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Appendix 1

Copy of Reference cited in Footnote # 2, Page 1
Geeta Vaidyanathan and Ramani Sankaranarayanan “Biodiesel — no conflicts here!”
as one of five articles examining the impact of biofuels on food-fuel security,
Appropriate Technology, Volume 34, No. 3, September 2007, pp. 12-14.
Editor: David Dixon; Publisher: Research Information Ltd., UK.
See also www.appropriate-technology.org
(full paper available only to subscribers — extracted here for reference — do not circulate).
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Renewable energy

Biodiesel - no conflicts here!

Over the last three years a village-scale biodiesel project has been taking place
in some of the villages of Orissa, India. It has been promoted by the Gram

Vikas-CTxGreEn Biodiesel Project.

Geeta Vaidyanathan and Ramani

Sankaranarayanan outline how the project has progressed.

™\
A barefoot technician trainee from Tumba demonstrating the hand-operated Mafuta Mali oil press.
Niger seed grown by farmers in Tumba is being pressed during this demonstration and feedback
session.

For the last three years CTxGreEn, a
Canadian NGO, has been working in
partnership with Gram Vikas in three
village clusters of Orissa to provide the
villagers with a secure source of energy
based on locally available biomass. The
approach has been to ensure that no
damage is done to the environment, that
traditional livelihood systems are
respected, and that new technology can
be sustained in the community.

The term biodiesel is used very
loosely today to describe anything from
straight vegetable oils (SVO) to a 5:95
mix of vegetable oil and petro-diesel,
and is even sometimes confused with
ethanol. which is also a bio-fuel but not
biodiesel. Biodiesel is prepared from
vegetable oil* but involves a chemical
transformation,  transesterification,
which converts triglycerides to esters in

* Biodiesel can only be prepared from vegetable oils that
are predominantly triglycerides. Such oils are mostly the
product of o1l seeds, whereas oils prepared from leaves
and other portions of trees and plants tend not to be
suitable for biodiesel preparation as they do not contain
any triglycerides.
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the presence of alcohol (99.5 per cent
pure ethanol or methanol) and lye
(sodium hydroxide or potassium
hydroxide). Such a change results in
the formation of biodiesel, which can
be used directly in diesel pumps and
generating sets, and glycerin a by-
product that must be removed and can
be either composted or converted to
soap.

The attractiveness of this chemical
transformation of oil, from the
engineer's point of view. is that oil that
is acidic in nature is neutralised in the
process and can be used directly in
diesel engines without any deterioration
of mechanical parts. Thus the user is
not subject to the burden of maintaining
a modified and thus unfamiliar diesel
engine. For the villager it is perhaps the
only renewable energy technology that
(a) produces a fuel that could be stored
easily and used as and when needed, (b)
has the lowest capital investment, (c)
maximises local value addition
(increased income) and (d) minimises

cash-outflow from the village economy
(for capital as well as operating
expenses).

Unlike most biodiesel efforts in
India that are hell-bent on promoting
large-scale mono-culture plantation of
Jatropha curcas, a non-indigenous plant
species (even suspected to have allelo-
pathic effects on native species), the
Gram  Vikas-CTxGreEn  biodiesel
project is unique in that it sources only
locally available and under-utilised oil
seeds,

The very small scale of the
technology (a five litre batch
production on a bimonthly or weekly
basis requires only 20 kilograms of
seeds/batch) was developed in dialogue
with the community and includes good
organic agronomic practices 1o
supplement local forest seeds like
karanja (Pongamia pinnata) and mahua
(Madhuca indica) with niger (Guizotia
abyssinica), an indigenous oil-seed,
that can be grown in village community
fallows.

Oil is pressed in a manual oil press
and the de-oiled cake is used as organic
manure in local agriculture. The oil is
then mixed (stirred) with alcohol and
lye in a pedal-driven machine for an
hour during which period the mixture is
converted into biodiesel and glycerin.
A clear separation occurs between the
two products within an hour after
pedalling. The denser lower phase
glycerin is drained out first. followed
by the lighter biodiesel. into separate
containers.  All the products are
environmentally-benign, and most
importantly the entire system promotes
recycling of nutrients within the region
and money is re-circulated in the local
economy.

In stark contrast to conventional
biodiesel projects which produce fuel
for automobiles, this project produces
fuel for prime-moving devices which
enhance productive livelihoods, food
production and access to basic needs.
Secondly, in this approach food crops
are not displaced. nor is there any
mono-culture. The focus is on locally
under-utilised oil seeds: forest tree-
borne oil seeds, such as mahua and
karanja, and minor oil seeds, like niger.
These are traditionally sold to

Appropriate Technology, Vol 34, No 3




Manjula Pradhan from Kandhabanta using pedal power to mix the newly pr

d oil with alcohol

and lye to produce biodiesel. Sukumari, also of Kandhabanta, awaits her turn.

middlemen for a pittance, bulked up
and then sold on for a profit. Most of
the niger seeds are exported, with a
large mark-up, as bird seed to Canada.
Qil is expressed from some tree-borne
oil seeds and sold to soap manufac-
turers, while the oil cake is used as
fertiliser outside the area. Thirdly the
technology is very small ‘with the
capacity to scale-up as needed.

Kinchlingi village

Since November 2004, the biodiesel
technology has functioned as a
volunteer-driven enterprise in the
village of Kinchlingi. The villagers are
being motivated to grow oil seeds on
community land and use tree-borne oil
seeds collected from their forests,
allowing money to circulate within the
village and restricting cash and nutrient
out-flows.

A few oil-bearing trees have been
identified as locally underutilised
species: mahua, karanja, and kusuma
(Schleichera oleosa). Cultivation of
niger and castor beans (Ricinus
communis) in agricultural land and
kitchen gardens has begun, to
supplement oil seeds collected from
forests. Preliminary biodiesel recipes
have been developed for a few of these
local oils.

Appropriate Technology, Vol 34, No 3
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Only half of the 16 households in
Kinchlingi own land and even these are
small or marginal farmers with
landholdings ranging between 0.5 to
two acres. While half the village
practices a mix of shifling agriculture
and horticulture (mainly in the form of
cashew), the other half are wage
labourers. In spite of that, last year the
village cultivated niger on about three
acres of land, spread out in four plots.
The harvest was good on one piece of
land ( 1 acre) and has provided for
roughly a quarter of their annual
requirement of oil for biodiesel.
Additional seeds were purchased from
a neighbouring village to supplement
the needs by exchanging forest seeds
for salt. By growing their own seeds
the village of Kinchlingi can offset their
cash outflow, and reduce the cost of
biodiesel by 60-80 per cent.

Every household is currently volun-
teering time (roughly an hour shift once
every month) to produce biodiesel and
operate the pump-set. However, when
a community is dependent on a daily-
wage earned either from selling fuel-
wood lopped from forests. or from
labouring in public works projects of
the government, or worse still
migrating seasonally in search of work,
it is hard to sacrifice even one day a

month for making biodiesel. In spite of
these challenges the village has been
running the biodiesel pump for over 25
months using more than 325 litres of
biodiesel to pump over 2,150,000 litres
of water.

Yudhisthir Behera remembers the .
travails of his wife and daughter-in-law
going down to the river to fetch water.
especially during the monsoon when
the path was slippery and the water
muddy. "The path leading to the river
today is overgrown with weeds from
lack of use, thanks to biodiesel."

Kandhabanta and Talataila villages
In the villages of Kandhabanta and
Talataila biodiesel is owned, operated
and managed by the women in the
community, with the assistance of a
barefoot technician. For the women the
time saved in going and fetching water
from the river (not to mention the
hazards of slipping on treacherous
terrain during the monsoons) can be
pooled to make enough biodiesel for
the village. However such a connection
is at best tenuous as women are usually
involved in some activity or the other
throughout the year and if indeed time
were saved they would use it to
augment their income.

Biodiesel in these villages was
initially used for water-pumping (over
148 days, 90 litres of biodiesel were
used to generate 130kWh.of electricity
and pump up over 488,000 litres of
water) but a gravity-flow water-supply
system has sinc¢e replaced it. The
communities would now like to use
biodiesel for pumping water in the
months that the gravity flow runs dry
and for providing two-to-three hours of
electricity for home-lighting, The
communities are currently discussing
how to sustain such an enterprise with
village-grown feedstock and a minimal
cash-flow to the outside, even as alter-
natives for lighting (individual LED
based mobile lighting versus a mini-
grid supplying to two power points in
the house) are being explored.

Hara Guru, a member of a self-
help-group, feels that the responsibility
cannot rest on an individual. "Our
group can take it up but a single person
will not be able to." With constantly

13



Renewable energy

changing demand the self’help-group
continues to be dependent on the
barefoot technician. Once routine
operations set in, the intention is that
the women will be able to supplement
their income by providing an energy
service to their community of 32 house-
holds.

The Sauras of the Tumba hills

The third area of implementation, in the
Tumba cluster, has been a slower but a
more involved and elaborate process,
involving eight-ten villages and 180-
200 households. There are nearly 50
villages dotting these hills some of
which are 1000 metres about sea level.
Access is mainly by foot as there is
little infrastructure. The people belong
to the Saura tribe. an indigenous
community dependent on the forest for
subsistence. They practice a form of
shifting agriculture known as bogodo
and collect forest produce to
supplement their income. Seasonal
migration by men to cities is common
to supplement cash income, breaking
up the family unit and leaving women
to fend for themselves and their
families.

Working with the villagers in this
community, an assessment was done of
the underutilised oil-bearing trees in
their forests. Using watershed bound-
aries to demarcate resource clusters, the
community has identified two core
villages for siting the biodiesel unit and
other villages in the vicinity where the
service from the fuel will be provided.
The protection of aquifers through soil
and water conservation measures,
terracing to protect soil erosion, identi-
fying forest tree-oil species and
enumerating them, quantifying their
yield, and identification of community
land to grow oil seeds has been the
focus of activity so far.

An oil pressing and biodiesel water
pumping demonstration was carried out
and the local community participated in
assessing the viability of the technology
in their area. The community has
identified small livelihood activities
like oil expelling and water pumping
for irrigation as the niche for biodiesel.
The hope is to run the unit as an enter-
prise for generating income. Local
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Saura youngsters who dropped out of
school (rebelling against the system).
are undergoing extended training in
processing and quality control of the
fuel, stock keeping. operation and
maintenance of the machines, and
additionally in agronomy so that they
come to understand the ethics of local
economic development and environ-
mental concerns.

The aim is get the communily
confident in handling the technology
and, also to ensure they have sufficient
locally grown or collected feedstock to
run the prime-moving device be it the
pump or the generator set.

For us, the spark in the eyes of the
young boys and girls training with us as
they realise that the chemistry is
familiar - the same as in their traditional
alcohol brewing, or when they fully
comprehend the importance of
viscosity as a measure of the flow of

fuel to feed the engine - the same as
how food in our stomachs energises us,
is reward enough..

For morve information contact
Geeta  Vaidvanathan /  Ramani
Sankaranarayanan, CTxGreEn, 38
Queen Street South, Kitchener, Ontario

N2G 1V6, Canada. Tel: +1 519 957 .

1708. Email: ramanisan(@yahoo.com,
g vaidvanathan@yahoo.com,
gvaidvan@fes.uwaterloo.ca

Ramani Sankaranaravanan / Geeta
Vaidvanathan, Gram Vikas-CTxGreEn
Diesel Project, Mohuda Village,
Berhampur 760 002, Ganjam District,
Orissa, India. Tel: +91 680 226 1866
ext 230 (office) ext 295 (residence),
Fax: +91 680 226 [862. Email:
ramanisan@yahoo.com,
g vaidyanathan@yahoo.com,
gvaidvan(@fes.uwaterloo.ca. Website:
www.theworkingcentre.org/wscd/ctx/
ctx.liml

Hands-on training of bare-foot technicians on the biodiesel generator

Credit: CTxGreEn

Appropriate Technology, Vol 34, No 3

.

i —




GrekEn

Kitchener, ON - Caniada CT,GreEn “Village-scale Biodiesel Prod’n & Use” Model — Strategic Plan — Oct'08

Appendix 2

Village-Scale Biodiesel-Fuelled Energy System
One of four global case studies featured in the PREP 8 (WISIONS issue):
“Sustainable Biofuels Production and Use - Options for Greener Fuels”
Issue IV. 2006

Promotion of Resource Efficiency Projects (PREP) — WISIONS of Sustainability
Wuppertal Institute for Climate, Environment and Energy, Germany
A copy of the above publication is available in the web: see www.wisions.net
(only the introductions and our case study are included in Appendix 2)
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WISIONS

SUSTAINABLE DEVELOPMENT IS POSSIBLE

WISIONS is an initiative of the Wuppertal Institute
for Climate, Environment and Energy, carried out
with the support of the Swiss-based foundation
Pro-Evolution, to foster practical and sustainable
energy projects.

Sustainable development is possible. Numerous
innovative and valuable contributions from different
countries, fields and institutions have shown that an
appropriate reconciliation of economic, ecological and
social factors is not unrealistic utopia. We have made
a promising start, but the greatest challenge still fac-
ing us in the 21st century is to learn how to use the
world's resources more efficiently and in an ecologi-
cally sound and socially balanced way.

Progress is being made; however, fourteen
years after the UN Conference on Environment
and Development in Rio de Janeiro, many people,
especially in developing countries, still lack access to
resources, clean technologies, and education. At the
same time, people's level of resource consumption and
means of production remains unsustainable.

To meet global challenges like climate change,
water scarcity and poverty, it is necessary to foster
projects of potential strategic global importance by
supporting them so that they can be implemented
locally. Examples of good practice need to be actively
promoted to a wider audience.

WISIONS promotes good practice in resource
efficiency through its publication of relevant success-
ful projects in its Promotion of Resource Efficiency
Projects: PREP

WISIONS also provides consulting and support
to ensure the potential seen in visions of renewable
energy and energy efficiency can become mature
projects through its Sustainable Energy Project
Support: SEPS

e
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SUSTAINABLE BIOFUEL PRODUCTION AND USE
OPTIONS FOR GREENER FUELS

As fossil energy resources are in decline
and the need to become less reliant on
energy imports is becoming more and
more relevant in political discussions,
alternative energy sources are needed.
Biofuels are one possible replacement
for fossil fuels. Although biofuels still
cost more than fossil fuels, their share
in terms of use is increasing worldwide.
The global production of biofuels is now
estimated to be about 35 billion litres
per year.

Biofuels can make a significant con-
tribution in reducing the dependency
on fossil fuel imports, especially in the
transport sector. Another advantage of
biofuels is their contribution to climate
protection: as biofuels are usually con-
sidered to be CO, neutral, their use helps
to reduce greenhouse gas emissions.
Fossil fuels, on the other hand, are a
major source of CO, emissions. In Europe,
for example, transport is responsible for
about 21 percent of all GHG emissions
that contribute to global warming.

Biofuels are usually used for trans-
port fuels, but they are also applicable
for electricity and heat generation. In
relation to reducing dependency on fos-
sil fuel imports, the use of biofuels as
transport fuels is particularly effective;
however, from a climate protection point
of view the efficiency could be greater if
biomass were also used for generating
both heat and electricity in CHP plants.

There is a wide range of appropriate
biomass sources and a broad mixture
of resulting biofuels. Biomass input for
biofuel supply often constitutes waste
products from some other activity or
process, but biomass can also be grown
for specific use as a biofuel. Common
liquid biofuels of the so-called "first
generation" are pure plant oil, biodiesel
and ethanol based on sugar and starch
crops. Among the “"second generation”,

synthetic biofuels as biomass-to-liquids
are currently the subject for wide-rang-
ing discussion. Last but not least biogas
is a possible future option.

However, the promising qualities and
potential of biofuels also bring an ele-
ment of risk — the social and environ-
mental dimension of cultivation has to
be taken into account and, in particular,
plantation areas could become a problem.
A new and growing market for biofuels
may provide incentives for over-harvest-
ing and the establishment of plantations;
the intensity of agricultural land may
rise and this would have major impacts
on habitats, biodiversity, water supplies
and soils.

Photo: PixelQuelle.de

In this brochure, WISIONS focuses
on sustainable biofuel production and
use. WISIONS presents successfully
implemented projects from Ghana, India,
Austria and Indonesia, with the inten-
tion of further promoting the particular
approaches used by these projects. Using
a key number of internationally accepted
criteria, the main consideration for the
selection of the projects was energy and
resource efficiency, but social aspects
were also of relevance. The assessment of
the projects also included the considera-
tion of regional factors acknowledging
different needs and potentials.

All projects that fulfilled WISIONS
application criteria were independently

reviewed, and four of them, with the
potential to make a significant impact
on global energy and resource efficiency,
are published in the following pages.
WISIONS is pleased to present good
practice examples from ambitious
projects which have been successfully
implemented on different continents. All
of these projects are appropriate within
their local context and have been devel-
oped to a level which meets WISIONS
selection criteria. Although uniquely
designed for a particular setting and
problem, the projects presented can be
adapted to different situations or can
provide valuable information from their
implementation phase. Links to the illus-
trated good practice examples shown in
the brochure, as well as a couple of other
issue-related good practice projects, are
available on www.wisions.net.

The selected projects are not intended
to represent the only possible courses of
action to take in the area of sustainable
biofuel production and use but they do
demonstrate promising approaches.

The next PREP brochure, following the
same objectives, namely to collect, evalu-
ate and promote good practice examples,
will highlight the issue of "Renewable
energy in the food supply chain”.

Photo: PixelQuelle.de
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Location:
Orissa, India

Project's Aim:

To provide running
water in non-grid
villages using
locally produced
biodiesel

Technical Answer:
Establishment of a
biodiesel-based
water pumping
programme

Photo: CT,GreEn
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VILLAGE-SCALE BIODIESEL-FUELLED ENERGY SYSTEM

Photo: Pedal-driven Biodiesel Reactor; CT,GreEn

The organisations CT,GreEn (Canada) and Gram Vikas
(India) are working together to create a biodiesel-
based water pumping programme in four village com-
munities in the region of Orissa, India. The project's
objective is to provide the communities with water
supply and sanitation services by means of an energy
system based on renewable resources, which also
helps to create local economic opportunities.

Underutilised forest seeds will be collected and
native local oil-bearing crops will be grown in order
to create a sustainable plant oil source. The vegetable
oil can then be extracted and used as feedstock for
conversion into biodiesel using reagents/catalysts.
The biodiesel will then fuel pump-sets and small-scale
power generation sets.

Two installations have already been completed; in
Kinchlingi and in the twin villages of Kandhabanta-
Talataila the villagers are producing biodiesel from
vegetable oil via the process of transesterification

L-_nn-.

using pedal-powered machines. Water pumping
fuelled by biodiesel has been in use since May 2004
and biodiesel-fuelled power generation since July
20065.

BENEFITS

Three of the non-grid villages within the target region
now have access to a piped water supply. A further
benefit will be the extension of the biodiesel energy
system to provide electricity in rural areas, which will
commence once the sustainability of the project has
been proven for water pumping.

Additional benefits include new livelihood oppor-
tunities for the villagers, conservation of indigenous
forest trees, cultivation of under-utilised oilseeds in
fallow land, and enhanced skills within the local com-
munity to operate and manage the biodiesel-based
energy system. The project operates according to the



principle that the technology used can,
and will, lead to land regeneration.

SUSTAINABILITY

The simplicity of the pedal-powered
equipment, together with rigorous oper-
ating procedures and partnerships with
diesel equipment suppliers, has contrib-
uted to the project's success. The tech-
nology is presently based in self-help
groups, which are run by women and
act as savings and credit organisations
geared toward activities that generate
additional income. A core team of local
staff members is being created to support
the operational training at village level as
well as to train maintenance personnel.

The strategy for the future of the
project foresees extending the operations
of the pilot plant into a resource centre
for biofuel-based livelihood strategies.
Later, it could be expanded to offer
action-oriented research support to field
NGOs and to facilitate the installation
and commissioning of new biodiesel units
including South-North training sessions
and knowledge exchanges, micro-energy
research and development, and further
collaborative partnerships.

TECHNOLOGY

Biodiesel-fuelled pump sets (3.5-5 HP)
and small scale power generation sets
(2-3kW) are being structured as a closed-
loop package. Vegetable oil extracted from
locally grown (and native) oil-bearing
crops serves as feedstock for conversion
into biodiesel. Alcohol (methanol or etha-
nol) and lye (sodium or potassium hydrox-
ide) are the reagents/catalysts required
to convert vegetable oil into biodiesel.
Alcohol and lye are both currently being
purchased, but in the near future these
will be produced from local biomass.

Photo: Hands-on training; CT,GreEn

FINANCIAL ISSUES

The core funding for the energy sys-
tems (pilot plants plus four village units)
was provided by WBDM (World Bank
Development Marketplace) in 2003,
amounting to US$ 230,000. The water
supply systems in three villages were
built through bilateral funding (Rs.
202,200) with the village communities
contributing the remaining 40 percent
of the infrastructure cost. The Swiss
Agency for Development Cooperation-
Intercooperation (SDC-IC) funded a study
on legal challenges (Rs. 190,000).

Support in the community is pro-
vided by Gram Vikas. The University of
Waterloo and The Working Centre of
Kitchener, Canada, have been partners
at various stages. The International
Development Research Centre Canada,
which provided C$ 20,000, and the Social
Sciences Humanities Research Canada
have recently funded a doctoral research
project.

OBSTACLES

The main challenge for the project was
to communicate the complexity of man-
aging a renewable energy system to
the local communities. Most obstacles
were overcome by involving the com-
munity in the early stages in technology
development and by training barefoot

technicians. Developing the pilot plant
as a nodal centre for raw material pro-
curement and final product testing,
establishing standard operating practices
in all installations, working with local
equipment suppliers for servicing diesel
engines and setting up an efficient infor-
mation retrieval system are all measures
that have helped reduce bureaucratic and
technical hurdles.

REPLICABILITY

Training the local youth to provide tech-
nology support to the women's groups
that operate and manage the biodiesel
units in the villages has begun on a small
scale. The goal is to increase the number
of trained barefoot biodiesel technicians
and for them to act as ambassadors for
replication in other villages. The pilot
plant on the Gram Vikas campus was
set up in February 2004 for the design,
development and testing of machines
and processes, and to train villagers.
Performance monitoring of diesel pump
sets and gensets are ongoing, along
with exploratory discussions with engine
manufacturers to ensure warranty cover-
age.

CONTACT

CT,GreEn (Community-based
Technologies Exchange fostering
Green Energy Partnerships)

Mr. Ramani Sankaranarayanan PhD;
Ms. Geeta Vaidyanathan

e-mail: ramanisan@yahoo.com
URL: www.theworkingcentre.org/
wscd/ctx/ctx.html

@1
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Appendix 3

A copy of the most recent publication on our work:

Geeta Vaidyanathan and Ramani Sankaranarayanan “Technology and Economics Where People Matter”
Published in the “e-net energy network” magazine, www.sa-energy.net, Vol. 2/2008, July 2008, pp.3-6.
(Cover page, editorial and our paper extracted for reference only — do not circulate)

See www.sa-energy.net
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The « /July: 2008
issue of the e-net
magazine - focuses
‘on emerging
- . technologies -~ in
edltorlal the renewable
energy sector for
community  based
initiatives. In the
context of the world
energy crisis and
competing demands
for resources these
initiatives show how the burgeoning energy needs of the
world’s populace can be met. Articles within this issue
feature technology solutions aimed at enabling the poor
to meet their energy needs. We are happy that we have
a contribution from Bhutan for this issue along with
valuable contributions made from India, Sri Lanka, Nepal
and Pakistan.

The articles highlight emerging technologies which are
being managed, or have potential to be managed by
community based institutions to address their energy
needs. Mr. Punchibanda’s article describes a biomass
rice cooker developed by NERDC Sri Lanka that can
cook rice and keep it warm using coconut shells and
reduce a household’'s increasing fuel cost burden.
Dr. Chanakya's article on biomass based biogas (3B)
introduces a new development in biogas. It explains
how biogas can be produced from organic wastes other
than cow dung and offers biogas to communities not
owning cattle. The issue also carries an article from
Nepal describing how communities have benefited from
the improved water mills. The contribution from Bhutan
is about the e8's micro hydro project that meets the
energy needs of the rural poor. Geeta Vaidyanathan and
Ramani Sankaranarayanan share the experiences of
CTxGreEn in biodiesel production at the village level
and make a case for supportive policies, and community
structures as strong enabling mechanisms.

Of key importance to the introduction of any technology
to a specific area apart from its technical viability are
the socio-economic and cultural. considerations which
need to be taken into account to make the technology a
success. Nusrat Habib's article which looks at the need
for cook stoves and ovens in Pakistan highlights such
compatability.

The e-forum conducted in June, as part of e-net’s initiative
to promote collaboration and the sharing of experiences
in the South Asian region, focused on information needs
of communities. The contentious question was whether
the South Asian region had the expertise, knowledge, and
resources to meet this gap. An excerpt of the outcomes of
this forum is included in this issue.

We hope that you find the contents of this issue relevant
to your information needs. Please let us know what you
think by filling in the feedback slip attached with this
issue or write to us at e-net@sa-energy.net. This issue as
well as previous issues are available on the e-net website
WWW.Sa-energy.net.
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TECHNOLOGY AND ECONOMICS WHERE
PEOPLE MATTER

e net

energy network

By Geeta Vaidyanathan and Ramani Sankaranarayanan

This article deals with village-
level  biodiesel  production
in rural India using locally
available and under-utilised oil
seeds. Challenges faced when
introducing  technology and
complementary implementation
systems that are “new” to the
villagers are explained. Apart

from technical feasibility,
other key factors that ensure
the robustness, replicability

and sustainability of such a
technology system are also
highlighted.

Today, biodiesel is in the centre of
the food-fuel conflict. While the
tension between food and fuel has
to be better understood what cannot
be ignored is that growing your own
food and meeting your energy needs
in a decentralised manner with
renewables both face macro-policy
challenges that make it difficult for
“Small is beautiful” to be sustained
economically. Independently
producing energy and growing food
for personal use cannot be assessed
at their face-market-value alone.
They should both account for the
non-market exchange aspect of their
productionand use, and be accredited
for their environmental soundness
and contributions to lowering of
greenhouse gas emissions.
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Future area of operation,
Tumba/Raikhal village
cluster, Tumba project
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(ORISSA)

Biodiesel pilot
plant at Mohuda
village, Gram Vikas
head-quarters

First village
installation,
Kinchlingi village,
Anandpur project

Second village instal-

lation, Kandhabanta-
Talataila villages,

Rudhapadar project

Map of India indicating the three areas of operation of the Gram Vikas-CTxGreEn Biodiesel

project in the state of Orissa (Source: www.censusindia.net/maps/popden.html, viewed on 28/09/2005)

Biodiesel from non-edible oil seeds
when used for fuelling livelihoods in
a decentralised/dispersed manner,
can lead to stronger local economies
without creating any conflict with
food security. When used as a
community-tool  for  productive
livelihoods instead of fuelling more
personal transportation (tantamount
to consumption) there will be
enough renewable-fuel that can be
grown in addition to sufficient food.
In the context of rural economies of
developing countries, biodiesel could
translate into fuel for pumpsets and
thus assured irrigation for a high
value second crop. The Gram Vikas-

economy.

The term biodiesel is used very loosely today and could mean anything from
Straight vegetable oils (SVO) to a 5:95 mix of vegetable oil and diesel, and
is even sometimes confused with ethanol, which is also a biofuel but not
biodiesel. Biodiesel is prepared from vegetable oil but involves a chemical
transformation - triglycerides to esters - in the presence of alcohol (99.5%
pure ethanol or methanol) and lye (sodium hydroxide or potassium
hydroxide). Such a change results in the formation of biodiesel, which can
be used directly in diesel pumpsets and gensets. The glycerin which is a
by-product of the production process can either be composted or converted to
soap. The attractiveness of this option from the engineer’s point of view is that
oil, which is acidic in nature, is neutralised in the process and can be used
directly in diesel engines without any deterioration of mechanical parts. Thus the
users are not required to do any modifications to their familiar end-use device.
For the villager it is perhaps the only renewable energy fuel that could be stored
easily and used as and when needed, without incurring great expenses, while
maximising local value-addition with very low “cash-outflow” from the village

CTxGreEn Biodiesel project launched
through a World Bank Development
Marketplace Award (WBDM 2003) is
an example of how biodiesel could
be produced and used locally in
rural communities. The collaboration
between Gram Vikas and CTxGreEn
has completed four years in February
2008 and has since advanced
beyond its initial focus of serving up
an addition to the renewable energy
toolkit for the water and sanitation
program into an integrated livelihood
service. The “village level biodiesel
production” is a ‘no-conflict’ model!
(Biodiesel - no conflicts here! 2007)
that does not promote large-scale
mono-culture plantations but relies
on under-utilised locally available
indigenous oil seeds.

Most biodiesel efforts in India
that rely on promoting Jatropha
curcas, which is a non-indigenous
plant species (suspected to have

1Biodiesel when produced from under-utilised oil
seeds does not lead to diversion of land previously
allocated for producing food and so does not
create conflicts with food security. Additionally,
since the fuel is produced and used locally for
productive livelihoods it does not create huge
demands of the nature and scale generated by
consumptive transport fuels. Moreover, since the
fuel and food are both produced and consumed
locally, there is a much lower risk of these
conflicts creeping up.
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Kunnu Pradhan, Self Help group
member, at the biodiesel reactor during
a training session
(Photo courtesy of CTxGreEn)

allelopathic  effects on native
species?). The GV-CTxGreEn biodiesel
project is unique in that it sources
only locally available and under-
utilised seeds. The production
schedule for this very small-scale
technology (5L and 20L batch
production on a bi-monthly or
weekly basis requiring only 20kg to
80kg seeds/batch respectively) was
developed in consultation with the
community. The package includes
good organic agronomic practices to
supplement local forest seeds like
karanja (Pongommia pinnata) and
mahua (Madhuca indica) with niger
(Guizotia abyssinica) an indigenous
oil-seed, that can be grown in village
community fallows. Biodiesel is
produced in a pedal-driven reactor
that can be maintained by anyone
with  basic  bicycle-maintenance
experience. The fuel thus produced
can then be used in a regular
pumpset, replacing diesel fuel.

The Mohuda Pilot Plant and Training
Centre were established during May-
June 2004. Biodiesel production
units were set up in Kinchlingi in
November 2004 and in the twin

2Pankaj Oudhia, “Bare facts about poisonous
Jatropha curcas”.

villages of Kandhabanta — Talataila
in December 2004. Although the
(bio)diesel-pumpset was installed in
Kinchlingi early February 2005, daily
water pumping could commence only
in June 2005, after completion of
the water tank in the village. In spite
of several challenges, the village of
Kinchlingi has succeeded in running
the biodiesel pumpset for 690 hours
using more than 452L of biodiesel to
pump over 2,180,000L of water.

In the second set of villages,
Kandhabanta and Talataila, a (bio)
diesel pumpset alone was not
suitable since the water table dips 35
feet below ground level in summer.
A biodiesel-fuelled generator set
was required to generate electricity,
which could then power the %2 HP
submersible pumpset.

The third area of implementation,
is Tumba - a cluster of villages.
Detailed assessment of natural
resources and prevalent livelihood
practices has led to an integrated
micro-energy plan being designed
for this area. The objective is to
implement village-level biodiesel
production in an entrepreneurial
manner and ensure sustainability
through local participation and local
utilisation.  Benefits will accrue
to the entrepreneurs running the
hand-operated oil mill, the biodiesel
production centre, biodiesel
livelihood services, as well as to the
by-product value addition group. The
community at large will also benefit
in terms of increased agricultural
productivity, progressive reversal of
shifting agriculture® through stabler
agricultural practices, more jobs in
the local area, capacity building,
and reduction in the cash outflow for
purchase of edible oils and so on. As
the first step, business profitability
of the hand-operated oil press was

3 Shifting agriculture in Tumba, also called
Bogoda, uses the ash from the burnt biomass
as fertilizer avoiding any chemical inputs.
Oilcake can serve as a substitute for ash and
in the absence of chemical fertilizers sustain
the prevalent cropping pattern without slash
and burn.

demonstrated during the months of
February-March 2008 at Raikhal?,
and potential entrepreneurs and Self
Help Groups have been recruited for
future implementation.

The biodiesel unit in Kinchlingi,
which was initially planned as a
“technology demonstration unit” and
continuously functioned for almost
four years is now the learning ground
for further replication.

Biodiesel in Kinchlingi

Kinchlingi is a village of 16 families
and apopulation of 73 belongingtoan
indigenous forest community called
the Sauras. Almost all the families
have income levels less than a $1 a
day (source: www.wakeupcall.org).
Only half of the families own land,
mainly small-holdings ranging from
0.5 to 2 acres, while the rest earn
their living through sharecropping or
as casual labourers. The dependency
ratio of the village is about 1:3, i.e.,
every earning member has roughly 3
mouths to feed. The Sauras practice
a form of slash-and-burn agriculture
with the difference being that they
rotate between limited numbers of
land and are back to the same plot 3
years later. Sometimes they use the
same plot for two consecutive years,
and even move to stable agro-forestry
practices by growing cashew as a
cash crop. Kinchlingi is attached to
a reserve forest and the village has
formed a Forest Protection Committee
which jointly manages the forest
with the Forest Development Agency.
A forest assessment conducted in
the vicinity of the village revealed
that there was not enough feedstock
for biodiesel. With the village having
very little land (private or community
owned), growing seeds was going
to be an uphill task. The reason for
choosing Kinchlingi forimplementing
the biodiesel system was that the
NGO Gram Vikas felt that the small

“Raikhal is one village in the Tumba cluster of
22 villages and is at 600m elevation. None
of the villages in this cluster have access to
electricity and all of them are accessible by
foot only.

&¥ 2008
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Mangala pressing niger seeds during the
Mafuta Mali oil press demonstration in
Kinchlingi on Feb 2007
(Photo courtesy of CTxGreEn)

village could be easily motivated.
The village was to serve only as a
demonstration - a test of the technical
feasibility of the project. The only
criterion was that the selected village
should have a village committee
for water-supply and sanitation, be
willing to implement the program
and build washrooms and a water
tank. A readily available source for
pumping water but no access to grid-
power meant that to provide running
water in the washrooms, an alternate
energy source was needed and it is
here that biodiesel fitted in.

Gram Vikas field staff decided to
explore the idea with Kinchlingi
villagers. Biodiesel appeared to fit
the bill and the villagers felt that in
future they could collect or barter
seeds from neighbouring resource-
rich villages in the future or even
acquire community land and grow
seeds.

As Kunnu, one of the women in
Kinchlingi said on the day of the
initial meeting “We should not rely
only on the forest seed but cultivate
our own seeds so that we can have
control rather than rely on people
outside.” The women in the village
immediately launched into the
construction of the washrooms and
most of the time filled in for the

&¥ 2008

men who had migrated to the city
for work, in order to complete the
infrastructure on time. Biodiesel
was produced in Kinchlingi using
a pedal driven biodiesel reactor in
record time - within nine months of
the launch of the project.

In the meantime there was a regular
exchange of information and opinions
between the village and the biodiesel
project team. These included inputs
into the machine design (e.g. ‘the oil
press requires too much effort’, ‘the
bicycle seat in the biodiesel reactor
is too high’, ‘can the reactor tank
where oil is poured be lowered?’)
and knowledge about availability,
collection, drying and storage of local
forest oil seeds. Land was identified
for sowing niger communally and
orientation and trainings were
organised for the village youth in
the hope of enlisting them as future
biodiesel technicians. One boy from
a neighbouring village was identified
for intensive training in order to
support the village in the operation
and maintenance of the biodiesel
unit. The Kinchlingi community
decided that they would run the unit
by volunteering time in the form of
sweat equity®.

The village of Kinchlingi needs
between 11-13 litres of biodiesel
every month, which can be produced
in roughly 2-3 batches, with each
household providing one volunteer
every month. The villagers have
used community and private fallows
belonging to other neighbouring
villages to grow niger consecutively

5Sweat equity is a term popularised by Habitat
for Humanity, for labour contributed in terms
of voluntary-work that is assigned a monetary
value equivalent to the opportunity cost. The
Kinchlingi volunteer-run model was suggested
by Gram Vikas staff working there as they felt
that the community could contribute labour
but might not have extra disposable income to
pay tariff for water. A volunteer-run model was
worked out and a base amount established for
each household: sweat equity as contribution
towards biodiesel production and for growing
or collecting feedstock in addition to a basic
tariff for other chemicals.

A
l e
for the last three years. Cost of oil
and therefore the price of oilseed
have a great bearing on the final
cost of biodiesel. Qil is over 80%
of the raw material cost of biodiesel,
while alcohol is 14% and lye 2%.
In 2006, the village of Kinchlingi
harvested about 141kg niger seeds
through voluntary labour and were
even able to get a fairly good harvest
of about 80kg/acre in one of the four
plots. The actual cash outflow for
these seeds was nil, and so the cost

of biodiesel was only about Indian
Rs. b0O/L.®

Every household is currently
volunteering time (roughly a one hour
shift once every month) to produce
biodiesel and operate the pumpset.
However, it is hard to sacrifice even
one day in a month to provide sweat
equity for making biodiesel when a
community is dependent on a daily
wage earned either from selling fuel
wood lopped from forests, or from
labouring in public works projects
of the government, or worse still
migrating seasonally in search of
work. In spite of these challenges the
village has been running the biodiesel
pumpset since 2005 because of the
enthusiasm of a handful of villagers.

Gravity flow water system has replaced
biodiesel pumping in Kinchlingi as
of May 2008. Since there may be a
drastic reduction in flow from the
gravity flow source during the hot/
dry season (May-June), biodiesel will
continue to be a back-up energy source
for water pumping. Discussion has been
initiated with the community members
of Kinchlingi on the future use of the
biodiesel reactor and pumpset. Villagers
want to retain the biodiesel system for
another two vyears. Lighting through
biodiesel-fuelled  battery-charging  of

6The cost of biodiesel could be further
reduced by approximately 15% with improved
harvest (200 to 300kg/acre is the potential
harvest) and better oil yields, both of which
are possible with timely sowing and input of
organic manure. If the seeds were fully paid
at market price the cost would go up by 15%
to 20%. However, 80% of that money would
remain in the village economy.

nergy network
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Narsing Pradhan pedalling to produce

5L biodiesel in Kinchlingi on Dec 2004
(Photo courtesy of CTxGreEn)

LED lighting systems, irrigation and oil
expelling are some possibilities for use
of biodiesel, besides pumping during the
summer months. Villagers have agreed
to grow niger this year too. They will try
to sow at least 4 acres of land including a
patch of previously unused community
land, in a timely manner.

The  technical feasibility  of
village-scale biodiesel-fuelled water
pumping has been established
beyond any doubt in Kinchlingi.
However the approach proposed
by the CTxGreEn project looks at
technology as only one among four
other key elements essential for
project sustainability, the other
elements being:

1.Land - to promote optimum use
of soil, water resources and avoid
conflict of use

2. Robust community structures for
management of the technology

3. Understanding the current energy
use patterns and future aspirations
of the villagers

4.l egal and policy issues to facilitate
the grassroot processes.

The robustness of the biodiesel
system and its replication will
depend on these four factors and not
on technology alone.

Another area of concern has been
the gap between planning and
implementation owing to the cultural
milieu where village decisions are
still male-dominated and often not
beneficial to women. Thus gender-
sensitive planning does not always
translate into an actual gender-
sensitive plan. Similarly, the literacy
level within the village is extremely
low, making the training process
more challenging. Young girls are
being recruited into the training
process as they are less likely to
migrate to cities. There is the risk
of girls leaving the village after
marriage, yet the chances of their
being in the region and continuing to
assist the development work is high.
The ultimate test of the viability of
the technology will be the ability of
the local youth being trained as bare-
foot technicians to independently
operate and manage the
technology.
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Appendix 4

2005 Intel Environmental Laureate, CTxGreEn, Tech Awards 2005
The Tech Museum of Innovation, San Jose, California, USA

See www.techawards.org for more details of the citation and the project.
A short video-clip is also available on-line at above website
(search for Laureate videos and then choose CTx GreEn)
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Project Country: India

Project Overview:

CTy Green is an abbreviation for “Community-based Technologies Exchange — fostering Green
Energy Partnerships.” CTx GreEn is a small voluntary sector organization that promotes green
energy technologies and partnerships within the context of sustainable livelihoods. The mission
of CTx GreEn is to research, assess, facilitate and implement community-based renewable
(green) energy projects in a manner that improves the total quality of life in the community and
the environment.

Problem Addressed:

Absence of electric grid connection in 90% of rural tribal villages in Orissa.
These tribal regions are in desperate need for infrastructure infusion and
ecosystem regeneration to reverse large-scale deforestation in the aftermath
of large scale illicit timber logging and prevalent shifting agriculture
practices. Being remote there is no value addition to forest produce or
agriculture produce.

Technology Solution:

A small-scale renewable energy system in Orissa, India based on the utilization of local biomass.
The system is being implemented in 4 villages with human-powered machines: pedal-driven
grinder and hand-operated oil seed press to extract oil from indigenous oil seeds; and a pedal-
driven biodiesel reactor to convert the oil into biodiesel using a reaction with absolute alcohol
and lye. Biodiesel is used as fuel in standard diesel engines to pump water for consumption and
for irrigation. Small, remote villages using this application are unlikely to get an electric grid
connection in the next 15 years.

Local systems of management for collection of forest oil seeds and for operating the machines
are reinforcing existing women self help groups and forest protection councils. Integration of
indigenous crops such as niger and the use of oil cake as organic manure into agricultural
practices will provide options to move away from shifting agriculture. Income generation
activities and additional livelihood opportunities will emerge as the technology takes root in the
community.





