, so as to minimize impacts on the environment. Nicholas Stern, author of the UK
32 @SNY Y Sy (e ReviBwy'dnythle £conomics of Climate Chasigges that

there are three elements to carbon mitigation; carbon pricing, technology and
behavioral change.

The most popular means of mitigating climate change globally are through, the
development and use focleaner energy sources (such as renewable energy), the
reduction of energy waste, energy conservation, changing consumption patterns and
the use of carbon sinks, carbon credits and carbon taxes. All these will contribute to the
reduction in GHG emissions

The BERI project aims to contribute to carbon mitigation through the following
activities:

1 Partial replacement of traditional fossil fuels through the application of
renewable bieenergy in the form of biomass gasifiers for electricity and biogas

14
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for codking The biomass fuel source is from energy plantations dedicated for the
same.

1 Use of carbon sinks through the afforestation and reforestation efforts, saving
carbon

T 1aS 2F STFAOASYy(H 0221 aiz20Sa GKSNBoe
atmosphere.

The bllowing sections will highlight in detail the total carbon mitigated through each of
the above activities since the inception of the BERI project.

1.4 MethodologyOverview

Scope of the study
The scope of the study covers:

1 The BERI project area: Fiaduks under the Tumkur district of Karnataka, which
include, Tumkur, Koratgere, Gubbi, Madhugiri and Sira

9 Estimated carbon emissions and reduction scenarios,ra&vh@arbon' refers to
just CQ

Estimated carbon emissions and reduction scenarios are predeoyethe three key
BERI project activities mentioned in the project document, which are:

1 Biomass power generation

9 Cultivation of energy plantations

1 Biogas for cooking needs
Emission savings cover those that can be achieved through the reduction of direct
emissions within the project areh & ¢Sttt a4 AYRANBOG SYAaaa
(Tumkur districtlelectricity use Other indirect carbon savings, such as those associated

with the reductionof emissions from the provision of improved cesfoves and drip
irrigation kit€ are not taken into accountue to limited usage and incomplete data

! Improved stoves are more efficient, meaning that the stove's users spend less time gathering wood or other fuels,
prevention of lung diseases prevalent in smoke-filled homes, while reducing deforestation and air pollution. The main
goal of most improved cooking stoves is to reduce the pressure placed on local forests by reducing the amount of
wood the stoves consume, thereby sequestering greater amounts of carbon.

2 Drip irrigation, saves water and fertilizer by allowing water to drip slowly to the roots of plants, either onto
the soil surface or directly onto the root zone, through a network of valves, pipes, tubing, and emitters. Replacing an
existing irrigation system with a drip irrigation set for a typical cultivated area in the region is will save energy.
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availability (although this is clearly an area of interest that could attract further
investigation).

Key Stages
The method usedfor the three components are a®llows:
1. Assessing carbon savings from biomass power plants

The total fossil fuel power substituted through the deployment of biomass power
plants can be estimated. This helpssess the net carbon mitigated since inception
of the project. Carbon savings achieved as a result of the induction of biomass
power required an impact assessment framework. The impasessment will use a
Business as Usu@AU)scenario against a BERbject scenario.

1 BAU ScenarioThisscenario in this study refers to the situation on field
before the institution of the BERI project. As the thrust of the project is to
provide services via renewable energy, defining the baseline is somewhat
complex.Three servicesare highlighted in the project documentelectric
lighting, irrigation wag¢r pumping and gas for cooking. Two potential BAU
scenarios are explored keeping in mind the various possibilities.

1 BERI projectcenario: The BERI project scenariters to the situation after
the institution of the BERI project. In the case of BERI, this scenario will lay
out the progress made by the project in terms of development and
deployment of biomass power plants in the project area.

The net carbon benefit wacalculated using the results of the above assessment
framework.

2. Assessing carbon savings from afforestation

Based on an extensive field assessment of forest and farmland cultivated as part of
the BERI project, the carbon sequestration and the carbonkstod flow were
estimated. A total of 123 plots were laid, covering 28.95 ha of afforested land.
Above ground biomass, below ground biomass and soil carbon analysie
laboratorywas conducted as part of the assessment.

3. Assessing carbon savings freommunity biogas units

Smilar to stage 1, the totaluel woodusage substituted through the installation of
community biogas units is assessé&d BAUscenariowas developed to establish
past trends infuel wooduse per family; following which the carb@tok can be
established. Once this established, a BERI project scenario will be ascertained
thereby signaling the net carbon reductions achieved by the BERI project through
the introduction of biogas for cooking.
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The outcome of the above three stagess to provide a cumulative measurement of
additionality or incrementality associated with changes in carbon stock, in particular
carbon emission reduction due to project activities in relation to the three main
activities associated with the project. Tlearbon emissions reduction is analysed from
power generation, running of biogas plants, and,G€questration from cultivation of
energyplantations

Key activities
The overall assessment was a combination of:
1 Compilation of existing data sources dmdtorical data;

1 Extensive field studies and a survey of land used for forestry, households,
industries, the agriculture sector; and

1 Participatory rurdappraisal based on local community knowledge.
Caveats

The estimates developed in this study aebject to a double uncertainty, nzely an
uncertainty of human error since extensive field analysis was conduced an
uncertainty about the data used to estimate the carbon savidgg. potential caveats
affecting the robustness of the results are aédslsed individually in each section.
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2. CARBON SAVINGS FROM BIOMASS POWER PLANTS

This chapter presents our analysis of the carbon savings achieved from the introduction
of biomass based power plants, and the key findings of this assessment.

2.1 Introduction

Biomass is renewable organic matter derived from plants or from human, animal and
municipal or industrial waste. It is an abundant and carbentral source of energy,
which has a potential to meet 15 to 50% of the world energy need by 2050. In India,
32% of the primary energy need is met from biomass and 70% of the rural population
uses biomass for energy needs. The energy derived from biomass is caledkehyy

and thebio-energy technologies convert raw biomass into a higip@de energy such

as electricity, gas or bituel. The three main technologies for utilizing biomass are
bagasse cogeneration, biomass combustion and biomass gasification for thermal and
electricalapplications. Biomass gasification is a theram@mical conversion of biomass

into a combustible gas mixture called producer gas. The producer gas is then combusted
in an internal combustion (IC) engine coupled with a generator to produce electricity.
Ths is a more cleaner and efficient way to use biomass. The biomass used can be woody
biomass or norwoody biomass such as rice husk, coconut shells etc. The producer gas
can be used in a dudlel engine or a 100% producer gas engine. The cost of power
genaation through biomass gasification routmuld vary ands reliant onthree key
aspects (i) biomass cost, (i) operational costs incluthagitenance, labour etc. and

(iii) capital recoveryBiomass gasification based power generation is often founieto
financially unattractive for replacing grid electricity and most of the biomass gasification
power plants in India are dependent of the additional revenue from carbon credits,
irrigation water systemetc.

Burning plant biomass as a fuel source doetsrasult in net carbon emissions since the
bioenergy will only release the amount of carbon they have absorbed during growth
(providing production and harvesting is sustainable). If this energy is used instead of
fossil fuels, carbon emissions from theplaced fossil fuels are avoided as well as other
associated pollutants such as sulphur

Thus biomass power for power generation offers one of the most promising future
carbon mitigation options. Traditionally used coal combustion for electricity gemerati

is associated with two negative externalitiemamely C@and SQ@ emissions. Typical

coal used in Indian power plants emits 3.2 tons of carbon per tera joule (tC/TJ) and 0.1
ton of sulfur dioxide per TJ.

3 The avoided emissions from the substitution o§sil fuels are only half the story. A large the benefit of carbon
mitigation lies in the energy plantations raised in the forest and farm lands. This will be explored in detail in the
next section.
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If biomass is produced more efficiently and used with modern conversion technologies,
it can supply a considerable range and diversity of fuels at small and large scales. Much
more useful energy could be extracted from biomass than at present and thid coul
allow a break in the "energy ladder" and some relief to the energy problem. Since
bioenergy can be used at small and large scales in a centralised and decentralised
manner this can bring substantial benefits to rural (and even urban) areas which don't
usually have access to modern energy carriers.

In calculating the environmental impact of biomass gasification, biomass is assumed to
replace coabased power, as coal is a dominant source of energy for power genetation
CQ from coal combustion is the damant GHG contributing to climate change in India.
The potential C@emissions avoided by shifting to renewables have been globally
recognized. A study on potential of biomass power for decentralised applications alone
has shown that nearly 4fillion tC emission could be avoidenh total by shifting kW

scale (20 to 200 kW) biomass gasifiers for rural electrification in India (Ravindranath and
Hall, 1995).

The BERI project was formulated with a similar aim of carbon abatement through the
substitution of cohbased power with renewable power. The total abatement achieved
is assessed and key findings highlighted in the following sections.

2.2 Methodology - Assessment Framework

The assessment framework presents two scenarios, the busasmssual (BAU)
scenario and the project scenario. The findings will highlight the key carbon mitigation
potential from the implementation of the biomass gasifiers as opposed to the BAU
scenario.The following suksections highlighthe key steps followed (Se@B1l):

4 Indian villages with no or erratic supply of power, déesel gensets a fossil fuel with higher CO2 emission
factor
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Step 1: Baselinddusiness as Usual Scenario

This section establishes BAU scenario in terms of power generated and supplied.
Baselinedata and existing regional and national data were used to determine the
potential power generation credentials of the BERI project. The existing and future
impacts arising from the projecivere then assessed relative to the impact on the
environment and local community.

In assessing the baseline for the eventual mitigation potential of the biomasiers
installed and run as part of the BERI project, a cahpnsive analysis was conducted
detailed review of background information and existing data sources on power
generation and consumption under the project areas was conducted. The sources of
energy supply reviewed were as follows:

1 Grid electricity: a review of the total electricity camaption in the project area.
Data from the Karnataka Power Transmission Corporation Limited (KPTCL) was
collated

1 Diesel for pumping: a survey of sample diesel pump owners
1 Kerosene used for cooking and lighting: a household survey was conducted
1 Fuel woodused for cooking: a household survey was conducted

A key caveat is the absence of detailed power generation and congsumgéta for the
project area. Me baselineand BAUscenario is in this analysis recreated based on
available information. The existingeliature reviewed suggests a number of potential
options for reliable energy services that would have been used in the project area 10
years ago, such as extending the grid or using dieselsgenfor meeting electricity
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needs and supply LPG for cookiWghen scoping through potential options a number of
limitations come to the fee. These are addressed in Bolze2ow.

BOX 22

CAVEATS

The project report as of March 2001, identifies, if busir@sasual energy consumption patterns ar
y2i @OAS6SR a4 SE23Sy2dza yR WWaag@gSyQQs o dzi
regarding the nature of the interventions to inflnce these patterns. Obviously, the interventior
must depend upon the determinants efergyconsumption.

Therefore under the baseline, there are various options for considering reliable energy services
as extending the grid or using diesel ggabs for meeting electricity needs and supply LPG for cook
Since the power generated from the biomass power plants was to be directly exported to the
assessing the mitigation implications of diesel, kerosene and firewood is not necessary.ndirgyis
because, diesel pumgets, kerosene for lighting and cooking and firewood for cooking are unlike
be substituted by biomass power. The reasoning behind this is that if the biomass power supp
decentralized and large enough to overcome dexhatie project area would in all likelihood achie\
a complete shift from these more polluting sources of power. However, whilst biomass powe
renewable power, griconnected biomass power supply is still subject to the aforementiol
problems assoctad with connecting to the national grid, such as consistent power shortages an
others.

Therefore it has been assumed that diesel, kerosene and firewood are still being used by the \
under the project area and baseline data for the above isaomsidered.

BESCOM does not provide district and taluk level data on electricity consumption to asses
potential carbon reduction impact. Therefore a significant amount of information had to be colle
and analysed as part of this study, thgdu desktop research and discussions with stakeholder:
order to identify data whose impact on GHG emissions could be quantified with a minimum le

accuracy. However, the level of uncertainty associated with these estimates can be classified as low

Keeping in mind the above limitations in baseline data (see Box 1), the best way forward
was considered to be by assessing the potential mitigation benefits of the shift to grid
connected biomass based power supply through the amount of fossil fuel payepiys
substituted. A key variable in this method is the percentage of power likely to come
from coalbased sources in th®AU scenario. Therefore using baseline data on the
percentage of coabased electricity for Karnataka, the £€nissions saved per MWt
biomass power generated is assessed.

The Ministry of Power is the apex body responsible for the development of electrical
energy in India. In June 2010, the installed power generation capacity of India stood at
162,366 MW, while the per capita energgnsumption stood at 612 kwWh. About 70%
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of the electricity consumed in India is generated by thermal power plants, 21% by
hydro-electric power plants and 4% by nuclear power plants. approximately 53.3% of
India's commercial energy demand is met througle tountry's vast coal reserves. See
Table2.1for more details:

Table 2.1: Installed Power Generation in India by Soyr2@10

Source of Fuel MW %
Coal 89,778.38 53.3
Gas 17,384.85 10.5
Qil 1,199.75 0.9
Total Thermal 108362.98 64.6
Hydro Renewable 37,367.40 24.7
Nuclear 4,560.00 2.9
RES**(MNRE) 16,786.98 7.7
Total 1,67,077.36

Sourcewww.powermin.nic.in (2010)

Two baseline scenarios have been developed. In scenariande @ majority of
electricity generated comes from coal, it is assumed that coal is the fossil fuel most likely
to be substituted through the introduction of biomass energy. Therefore, 53.3% of fossil
fuel based electricity is assumed to be substitutedrbgewable energy in the BERI
project. In scenario 2, it is assumed that all marginal capacity additions are likely to
come from coal. Therefore, 100% of the fo$gsédl based electricity is assumed to be
substituted by renewable energy from the BERI project.

Step 2:BERI Project Scenario

Whilst it was initially decided to operate the biomass power plants in a decentralized
way, grid connected power was considered a more feasible option. All the villages under
the project area were already connected to the grid. Power supply was however
incongstent and the cost of electricity in decentralized mode was found to be higher
than the subsidised electricity tariff charged currently. Critically, the installed capacity
planned as part of BERI project constitutes to less than 25% of the local consampti
The estimated local load in all the five clusters is shown in PaBle
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Table 2.2: Total electricity consumption BERI project areander BAU (2007)

Cluster Total electricity consumption (MW)
Sira 40.32
Madhugiri 450.84
Tumkur 728.15
Koratagere 1715.62
Gubbi 1137

Total 4071.93

Source: BERI, 2007

Figure 2.1Evolution of BERI gasifiers

BERI gasifiers — System evolution and implications

s 60 gasifier units
@ 20 kW each

Power Grid

Grid connection
to evacuate

J surplus power
Central modular

plant to match

. . local I?Eifile

Thus it was decided that the villages would be grouped into clusters based on biomass
availability and local demand; and these clusters couldliseonnected from the grid.

The electricity generated would then be exported to the grid. Of the five clusters, the
biomass gasifier/engine sets have been installed in two clusters till date. Both cluster 1
(Koratagere taluk, Kabbigere site) and cluster(Nadhugiri taluk, Boregunte and
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Sheebanayanapalya sites) have an installed capacity of 500 k\X @aehbreakdown is
as follows:

In Cluster 1 (500 kW):
1 1x100 kW duafuel gasifier
1 2x100 kW producer gas system
1 1x200 kW producer gas system
In Cluster 2 (500 kW):

 2x250 kW producer gas system

Figure 2.2: Layout of BERI gasifiers

® There are a further five 10 kW dual fuel gasifiers installed solely for the purposes of demonstration.
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The power generated at the site is at 415 V and it is stepped up to 11 kV before
evacuating the supply to the grid.

The biomass gasifiers are fuelled using wood from fast growing energy and farmland
plantations set up as part of the project. Almost 3,020 of land have been used for
energy plantations as part of this initiative. Village Forest Committees (VFC) and forest
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department manages these plantations. The layout of the gasifiers in clusters one and
two are indicatedn figure 2.2below:

The gasifitl B Ay adlft SR Ay . 9wL LINRP2SOG dziAt Al S
technology on biomass gasification. The manufacturers involved in BERI were Energreen

and Netpro. Energreen installed two engine/generator sets in clus{gotiatgere)and

Netpro installed all other sets. The biomass gasifiers were installed in cluster 1 on 2005

and it started operation in 2007. The cluster 2 systems are yet to start operation.

The BERI gasifiers havaced contractual and technical glitches since installatitime

issues are currently being addressadd PerformanceGuarantee (PG) test&re being

conducted on the gasifiers The Performance Guarantee test requires the
gasifier/engine set to run continuously f800 hours at 95% rated capacity and specific

fuel omnsumption of 1.8 kg/kWh. Currently, one of the 100 kW gasifier is undergoing

0KS GSad FyR GKS NBLIANB 2F (KS 20KSNJ ae:
technicians are available esite for resolving the issues and original manufactures are

no longer involved in BERdome of theperformanceissueshas been attributed to bad
construction, necessity of efield system improvements, and poor quality of biomass.

Almost 70¢ 80% of the problems occur in gas cleaning and cooling systems.

Apart from the technical problems, grid unavailability is another reason for low plant
performance. The grid connectivity is limited to five to six hours a day and without grid
power the gasifiers cannot be started. The generators are automatically disconnected
from the grid during a grid failure or during excessive voltage or frequency fluctuations.
The remaining barriers for successful operation are biomass procurement issues, lack of
trained personal and inconsistent gas quality.

The following table presents the tdtamount of power generatedybthe gasifiers in
cluster 1:

Total Capacity: 500 KW

1) 200 KW (gas engine} DG1
i)100 KW (gas engine)- DG2
iif) 100 KW (gas engine) DG3
iv)100 KW ( dual mode)- DG4 (Kept Idle)
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Table2.3: Total Power Generated

Year Total number of days Total generation (MVh)
working

2007 123 76

2008 163 138

2009 73 53

2010 207 190

Total 566 457

Source: BERI 201

Most recently the 1 MW gasification system at Kabbigere village completed a
continuous 1,000 hour run without interruptions and with efficiency levels oB88%.

This has paved the way for the removal of the technical impediments and acts as
benchmark for biomass gasification systems in India. No other -gadnected
gasification system has demonstrated an uninterrupted run for this long and with such
high efficiency levels. It is expected that all other installed gasifiers can now be brought
to this operatonal efficiency in due course.

The cumulative power generated by the total 5K/ functioning biomass gasification
systems is 457 MWh as &&nuary2011°,

Step 3:Net Fossil Fuel Substituted

As indicated in figure2.3, the total power generated, approximately 70% of the
electricity consumed in India is generated by thermal power plants, 53.3% of which are
coal based.

% Annex 1 shows the detailed power generation figures for the gasifiers
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Figure 2.3: Sources of fuel, India (2010)

Source of Fuel (%)

Coal
m Gas
Oil

m Hydro Renewable

24.7

53.3

Nuclear

m RES**(MNRE)

0.9

Source: Ministry of Power, Govt. of India (2010)

Coatbased power is the dominant source of energy in India. Emissions fronfireatl
plants have substantial impacts on both air quality and climate charagge lamounts
of CQ are emitted, which leads to global warming and associated climate chahges.
the BAUcase, two scenarios based on coal have been applied.

Scenario 1;

Since a majority of electricity generated in India comes from coal, it is assumed that coal
is the fossil fuel most likely to be substituted through the introduction of biomass
energy. Therefore, 53.3% of fossil fuel based electricity is assumed to be substituted by
renewable energy in the BERI projecthus,approximately 53.3% of the 457 MWh of
power now produced from the biomass power plants, would instead have come from
coalbased sources. This accounts to 242 MWh of the electricity generated. The
remaining 215 MWh is assumed to come from renewable based energy sources and will
not have an impact on this assessnfent

" This methods commonly used by academics to assess the baseline scenario. See Ravindranath and Ostwald
(2008), Carbon Inventory Method$landbook for Greenhouse Gas Inventory, Carbon Mitigation and Roundwood
Production projects, Springer

8 The power produced by thgasifiers is mapped to the energy mix that supplies power at the national level. Thus
53.3% is assumed to come from coal. The remainder of the 46.7% is not broke up along similar lines since oil and
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Overall this assessment concludes that in the absence ofptbgect, 242 MWh of
electricity would still be derived from fosd$iel based sources. The total carbon
mitigated through the introduction of biomadsased power plants will be estimated
below.

Scenario 2:

It is assumed that all incremental capacity amohs are likely to come from coal. 100%

of the fossifuel based electricity is assumed to be substituted by renewable energy
from the BERI project. Therefore, 457 MWh of power now produced from the biomass
power plants, would instead have come from cbaked sourcesThe total carbon
mitigated through the introduction of biomadsased power planten this scenariowill

be estimated below.

Step 4:Total Carbon Savings Achieved

The total carbon savings achieved can be calculated using the net fossilifistituted
and the C@emissions saved per unit of fossil fuel substituted. See equation (1) below.

CQ emissions avoided@Q) = Power Generation substituted (MWh) * Emisskeastor
(tCQ/MWHh)

The total coabased generation substituted was estimatedthe section above and is
242 MWh.

The emissions factor i.e. the €@missions per unit of electricity requires sophisticated
estimation techniques due to a number of varian®3 emissions per unit of electricity
generated depend on the characteridiof the fuel and power plant. Characteristics of
the fuel include the energy and carbon content of the fuel, and that of the power plant
include its heat rate, i.e., the amount of energy required to produce one unit of
electricity, and the PLF. Emissiopoduced are thus calculated using the following
equation (2).

CQ emissions per unit of electricity generated (kg C/kwh) = (Carbon content of the fuel
(kg C / kg of fuel) / Heat value of the fuel (GJ / kg of fuel)) * heat rate of the power plant
(GJ / kWh)

The IPCC provides a simple solution by releasing emisseffiatents that can be used
asdefault valuein studies such as these. The IPCC calculates emission factors assuming
a linear relation between the intensity of the activity and the emission resulting from
this activity.

gas based sources will have a miniscule impact on GHs&iems. Further to this nuclear and renewable sources
are likely to have a zero GHG emissions.
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Table 2.4: IPCC Emission Coefficients

Type of coal India Specific

Emission factors

tCQ/TJ
Cooking Coal 25.53
Non-cooking coal 26.13
Lignite 28.95

Source: IPCC (2006)

In India, the Central Electricity AuthorifCEAhas takenthe initiative to publish the
CQ baseline databasdor the Indian Power Sector to assi€ilean Development
Mechanism CDM) project developers for speedgpproval of their CDM projectslhe

CEA has come out with different CO2 emissioefticient for different grids.The Indian
electricity system is divideohto two grids, the Integrated Northern, EasteMestern,

and NorthEastern regional grids (NEWNE) and the Southern Gheé. Weighted
average emission factor, provided by the CEA for the Southern Goi82's

The figure used in this analysis is heathe CEAemission coefficientsScenario 1:
Therefore substituting the values for the equation ifL 5cenario Inentioned above,
CQ emissions avoided = 242 MWh 82.tCGQ/MWh

=198.44tCQ,

Therefore, the overall carbon mitigated by the BERI mtoferough the development
and use of biomass gasifierslig3.44tCQG.

Scenario 2:

ubstituting the values for the equation (It) Scenario 2nentioned above,
CQ emissions avoided 457 MWh * 082tCGQ/MWh

=374.74CQ

Therefore, the overall carbon mitigated by the BERI project through the development
and use of biomass gasifiers3ig4.74tCQ.

°CEA (2009%;Q Baseline Databader the Indian Power Sector, Ministry of Power, Government of India
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2.3

Key Findings

Two scenarios were used to assess the carbon mitigation potential arising frem t
institution and running of thebiomass power plants as part of the BERI proj@tte
results indicate that scenario 1, would result in total carbon savings of 198.4410®
2001-2010, and annual savings of 22.04 Cl@ an optimistic scenario twagtal carbon
savings of aroun®74.74tCQ from 20022010 equating to annual savings of around
41.6tCQwere estimated

The project document, prepared in 2001, had projected the carbon mitigation potential
of energy substituted from the use of biomass power plants to be approximaigg2

tCQ annually. Whilst the projected potential has not been fully realised, it is important
to note that the installed capacity of the 11 gasifiesd,050 KV&f which only 50&W is
currently functioning. As mentioned in Section 1, the full technpatential of the
project is yet to be realised. The project has faced a number of barriers. However, all 11
gasifiersare expected to beperationalbefore the December 2012.

If the full technical potential othe project is assumed,naual reductionsof CQ could
be much higher than indicated by this analysis.
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3.1

CARBON SAVINGS FRAOMFORESTATON AND REFORESTATION

This chapter presentthe analysis of carbon savings achieved from the cultivation of
energy plantations, and the key findings of this assessment.

Introduction

According to theForest Survey of IndigeS)z  WI £ £  thadn yrie Zectaie iNBrea,

with a tree canopy density of nNBE G KIF'y wmmx: OFYy 06S RSTAYSR
the establishment of a forest or stands for trees in an area where the preceding
vegetation or land use was not forest. Reforestation is the reestablishment of forest
cover either naturally or artifially, usually maintaining a similar forest type to the
preceding land area, and done promptly after the previous stand or forest was removed.
The importance of both afforestation and reforestation is in restoring forests, increasing
carbon capture and segpstration, and assisting in preservation of biodiversity.

The forest sector could be a source or a sink of carbon. Forest carbon stock includes
biomass and soil carbon pools. Biomass carbon can be further disaggregated into
aboveground and belowground dimass and dead organic matter. Change in forest
carbon stock between two time periods is an indicator of the net emissions ofrQ®

the sector.

India has been implementing an aggressive afforestation programme. The country
initiated largescale afforemtion under the social forestry programme starting in the

MPpy NQaAd ¢KA& Ay Of dzRSEA O2 YY dzplantatons@dhdgrd 2 (4
forestry.

Afforestation and reforestation in Indiaare being carried out under various
programmes, namely social forestry initiated in the early 1980s, Joint Forest
Management Programme initiated in 1990, afforestation under National Afforestation
and Ecedevelopment Board (NAEB) programmes since 1998, mivate farmer and
industry initiated plantation forestry.

They are typically carried out on two types of land:
1 Common and forest lands; and
1 Farm lands.

Afforestation of common lands and forest lands

Vacant common land and forest land have been utillife biomass developmenthe
planting types followed are;

1. Energy Plantations: These plantations are raised in community land and forest
land which are devoid of vegetation. The main focus is to have high density
plantations of mixed fast growing species
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2. Assisted Natural Regeneration (ANR): In this model, the existing root stock is
protected from biotic interference like grazing, fire, illicit felling etc. by physical
and social fencing thus allowing the vegetation to revive on its own. The natural
stands are assisted by cultural operations and enrichment planting.

3. Avenue Plantations: Land available on either sides of the village road is made use
of to create avenue plantations.

4. Clonal Orchards: Higyielding clonal orchards are established in the propea
to produce faster and cheaper biomass. These clonals yield more than double
the quantity of biomass as compared to regular common varieties.

Afforestation of farm lands (Tree Based Farming)

Tree based farming activity is promoted private farm laml so as to grow biomass on a
sustainable basis to ensure steady supply to the local gasifier plant. Theresaay
two types of plantations undetree based farmingTBF ¢ Bund planting and Block
planting.

For this purpose, fast growing trees whicncbe harvested repeatedly like Eucalyptus,
Casuarina, Acacia auriculiformis, Albizzia, Cassia siamea, Glyricidia, Sesbania, etc. are
planted. TBF has three primary models as follows:

1. Agrohorti Forestry (AHF): Plantation involve intercropping of fruitdiey trees
with agricultural crop and planting of forestry species around the boundary to
produce fruit, fuel, fodder, green manure and small timber

2. Agro Forestry (AF): Plantations involve planting of forestry species on the
boundaries of crop land

3. FarmForestry (FF): involves plantingfakl woodspecies in wood lots of fallow
and wastelands. This also helps farmers in drought proofing

Selection of Carbon Pools and N&@0D2 Greenhouse Gases

There are four carbon pool& such activities; aboveground bmass, belowground
biomass, dead organic matter that includes dead wood and litter, and soil organic
carbon. The carbon pools are defined as follows:

1. Aboveground biomass: All living biomass above the soil including stem, stump,
branches, bark, seeds, aridliage. In cases, where forest understorey is a
relatively small component of the aboveground biomass carbon pool, it is
acceptable to exclude.

2. Belowground biomass: All living biomass of live roots. Fine roots of less than
(suggested) 2 mm diameter areten excluded because these often cannot be
distinguished empirically from soil organic matter or litter.
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3.2

1. Dead organic mattefThis pool includes dead wood as well as litter.

2. Litter: Includes all nodiving biomass with diameter less than a minimum
diameter chosen (for e.g., 15 cm), dead and in various states of decomposition
above the mineral or organic soil. Live fine roots (of less than the suggested
diameter limit for belowground biomass) are included in litter, when difficult to
distinguish.

3. Dead wood:Includes all nodiving woody biomass not contained in the litter,
either standing, lying on the ground, or in the soil. Dead wood includes wood
lying on the surface, dead roots, and stumps larger than or equal to 10 cm in
diameter.

4. Soil organic carbonincludes organic carbon in mineral and organic soils,
including peat up to 30 cm depth. Live fine roots (< 2 mm) are included with soil
organic matter where they cannot be distinguished from it empirically.

Carbon pools are used to determine the total cambgequestration potential available
from the plantations under the BERI project. The following sections elucidate the
methodology used to assess the potential carbon savings and highlight key results.

Methodology

The carbon sequestration and the carbatock and flow in the project area were
estimated.Afforestation and reforestation activities have been prevalent in the project
area since inception. Close to 3,000 ha of land have been planted and the mitigation
benefits are likely to be significant.

The steps followed to conduct the studgre discussed in the following sections. The
outline methodology is further highlighted in Box 3.1 below:




Step 1:Project boundary

The BERI project has been implementethim Tumkur District of Karnataka State, India.
Afforestation activities havéeen implemented in 5 taluks of Tumkur district spanning
26 villages (Annex 2)The poject boundary is defined as primary and secondary project
boundary.

The primary project boundsr is the geographic boundary subjected to project
intervention or activities i.e. planting, management and protection. The project
boundary for the plantation activity on common and forest lands are identified at the
parcel level by the land surveyimbers(Annex 3)°. The record®f BERI plantations are
available with the Tumkur Forefdepartment. Annex (&) to 3(b)gives the project
location and project boundary details of plantations on Forest Department lands and
Tree Based Forestry on private lands. THRR 2SO0 06 2dzy RF NB A& ARSy
name, survey number, and area and year of plantiflge secondary project boundary
includes project boundary area subjected to project activities as well as locations and
land use systems impacted or expenéry leakagE due to shifting of land conversion

or biomass extraction or livestock grazing outside the project boundary. Thus taking into
account the possible leakage or other impacts of the project activity, the secondary
project boundary encompasses thiélage boundary

Step 2:Key afforestation activities undethe BERI project

Different forestry projects have different direct humamduced changes in carbon
stocks and not€CQ greenhouse gases. Under the BERI project, the forestry plantation
models under the various land categories are as given in Bahle

10 A reference to sampling

M Large scale use of carbon sequestration helps to avoid increasing GHG emissions in the project area. There is
however a possibility that leakage from surrounding areas though activities such as biomass extraction could
negate any benefits from the project.
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Table 3.1: Types of forestry activities under BERI project

Options Plantation Type Land Category

Afforestation ofcommon land and forest land

Plantation forestry 1) Energy Plantation Degraded common and fores
land

II) Clonal Orchard
I1l) Avenue Plantation

Regeneration 1) Assisted Natural Forest land with good
Regeneration rootstock

Treebased farming

BundPlanting I) Agrehorti Forestry Cropland lands
II) Agro Forestry

Block Planting I) Farm Forestry Fallow lands

Source: BERI (2010)
Plantation area under BERI project

The total area afforested/reforested under the project i923.44 ha (Tabl&.2) of
which 70% accounts for plantations under common and forest lands and the remaining
30% under tree based farming (TaBl&). The area under afforestation on common and
forest lands is 245 ha of which energy forestry account for 60% of the are#vield

by 36% under assisted natural regeneration. The tree based farming is dominated by
agro-horti forestry accounting for 66% of the area followed by agro forestry (21%) and
farm forestry (13%).
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Table 3.2: Area afforested under BERI project accordmdifferent activities

Plantation Type Area (ha)
Afforestation on common and forest lands
Energy Forest Model 1215.50
Clonal Forest Model 8.00
Roadside plantations 77.00
Assisted Natural Regeneration 744.50
Total 204500
Tree Base#farming
Agro-horti Forestry 587.79
Agro forestry 183.72
Farm Forestry 116.93
Total 888.44
Grand Total 2933.44

Source: BERI (2010)
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Figure 3.1: Area afforested under BERI

Area (ha)

183.72 116.93
1215.5

587.79

\8
77

Step 3:ldentification of relevant carbon pools ttve monitored

Energy Forest
m Clonal Forest
Roadside plantations
W Assisted Natural

Regeneration

Agro-horti Forestry

The decision on which carbon pools to measure is critical to inventory design. In general,
all pools which are large and subject to substantial change over the project life should
be measured. Those that are small or very slow to change mapermeasured (IPCC
GPG, 2003). The decision depends on expected rate of change, magnitude and direction
of change, availability and accuracy of methods to quantify change, and cost involved in

measurements.

Table 33: Carbon pool considered and monitoden BERI project

Dominant Aboveground Woodly litter Soll
Project type  land use biomass  Belowground  + Dead organic
component biomass wood carbon
Plantations Degraded Y Y N Y
lands
Agroforestry  Cropland Y Y N Y
Degraded
. Forestlands
Regeneration . Y Y N Y
with
rootstock

Y = Measured; N = Need not be measured
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The project activity is on degraded forest lands and for TBF on fallow lands. Hence the
most important carbon pools to be considered ateoveground biomass, below ground
biomass andsoil organic carbon. The plantations aré %years old. Hence dead wood
and litter is not a major carbon pool and can be ignored.

Step 4:Designing a sample framework

The total area afforested/reforested under the BERI project is 2933.44 lnexe are

four options for sample design complete enumeration, simple random sampling,
systematic sampling and stratified random sampling. For the BERI project, the stratified
random sampling was chosen, whislthe most precse option for a certain csd.

The stratification has been based on the plantation model, vegetation and year of
planting/age of the planting. Plantation wise, yemise plantations details for
afforestation and TBF is as given in Table 3.4 andRpresentative samples have been
taken in all the ranges and villages thus ensuring that spatially all the variations are
captured.
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Table 3.4: Model wise and year wise area plantation details for afforestation on
common and forest lands

Range Model 2003 2004 2005 Grand Total
EnergyfForest 80 150 175 405.0
Gubbi
Avenue Plantation 1 4 5.0
ANR 132 5 137.0
Clonal 1 1.0
Koratagere
Energy Forest 31 35 75 141.0
Avenue Plantation 10 6 16.0
ANR 10.5 190 200 400.5
Madhugiri  Energy Forest 12.5 180 180 372.5
Avenue Plantation 9 3.5 12 24.5
ANR 50 67 90 207.0
Clonal 2 5 7.0
Sira
Energy Forest 20 45 150 215.0
Avenue Plantation 6 6.5 12 24.5.0
Energy Forest 82 82.0
Tumkur
Avenue Plantation 7 7.0
ANR 192.5 262 290 744.5
Clonal 1 2 5 8.0
Total
Energy Forest 143.5 410 662 12155
Avenue Plantation 33 10 34 77.0
Total Area 370 684 9901 2045.0
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Table 3.5: Model wise and year wise area plantation details for TBF

Range Model 20052006 20042005 20032004 Total
AHF 156.00 26.00 0.00 182.00
Gubbi AF 16.00 19.20 0.00 35.20
FF 4.00 3.20 0.00 7.20
AHF 21.90 14.24 34.80 70.94
Koratagere AF 27.60 25.40 8.40 61.40
FF 33.40 4.40 4.40 42.20
AHF 2.33 2.99 0.00 5.32
Madhugiri AF 0.94 251 0.00 3.46
FF 7.06 1.15 0.00 8.21
AHF 79.62 55.71 0.00 135.33
Sira AF 29.36 22.10 0.00 51.46
FF 29.70 6.62 0.00 36.32
AHF 144.20 50.00 0.00 194.20
Tumkur AF 19.40 12.80 0.00 32.20
FF 14.20 8.80 0.00 23.00
AHF 404.05 148.94 34.80 587.79
Total AF 93.30 82.01 8.40 183.72
FF 88.36 24.17 4.40 116.93
Total Area 585.71 255.12 47.60 888.43

Source: BERI (2010)
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Systematic sampling

The sampling followed that of the 2005 study titled 'Estimation of Carbon Sequestration
in the Project Are&”. The number of plots selected and locations wederitical to the
study conducted in 2006This was done so as to ensure easy comparison of the total
carbon sequestration during different periods of the project.

All the models under plantations under common and forest lands and the TBF were
covered. Representative sanaglwere laid in all the forest ranges, villages encompassing
all the forestry models. Since the plantations were establissiade 2003, sampling was
done inareas with sizable measurable biomass. The random stratified sampling was
followed. Care was takeio maintain plot distance to avoid between plot correlations.

Fig3.1: Sampling strategy to assess carbon stock under Land Use Change and Forestry
sector under BERI project

BERI Project Area

Afforestation on common
and forest lands
L

|

1 1
[ Energy Forestry [Asselztee:e’r\:?g:]al ][ Clonal Forestry ][ Avenue ]

1% 0.5% >1% >1%
sampling sampling sampling sampling
—[ Tree Based Farming ]
1

. |

%gro—horti Forestrg[ Agroforestry ][ Farm Forestry ]
1.83% 5.87% 3.97%
sampling sampling sampling

1. Representative samples in all Forest Ranges
2. Sampling in areas with sizable biomass which is measurable

The various parameters to determine if the sample plots were optimal are as given in
Table3.6".

2 The study was conducted was titled, Estimation of Carbon Sequestration in the Projectfnaa the Forestry
Sector. It was conducted by Sudha, P.,Hamedulla Khan and Murthy, I.K from the Asian Nature Conservation
Foundation, Bangalore

13 For detailedsampling procedures refer to the previous study; Sudha., P et al (2005), Estimation of Carbon
Sequestration in the Project aredrom the Forestry Sector
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Table 3.6: No. of plots to be laid according to the fixed precision levels and plots laid on

field to determine aboveground biomass

Models No. of Plots No. of plots Plot size Area of Total area
basedon laid for field each plot of sample
the fixed studies in (ha) plots (ha)
precision 2010

levels

Energy Forest Model 58 45 25m x 20m 0.05 2.25

Assisted Natural 12 13 25m x 20m 0.05 0.65

Regeneration

25 20
Clonal Forest Model 4 6 mx.cem 0.05 0.30
. 1KMx3
Avenue Plantations 6 7 X 0.3 2.10
. 1-
Agro-horti forestry 7 26 acre 04 10.40
1-

Agro Forestry 7 29 acte 0.4 11.60

Farm Forestry 22 33 25m x 20m 0.05 1.65

Total 123 159 - - 28.95
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Setting up Sample Plots

I Wy SaGdSRQ Al YLX Ay3 | LINRIFIOK ¢l & FR2LIGSR
Square plots were preferred. The sample sizes followed were as follows:

1 Trees (diameter 30 cm and ig@t 1.37 m); square plotsf 25 X 25n.
1 Subplots of 5 X 5 m within the larger plots for trees

Sample plots were selected by the optimum plot allocation approach based on fixed
precision levels. Care was taken to avoid selecting plots in areas with very dense or least
vegetation.

Step 5:Measurement Techniquefr Monitoring Carbon Pools

Inventory of forest carbon depends directly or indirectly on the estimation of biomass in
sample plots. Different sampling strategies are likely to be required depending on the
structure, composition and scale of the various stands involved; the specific objectives
of inventory, the financial and other resources available. The underlying objective
should however be to select a sampling method or a combination of methods that will
yield themost efficient and reliable information at the required scale.

Aboveground biomass

This is one of the most important pools to assess for forestry projects. Several methods
exist for estimation of biomass. The method followed for the estimation of above
ground biomass is taking field measurements and applying spspesfic allometric
equations. This method involves morphometric measureméris standing vegetation

i.e. the stem, height, canopy etc. and using allometric equatidrie estimate the
biomass. This method is most commonly used to predict the mass of abanel
belowground components of forests. These equations provide a relation between easily
measurable parameters such as the diameter, height or basal area and tree biomass or
carbon content. Rimass of trees was estimated using appropriate regression equations
that are applied to tree measurements.

Quadrat plots were laid. The corners of the quadrat were marked and the GPS reading
of all the four corners were noted. Measurements of all the greeithin the quadrat

were recorded. Only trees with diameter >30 cms and height >1.37 m were measured
for the Girth Breadth HeighGBH. A tree below this diameter, especially in the TBF, the
DBH was measured using calipers. Measurement of tree heigfifficult, unlike DBH,
especially, in a dense forest or plantation, with dense tree stems and overlapping tree

% Traditional morphometric data are measurements of size. i.e lengths, widths, masses, anglssamatiareas

15 Allometric equations are used to study mass of organisms. Specifically used in practical applications to the
differential growth rates of the organisms.
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crowns. Height data is an indicator of biomass and growth rate. To measure the height
of a tree, a pole was marked at every %2 meter interval. ddie was kept aside the tree
and measurement of the tree was determined.

Belowground Biomass

Methods for measuring and estimating aboveground biomass are relatively well
established as compared to methods for belowground biomass, which are difficult and
time-consuming. Currently no practical field method exists and actual quantification is
very expensive when measured directly. Default rsbbot ratios have been used to
estimate the below ground biomass. The commonly adopted method is the use of
default root:shoot ratios. Below ground biomass was measured using regression
equation for tropical forests as given in IPCC, Good Practice Guidance, 2006.

Soil Organic Carbon

Estimating soil organic carbon density (tC/ha) is crucial for forestry projects. &mobt
an accurate inventory of organic carbon stocks in soils, three parameters must be
measured; i) depth, ii)) bulk density, calculated from odeyn weight of known volume

of sampled soil, and iii) concentration of organic carbon within the sample. Thideya
Black method® was used to estimate the soil organic carbon content of soil.

Step 6:Measuring Carbon Stiks, Baseline and Actual

The steps outlined below for different carbon pools were used tlwutate carbon
stocks in trees.

Baseline Scenario

G.alStAyS ySi DID NBY2@lta o0& aiaylae¢ Aa (GKS
carbon pools within the project boundary that would have occurred in the absence of

the project activity. A baseline covers emissions from all gases, sectors and sources
within the project boundary. It is the initial site condition before the project begins and

it is necessary to assess the carbon stock change that would have occurred in the
project area, if project activities were not implemented.

The land use systems idé&red in the BERI project area for baseline carbon stock are as
follows:

f  Common and forest lands on which afforestation was done

8 The WalkleyBlack method, used since the 1930's, uses chromic acid to measure tlizabié organic carbon in

a soil. The basic Walkldlack oxidation relies upon the heat of solution of the sulfuric acid and water for the
reaction. This method incompletely oxidizes the organic carbon and a correction factor of 1.3 is commonly applied
to the results to adjust the easily oxidizable carbon to total organic carbon.
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o] With good rootstock on which assisted natural regeneration was
implemented

o] Degraded lands on which energy plantations, clgiahtations were
implemented

o] Avenue plantations
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Estimation of Baseline GHG Removals by Sinks
Biomass

To estimate baseline GHG removals by sinks it is necessary to estimate the initial and
periodic carbon stocks under baseline or without project scenario. This involves
estimating the carbon stock and change in vegetation and soil. The method followed for
baseline carbon stock was as follows:

1 In each of the standlypes determined above, plofer sampling were selected.

1 The methods, parameters, sampling design, selection of plot size and number of
plots, laying of plots, measurement and recording of data and biomass or carbon
estimation procedures was as done for project scenario.

1 Based on tb stratification and required number of sample plots for minimum
error, the area of sampling was selected.

1 Quadrats were laid and measurements of trees were taken. Soil samples were
collected.

1 Since the project was initiated while carbon monitoring wastiated,
measurements for baseline were done on adjacent lands with similapmject
conditions.

Random sampling was employed to sample for vegetationsaiicorganic carbonSO¢
as the land categories are degraded lands and fallow cropland withgitggliabove
and belowground carbon pools in the baseline scenario.
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Table3.7: Baseline carbon stock for land categories under BERI project

Land Category Models Area Baseline Baseline Baseline Baseline
implemented (ha) Biomass  Carbon Carbon CcQ
Stock stock  stock for  stock
(t dm/ha) (tC/ha) the area for the
(tC) area
(tCQ)

Forestlands Assisted Natural

with good root . 744.5 0.34 0.17 127 464
Regeneration
stock
- Clonal -8.0 1 4
Degraded lands - Energy Forestry  -1215.5 0.14 0.07 85 312
Roadside - Avenue Plantation -77.0 0.00 0.00 0 0
Foresty 0o
Farm lands y -888.44 0.00 0.00 0 0
- Agro Forestry 0 0

- Farm Forestry
Total 213 780
Source: Sudha, P et. al (2005)

They baseline carbon biomass sto@bove and below ground biomasaje either
insignificant or form a very small proportion of the total carbon pool in degraded tands
(Table 3.J. The average biomass carbon pool in the baseline scenario is 0.07 tC/ha or
0.26 tCQ@ha. Carbon removals inhé baseline scenario need not be measured
subsequently, as it is insignificant. Hence a steady or fixed baseline can be assumed. The
following case can be assumed for the BERI project for subsequent carbon stock
monitoring, as the baseline carbon stocke aegligible.

Baseline GHG removals for the project period @GOBaseline GHG removals at year 0
=G

Overall, the GHG removals by sinks for the baseline scenario is 780 tCO
Soil Organic Carbon

Information on the baseline soil organic carbon Wasted. The information available is
highlighted in table 3.8Agro-horti and agreforestry modelsvere not available since at

" The baseline carbon stock indicated in this section refers to abovegroundhbfonly. Baseline figures for
belowground biomass were not taken into consideration since the values were found to be insignificant and were
subsequently removed from the analysis.
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the time it involved only bund planting and the major management practice is
agriculture.

Table3.8: BaselineSoil organiccarbon of plantationsunder BERproject

Baseline Soil Organic

Model
Carbon (tC/ha)
Plantations on common and forest lands 15.64 10.45
Tree based Farming 11.7¢ 6.57

Source: Sudha, P et. al (2005)

Project Scenario
Biomass
Aboveground Biomass

Generalized or allometric biomass regression equations were used to estimate
aboveground tree biomass. Species specific and generic equations have been developed
by Forest Survey of India (FSI, 1994), based on diameter at breast height and height of
tree for different regions in India. The equation was used only for those that are in the
specified diameter class or range. The volume equation ugsedht study isgiven in

Annex 4 Wood density factor was used to convert volume to stem biomass. Species
specfic wood density was used to convert volume to biomass. The species specific wood
density was obtained from the agiforestry tree database of ICRAF. The web source is
http://www.worldagroforestry.org/sea/products/AFDbases/WD/asps/DisplayDetail.asp
?SpeciD=11The total biomass stock was obtained by summing the biomass of
individual trees in each plot and multiplied with the expansion factor to obt&mhass

per hectare. Dry weight of biomass was estimated by deducting the moisture content.
Based on the IPCC good practice guidance, 50% of biomass is taken as the carbon
content of biomass. Expansion factor was used to convert biomass values frgotoper

to per hectare as follows:

10000m?
Arealdf (plot Gm?)

ExpansiorCfactor =

Annex 4 indicates specific equations of trees and other wood density according to
species.

Belowground Biomass
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Root biomass can account for 10 to 40% of the aboveground biomass. Thus, it is useful
to estimate root biomass, sasignificant carbon could be stored in root biomass. The
measurement of aboveground biomass is relatively established and simple.
Belowground biomass, however, can only be measured with-ttoressuming methods.
Consequently it is more efficient and effeatito apply a regression model to determine
belowground biomass from knowledge of biomass aboveground. The following
regression model was used to estimate the belowground biomass.

BBD = exp1.0587 + 0.8836 x In ABD)
Where BBD = belowground biomatensity in tons per ha (t/ha)
ABD is the aboveground biomass density (t/ha)

Applying the equation allows an accurate assessment of belowground biomass. This is
the most practical and cosffective method to determine biomass of roots.

Carbon stock

The cabon stock of standing biomass and below ground biomass was estimated at the
plot level. The carbon stock for the different components were summed within plots to

give per plot carbon stock in t/ha. The plot level results were then averaged to give
mean forthe stratum. The carbon stock for baseline and project area was calculated
separately as follows.

Total carbon stock per ha (tC/ha).€ G + Giss

Where:G = Carbon removals by sinks inrliyibiomass (includes abovand
belowground biomass) (tfa); Gseis= Carbon removals by sinks in soils;
(tC/ha)

Table 3.9 Productivity of aboveground biomass of vaus models in BERI project area

Model Productivity Productivity  Productivity (Mean Increment
(Whalyn) (t dmhalyr) + SDYtm /halyr) - (tha)
r tdm r t/ha
Y Y 2010

Plantation on common and forest lands

Energy forestry 2.59+1.05 181+0.74 2.72+0.79 0.91
Assisted natural regeneration 1.67+1.28  1.17+0.9 1422 +7.70 13.05
Clonal forestry 3.50+£1.18 2.45+0.83 2.79+ 0.76 0.34
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Avenue plantations 0.97+0.84  0.68+0.59 10.97 £ 5.54 10.29

Tree Based Farming

Agro-horti Forestry 0.32+0.35 0.22+0.25 9.84+221 9.62
Agro Forestry 031+0.32 0.22+0.22 8.10+£25 7.88
Farm Forestry 3.99+1.77  2.79+1.24 3.10+041 0.31

Source: Calculations (2018)@30% moisture content

The productivity of the various plantation models were determinsmsed on field
studies (Table 3)9 The standing biomass for various models and age stands were
calculated by multiplying the produeity with age and area (Table 3.9

As the project was divided into multiple strata, the carbon stock was calculated for
individual strata. The carbon stock per unit area was multiplied by the area of the
project and the age of the plantation to produce an estimate of the total carbooksto
(tC) for the stratum.

alLi*C,,
Total carbon stock for the stratum (tC) Cs &

GKSNBY [A A& GKS I NBI dzy RENG tBec@lion siookhpier G dzY
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Table 3.10 Carbon stock of abeeground biomass (tC) for the project area.

Model 8 years 7 years 6 years Total

(2003-04)  (200405)  (200506)

Plantation on common and forest lands

Energy forestry 1054.93 453610 493881 1052984
Assisted natural regeneration 288159 1065340 1457925 2811812
Clonal forestry 58.25 0 17.72 75.97
Avenue plantations 53.54 0 680.52 734.08
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Total 4048.31 15189.5 20216.3 39454.08

Tree Based Farming

Agrohorti Forestry 0 38556 131521 1700.77
Agro Forestry 0 167.81 37203 539.83
Farm Forestry 0 11946 87244 991.90
Total 0 672.83 2559.68 323250
Grand Total 42690.50

The below ground biomass was determined using the regression equation. The total
carbon stock from living biomass for the projecea (tC) is given in Table 3.11.

Table 3.11 Carbonstock of living biomass under various carbon pools under the BERI
project

Model Aboveground Below-ground Total

biomass(tC) biomass(tC) (©)
t

Plantation on common and forest lands

Energy forestry 10529.84 1146.53 11678.58
Assisted natural regeneratior 28114.12 2730.51 30937.42
Clonal forestry 75.97 14.69 85.06

Avenueplantations 734.08 108.98 1021.10
Total 39454.01 4000.70 43722.16

Tree Based Farming
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