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Executive Summary

1. Introduction

The LIBERA (Livelihoods Improvements through Biomass Energy in Rura Areas) project
was a pioneering rura energy initiative conceived and implemented by consortium of
partners between 2001 and 2005.

The goa of LIBERA was to bring about concrete and sustai nable improvementsin rura
livelihoods Cand the project sought to achieve this by:

Providing energy services to improve the quality of life, including household and
community lighting, and powered water supply

By linking the supply of reliable and affordable energy to the devel opment of
productive activities aimed at improving food security and the generation of
additional income.

The project targeted the remote tribal communities of rural Orissa

LIBERA had afocus on collaboration and competence-pooling between organizations of
complementary capacities. The core partner ingtitutions include TERI (The Energy and
Resources Institute) New Delhi; Gram Vikas (GV), agrassroots, community development
organization in rura Orissa; SDC (the Swiss Agency for Development and Cooperation) and
Sorane SA, atechnical consulting firm based in Switzerland.

2. Charting Project Progress
The project was envisaged in two phases:

Technology Development Phase: October 2002 to December 2003, which aimed at
developing and testing a small gasifier based 100% producer gas engine power
system, and

Pilot Phase: January to December 2004, which envisaged Field-testing at Gram
Vikas and technology transfer for promotionin rural areas of India

Key eements of the technology development phase:

A charcoal-based gasifier system, suitable for rural e ectrification was developed
and tested at TERI[$ Gual Pahari campus. This was expected to provide inputsinto
the (future) development of a second generation, 100% wood-based gasifier, which
once ready, would be disseminated in 5-10 remote villagesin Orissa.

The charcoal -based system wasinstalled at village Kanheiput in Orissain 2004 as a
pilot project. Thisisowned and managed by trained operators from the community,
with technical back up support from TERI and GV.

Major outcomes of the technology development phase:

Technologica innovations, including the replacement of the LPG generator with a
pedal powered blower, which diminated the use of externa energy source for
starting the system; and an electronic governing system and automatic grate shaker,
that significantly improved system performance and managesability of the system.

Intensive capacity building of GV staff and the gasifier operators, in TERI[S Gud
Pahari campus, and hands-on training on the Kanheiput gasifier.




Lighting, fans, televisions and water lifting benefits for Kanheiput villagers. Other
planned productive applications, such as ahuller and a flour mill, however did not
take place, because of avariety of constraints.

Before the project could be scaled up however, a number of pressures surfaced, which
ultimately led to the closure of the project before all the planned outputs could be achieved.

Biomass availability in Gram Vikas villages: The starting point for LIBERA was the
understanding that many GV villages had established plantations, which could
provide adequate biomass resource to support a biomass gasifier. In 2004 however,
when the project was at the brink of scale up, it was realized that most of these
plantations were either non-existent or not available; and the figures and estimates
on which this assumption was based were no longer correct.

Demands placed by other external factors, such as TERI being awarded funding for
another gasifier project, which created pressure on TERI to have in place a working
wood based within alimited time-frame.

Gram Vikas was unable to secure the requisite certificates and authorizations it
needed to proceed with other pilot projectsin Orissa; thanksto the state
bureaucracy. In particular it could not secure the necessary non-electrification
certificates from the local electricity distribution company.

The LIBERA project cameto a closein March 2005. The work done during the project did,
however, lead directly to the subsequent development of awood-based system by TERI and
itsinstallation in remote villages in other parts of the country. It also provided an impetus
for further devel oping the energy programme of Gram Vikas.

3. Project Achievements

The LIBERA project was innovative in the way it was conceptuaized; in the way biomass
based energy service provision was visualized as something more than [ ectricity supplyCl
and in the way it brought several key playerstogether to collaborate and pay serious
attention to biomass as a resource. Key achievements of the project are asfollows:

a. A prototype model of rural energy service provision: The LIBERA project provided a
model for energy service provision to remote rural areas, amodel that brings biomassto
center-stage as afuel, that goes beyond electricity provision and addresses core issues of
rura poverty by linking energy service provision with productive applications, and that is
community-driven.

b. Contribution to national policy debate: The project contributed, to alarge measure, to
the national policy and programme development in the early 2000s, when the government
was re-looking at the rural energy policy, which finally culminated in the launch of the
Village Energy Security Programme (VESP). The lessons from LIBERA are particularly
relevant in the VESP context, and the fact that there are more than 25,000 villages that
require power supply of 525 kW daily, but are located in areas too remote for grid supply
to befinancialy viable. Community managed, and decentralized biomass based gasifiers
could be aviable option for these. It is somewhat difficult to cull out the direct impacts
LIBERA had on government policy, however severa of the policy developments that
occurred wereindeed in line with the goas of LIBERA and which LIBERA lobbied for
included:




The clear and specific inclusion of livelihoods development as a specific goa of
energy provision (in both RVE and VESP)

The development of integrated [@énergy securityCjprogrammes that targeted energy
service needs as opposed to focusing on the supply of a specific energy technology

A riseinthelevel of subsidization proposed by the government

The promotion of power plants sized to demand (In 2003, MNES began to promote
smadller scale gasifier systems, more in line with the needs of smaller villages)

¢. Technology development in biomass based power gasifiers: In technology devel opment
for biomass gasifier for power generation, the LIBERA project claims severa achievements,
some of which are;

Development of a charcoa based power plant package of 10-15 kW capacity.

Fine-tuning of the system to make it suitable for remote areas, by addressing issues
of:

Inadequate preheating of air going into gasifier, resulting in higher tar
content in raw gas

High maintenance requirement dueto sticky tar deposit formed due to direct
gas-water contact and condensation of tar

Wear and tear of engine piston rings-cylinder due to impuritiesin cleaned
gas

Introduction of a peda operated starting system, negating the use of diesel

Simple, easy to maintain aternate dry system configuration devel oped consisting of
In-built effective air pre-heater located inside gasifier shell

Dust settling chamber, gravel bed filter, cyclone for removing particulatein
hot gas condition

Dry gas cooler (water film outside gas carrying duct and water isre-
circulated and cooled using desert cooler concept) avoiding generation of tar
|aden wastewater and the associated disposal problem

Charcoal bed for tar adsorption

Simple foam filter to absorb mist as well as very fine dust and safety paper
filter

Development of standardized comprehensive tar dust content measurement protocol
and apparatus

Detailed tar and dust content measurement was carried out to systematically evolve
fina gas cleaning cooling configuration so as to reduce tar-dust content to minimal
possible level with keeping system configuration low cost and ssimple.

Standardization of engine parameters for 100% gas engine operation based on trial
testing with existing 2-cylinder 100% gas engine

Procurement and modification of 3 cylinder gas engine of 15 kWe capacity

Development and tria testing of engine governor and speed control
mechanism

Long duration testing of system with 2 and 3 cylinder gas engine with
charcod asfue




d. A Collaborative model of rural energy service provision: SDC facilitated and brought
together a complementary set of skills vested in a number of organizations, each an expert in
itsown field. The project forged new partnerships e.g. TERICDTU-Sorane SA and
strengthened the existing partnerships e.g. TERI-GV. The signing of atripartite agreement
between TERI, Sorane and DTU provided an opportunity for a systematic peer review of the
technology by DTU.

e. Enhanced visibility and recognition of TERI and GV as organizations with
competence in rural energy

4. Lessons learnt

a. Complexity in livelihood improvement through energy services in rural areas: The goa
of livelihood improvement and poverty reduction influences and isinfluenced by arange of
parameters. Firstly, it must be recognized that energy by itself is capable of making only a
beginning in the process of rura transformation and poverty reduction. Beyond that, as seen
in village Kanheiput, other inputs are necessary to bring about more profound changes,
especially the elimination of poverty. In particular, two kinds of inputs must be ensured, if
energy services areto be optimally utilized for poverty reduction:

Physical inputs, such as transport infrastructure, communication facilities and access
to markets

Inputs to devel op human and ingtitutional capacities of villagers (in areas of
education, skillstraining, exposure, vision building and community organization)

Another important factor to be recognized, especidly in the context of remote villages, is
that technology absorption isaslow process. In newly electrified villages, it isunredlistic to
expect villagersto become overnight, or even over afew years, highly effective
entrepreneurs when they arein fact, first time users of modern energy services. Conservative
goals such as increased cropping and va ue addition to agricultural and forest products
through energy inputsinto irrigation (as compared to large economic gains from new
improved income generating activities) may be more redistic in theinitial stages.

b. Investments required in facilitating demystification of technology: The LIBERA project
highlighted the complexitiesinvolved in implementing biomass energy projects, including
those related to handling the technology, management of biomass supply, and community
issues at thefield level. It takes along period of sustained investment and handholding for a
rural community to build their skills sufficiently to handle a power gasifier confidently. It
also brought to the fore organizational issues related to competence pooling, handling inter-
disciplinary teams, and the logistics of providing high quality service at remote locations.

5. Way forward

The LIBERA project provided an impetus to the ongoing work on rural energy, in abig way.
Apart from contributing to the ongoing national debate on remote, rural electrification, both
TERI and Gram Vikas used it asabasisfor their further work in the area.

a. Generating a body of experience through implementation projects: Post LIBERA, TERI
has undertaken a number of pilot projects for gasifier-based decentralized power generation
for rural electrification in collaboration with other institutions. These include apilot system




of 10 kWe capacity, at village Deodharain Komna Block, Nuapara district in Orissa; and
one at village Jemara, Korbain Chhatisgarh, and another at village Bhaogarh, Anta district
in Raasthan, both implemented in collaboration with the NTPC (National Thermal Power
Corporation).

b. Building Gram Vikas s rural energy portfolio: Since LIBERA, Gram Vikas has been
actively implementing community-based energy programmes using bio-diesel, biogas, micro
hydro, smokel ess chulhas, and solar photovoltaic applications. As envisaged in LIBERA,
Gram Vikas views energy as a service and a means to development, and promotes i ntegrated
solutions to address rural energy needs, where each project is directly linked to one or more
of the core programmes. LIBERA wasinstrumenta in building the technical capacities
within Gram Vikas, which gave it the confidence to venture into new areas such as micro
hydro.

¢. A roadmap for gasifier technology development: The LIBERA project made many
technologica strides, including development of a charcoal based power plant package of 10-
15 kW capacity and its field-testing in arural location. This provided useful operating
experience and datafor ng technical and economic viability of the system.
Specificaly, it led to initiation of R& D work on:

Low tar two-stage wood power gasifier. The ideawas introduced by the DTU team
during the LIBERA project and TERI has further initiated work on the concept.

The need for efficient charcoal making process was realized during thefield
demonsgtration at village Kanheiput. This hasled toinitiation of work on efficient
charcoa making systems including turbo-stoves.
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Chapter 1: Introduction

1.1 Background

([ Y
The LIBERA project (Livelihoods Improvements through c
Biomass Energy in Rural Areas) was a pioneering rural In this chapte r
energy initiative conceived, developed and implemented B ackg round
by consortium of partners between 2001 and 2005. The
god of LIBERA was to bring about concrete and Structure of the
sustainable improvementsin rural livelihoods Cand the document
project sought to achieve this by:

J

e Providing energy servicesto improvethe quality of =
life, including household and community lighting, and powered water supply.

e By linking the supply of reliable and affordable energy to the devel opment of
productive activities aimed at improving food security and the generation of
additional income.

The project targeted the remote tribal communities of rural Orissa.

During its active life, LIBERA represented one of the country[$ more strategic rural energy
initiatives. With its focus on collaboration and competence-pooling between organizations
of complementary capacities, it represents a partnership mode that is worthy of replication
in the future. The core partner ingtitutions include TERI (The Energy and Resources
Ingtitute) New Delhi; Gram Vikas (GV), agrassroots, community devel opment organization
inrura Orissa; SDC (the Swiss Agency for Development and Cooperation) and Sorane SA,
atechnica consulting firm based in Switzerland.

This documentation describes the activities pursued under the LIBERA project and attempts
to analyze its successes, shortcomings and magjor lessons. Aswith all such work, the project
did not take place in isolation and was affected by and also sought to influence the national
policy environment. In addition to the project[$ materia outputs and policy level impacts,
the documentation attempts to cover the processes used to devel op, implement and manage
the project.

1.2 Structure of the Document

The document in structured in three sections:

Section 1 provides the context and background of the LIBERA project and is divided into
two chapters. The current chapter serves as an introduction to the project, outlining the
objectives of the documentation and the areas covered. Chapter 2 sets the backdrop and
context of the project, in terms of the role of energy for the poor, the relevance of biomass
based energy, and the policy context within which the LIBERA project operated.




Section 2 forms the core of this documentation and chronicles the project activities, asthey
took place. It starts with the genesis of the project presented in chapter 3, followed by a
project sketch, including defining project objectives and the institutional setup, in chapter 4.
Chapter 5 documents the pilot phase of the project, including the technology devel opment
process, and the field testing in Kanheiput village, in terms of the progress made,
achievements and lessons learnt. Chapter 6 documents the challenges faced in further
upscaling of the project.

The last section starts with chapter 7, which discusses the achievements made by the project,
followed by chapter 8, which presents a synthesis of the experiencesin terms of lessons
learnt and way forward.
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Chapter 2: Biomass Energy and the Rural Poor

2.1 The Broader Context: Energy Services and the Poor

r

Worldwide, more than two billion people are dependent
on traditional biomass fuels for cooking and either lack

In this chapter

completely or suffer from inadequate access to affordable
modern energy sources such as electricity and gas. For
most of these people, poverty and energy insecurity walk
hand in hand. In the absence of modern energy
infrastructure, local biomassis often the only fuel
available for meeting their energy demands. The energy
services available are limited to what can be delivered
using the traditional fuel conversion technologies. Apart
from being inefficient and [dirty((polluting the local
environment and with detrimental health affectsto the
users), the traditional biomass technol ogies tend to be
rather limited in the services they can ddliver. As such, k

The broader
context

The option of biomass
energy

Government focus on
rural energy

Positioning LIBERA
in the national policy
context

N\

these communities suffer from alack of accessto arange =

of energy services necessary for productive activities and the
reduction of |abour intensive tasks such as water pumping.

Improving peoplels access to energy services can contribute to quality of lifeimprovements
on one hand, and economic and socia development, on the other, by improving the range of
choices available for livelihood strategies. The supply of improved energy services can

* Reduce daily drudgery, particularly for women, through labour saving devices such
aswater pumps and mills and increase the time available to engage in agriculture,

food processing, cottage industries and education.

* Facilitate development of new livelihoods and improve the efficiency and
productivity of traditiona ones through the powering of small machines (such as

leaf plate presses).

e Rediable, qudlity lighting makes villages safer and after-school education possible.

e Accessto dectricity, especialy in remote locations, makes people feel included in

mai nstream soci ety.

e Electricity can create additional monetary income through the powering of irrigation

pumps, thereby allowing the production of more crops
thereby increasing the volume available for sale.

(grain, fruit, vegetables),
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e Electrical lighting can extend the productive hours of aday, enabling processing

activities and home based
industries to operate after
dark.

At the same time however,
access to modern energy services
alone cannot reduce poverty, nor
doesit automatically lead to
sustainable improvementsin
quality of life for the poor. The
supply of electric lights or
mechanical power does not
automatically mean that these
will be productively utilized.
Indeed, many past initiativesin
rura energy focusing only on the
supply of energy have floundered
in their efforts to reduce poverty
precisely because they have
failed to link this supply to
concurrent efforts to see that
communities are supported to use
this energy productively to
improve their livelihoods. This
link between energy and
livelihoods may seem obvious;
however, it has often been
ignored.

2.2 The Option of
Biomass Energy

The price people pay for energy poverty*

Energy poverty increases the actual cost people pay for
the energy services they have and simultaneously inhibits
their ability to increase their productivity. In the absence
of [gridCelectricity, if people want light, they are forced
to use torches, lanterns or candles. For cooking, women
and children spend long hours every day collecting
firewood.

O Light from a battery-powered torch costs ~30 times
more than the equivalent light generated from [gridC]
electricity, light from a kerosene lamp costs 70 times
more and light from a candle around 150 times more
(ESMAP 1999).

0 The opportunity cost of the effort made in fuelwood
collection goes far beyond hours of Iabour; it translates
into hours away from other productive activities, in

agriculture, in other livelihood activities like craft, in paid

employment; hours away from school for girls who assist
their mothers in fuelwood collection; curtailed rest hours

for women; lost opportunities of self improvement and so

on.

* Energy poverty can be defined as [the absence of sufficient
choice in accessing adequate, affordable, reliable, high quality,
safe and environmentally benign energy services to support

\ economic and human development[](Reddy 2000).

\-

There are anumber of technologica options available to meet the energy needs of remote,
rural locations. Use of decentralized diesel generatorsis awidespread strategy; they are
cheap to ingtall and relatively easy to maintain; albeit not an environmentaly friendly
option. Another bottleneck is that the remoteness of these communities and limited transport
infrastructure often makes diesel an expensive and difficult-to-access commodity.
Renewabl e energy technologies (RETS) such as solar and micro-hydro can provide effective
solutions. Both of these however come with their own inherent limitations: solar has
excessive capital costs per unit of installed capacity, while hydro islimited by resource

availability.
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