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Executive Summary

This report is the result of an integrated approach to the potentials that may be delivered from the
cultivation of Jatropha Curcas L in Thailand, in support of the Kingdoms Bio Diesel fuel security
policies. It has been performed at the request of the DEDE (Government of Thailand Department of
Energy) and sponsored by the Government of UK DTi (Department of Trade and Industry). D1 Oils
Plc has facilitated the process of reporting with the assistance of various educational institutions,
government of Thailand ministries and departments, The Bank of Agriculture and Agricultural
Communities, and the Thai Federation of Industry.

The opinion expressed in the report is that under well-managed circumstances the massive cultivation
of Jatropha Curcas L in Thailand will have social, economic and environmental benefits for the
country; contributing to both fuel and food security.

The report outlines pro poverty reduction policies that will have a positive influence upon agricultural
communities, technology transfer, banking service build up in rural locations and inclusion with both
middle level and executive industry/enterprise activities. Further, the report illustrates that rural
communities may be viewed as major contributors to the fuel economy of the Kingdom; and that a
system of agricultural extension to industry process’s should be established that embraces an end to
end solution for the harvest values of Jatropha Curcas L, inclusive of the delivery of Bio Diesel and
additional value added products at a sustainable level.

The North East of Thailand has been assessed as the most desirable location for a Jatropha Curcas L
Agriculture to Bio Diesel and for a “value adding” industry platform. Additional areas of Thailand have
been evaluated for Jatropha Curcas L Agriculture and discovered to be suitable.

In order to achieve the goals of the Government of Thailand for the production of Bio Diesel there is a
need for the systematic and scientific propagation of Jatropha Curcas L for an extended period. This
agricultural extension should be carried out on public land under the supervision of a variety of
interlinked government and international departments. Cultivators and cultivation areas will need to be
registered and linked into forward bank planning activities that embrace the Kyoto Protocols Clean
Development Mechanism, as this will give rise to the acquisition of Carbon Credits when fuel
substitution is established.

The report illustrates that there is a comprehensive need for collaborative development policy that
embraces decentralised agricultural extension and decentralised Bio Diesel production to market. The
complete solution requires the establishing of partnership between the National Agricultural Extension
Services, Bank of Agriculture and Agricultural Communities, The National Petroleum Marketing Group
PTT and an end to end commercial development solutions provider for JCL Agriculture to Industry,
possessed of the ability to promote agricultural extension, decentralised Bio Diesel production to
market, and to accommodate new value adding industry for the processing of JCL biological residues.
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It is anticipated that the report may be used to form a template for the ASEAN regions desire to
promote fuel security programs from the cultivation of Jatropha Curcas. It is observed that the policies
that have been adopted by Thailand are frequently complimented within the ASEAN community; the
process of research has illustrated that there is a high degree of policy synergy between the
neighbouring countries of Thailand. This synergy is reflected most within the over arching policies of
the GMS (Greater Mekong Sub region) as related to the promotion of economic corridors linking
Thailand with Myanmar (Burma), Cambodia, Vietnam, Laos and the Southern provinces of the PRC.

Various parties to establish policy initiatives and support collaborative business planning strategies
that will lead to comprehensive decentralised JCL Agriculture to Industry programs throughout the
ASEAN region 2006-2012; designed to meet and exceed the bio diesel targets of the national
governments, may use the report.

Preface

Thailand’s impressive economic growth over the last three decades fuelled rapid industrialization and
Urbanization; intensified agricultural production and expanded the fishing industry. This growth relied
extensively on the country’s abundant and diverse natural resources. Consequently, this has caused
pollution of air and water in urban areas, degradation of land and water quality and loss of natural
habitats.

The issues in the “green” environmental agenda are obvious in the rural areas of Thailand. This is
evidenced by the rapid decline in forest cover, which halved over the years to about 25 percent in
1998. However, measures taken by government in the late 1980’s to prohibit logging have begun to
pay dividends the deforestation rate has substantially dropped to 0.2 percent/year. The rapid felling
has led to other environmental problems such as conversion to dry land, sedimentation of rivers, and
loss of natural habitats.

Bangkok stands out among the urban centres in Thailand with the most pressing “brown”
environmental problems. Foremost among them is air pollution. Through the government’s proactive
measures, lead levels have been substantially reduced. However, other pollutants such as
particulates continue to pose major health impacts. Domestic sewage, industrial wastewater, solid
hazardous wastes have shown dramatic rises during this period of rapid economic expansion, and
about a third of the surface water bodies are classified to be of poor quality. On the “blue” front, a
rapid increase in demand combined with water scarcity is resulting in tremendous pressure on
Thailand’s water resources. Coastal areas in Thailand have been seriously degraded by expansion of
capture fishing, shrimp aquaculture, industry and tourism. Fisheries catch has increased while fishing
yields have declined.

In response to these problems, the Government and people of Thailand have launched initiatives to
improve air and water quality, reforest degraded land, adopt energy efficient technologies and invest
in pollution abatement schemes. To further its strategic objectives, the Government announced a 20-
year policy and perspective plan for the environment in 1997. These responses have benefited from
information and data obtained through monitoring programs of several international and national
agencies. Data has been published in numerous reports including “Environment Statistics of
Thailand”, “State of Thailand’s Environment”, and “Pollution in Thailand.” Most of the data, however,
has been presented in raw form. Thailand will need to build its technical capacity to make statistical
outputs more useful in designing targeted policy responses and deciding on investments. The
information contained in this report has been compiled from statistical reports of various Government
agencies, contributions from universities, personal communications, United Nations, World Bank and
Thailand Government reports. Avoiding the use of charts and graphs, this report seeks to deliver a
degree of readability focused on a holistic approach to the introduction of Jatropha Curcas L as a
potential major contributor to the national bio diesel program.

Clive Richardson: "About two-thirds of agricultural land has been degraded in the past 50 years by
erosion, salinization, compaction, nutrient depletion, biological degradation or pollution. About 40
percent of agricultural land has been strongly or very strongly degraded".

World Bank, UN and World Resources Institute “World Resources Report”
- "The relationship between economic growth, consumption of natural resources and the generation of
waste must change. Strong economic performance must go hand in hand with sustainable use of
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natural resources and levels of waste, maintaining biodiversity, preserving ecosystems and avoiding
desertification. To meet these changes, the International heads of state conference agrees: that
Agricultural policy and its future development should, among its objectives, contribute to achieving
sustainable development by increasing healthy, high quality products, environmentally sustainable
production methods, including organic production, renewable materials and the protection of
biodiversity."

“The ASEAN low price agriculture and trade policies have in effect been undermining the ability of
today’s farmers to fulfill the increasing expectations of society. Farmers wish to respond to the
expectations of society but trade policies, as well as market conditions, must make this possible”.

Objectives and Observations:
“The Thai government seeks to realise bio diesel consumption of 500,000 litres per day by 2008 and
nine million litres in 2011/12. Diesel demand is currently 47 million litres a day”.

“The concept of substituting bio-diesel produced from plantations on eroded soils for conventional
diesel fuel has gained wide-spread attention. In recent months, the Kingdom of Thailand’s
Government as well as the majority of ASEAN state governments has expressed their support for
bringing marginal lands, which cannot be used for food production, under cultivation for this purpose”.

“Jatropha curcas is a well established plant in Asia. It produces oil-rich seeds, is known to thrive on
eroded lands, to require only limited amounts of water, nutrients and capital inputs. This plant offers
the option both to cultivate wastelands and to produce vegetable oil suitable for conversion to bio-
diesel”.

“The benefits for developing and transition economic regions of the world go further than producing
fuel for local use. Since the planting, growing and refining of Jatropha Curcas L seeds requires
manpower, its cultivation will generate large numbers of jobs in areas of low employment. Errol
Elsdon from PetroSAF, an African fuel distribution company, estimates that Jatropha plantations are
likely to create at least one job for every four hectares of planted trees; the total impact on agricultural
employment alone could be huge”.

“All countries are aware that as the mechanism of the Kyoto Treaty is now in force to reduce industrial
and commercial greenhouse gas emissions; the planting of bio fuel crops may well create carbon
sinks that can earn cash through their sale of emissions credits to polluting industries in developed
countries. The Clean Development Mechanism (CDM) created by Kyoto is still in its infancy. However,
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if CDM credits do become available for planting trees, it could add a further inducement to plant
Jatropha Curcas L As a prime Agriculture to energy carbon sink”.

“Jatropha plants control erosion; residues can be used to improve soil. High-quality bio diesel made
from Jatropha Curcas oil produced to meet stringent standards and emission norms is manufactured
using high specification technology supported by the agro-chemical industry. Jatropha shrubs can
deliver 1,600 to 3,000 litres of bio diesel per hectare, depending on irrigation conditions, the number
of shrubs planted per hectare and good farm practice management, under the most ideal conditions
there is potential to develop more than 12,000lters of oil per H/a.

“More versatile than hydrogen or new propulsion systems such as fuel cell technology, bio-diesel can
be used in today’s vehicle fleets worldwide and may also offer a viable path to sustainable
transportation, i.e., lower greenhouse gas emissions and enhanced mobility, even in remote areas.
Mitigation of global warming and the creation of new regional employment opportunities can be the
important cornerstones of any forward looking transportation system for developed, transition and
emerging economies”.

It is anticipated that Jatropha seeds grown on 10 000H/a will produce up to 60,000 tons of bio diesel
and generate 6,000 industrial and agricultural jobs. Grown on a national scale, over 4 Million H/a's of
planting would generate 2.4 million jobs. “Global production of bio diesel is ramping up, moving from
around 2 billion liters in 2003 to about 5 billion this year (2005), possibly reaching an estimated 24
billion liters by 2020. - 2005 report published by the Paris-based International Energy Agency”

Thailand is considered to be the socio-economic and political hub for the S. East
Asia ASEAN community

To meet demand, bio diesel makers have a wide range of options. Nevertheless, the cultivation of the
Jatropha plant, a tropical shrub that grows in near absence of water, is starting to catch the fancy of
researchers, policy makers, and the energy industry. Agricultural investors are already starting to see
a return.

National Policies are emerging:
Strengthening national policy frameworks supporting MDG’s for poverty reduction and
Sustainable development;
. Promoting rural energy services establishing equitable economic growth
. Supporting clean energy technologies for
Sustainable development; and
. Increasing access to investment financing for
Sustainable energy

VVVVVVY
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Curcuson A Curcuson C

The diterpenoid Curcuson A
The diterpenoid Curcuson C

Biomass-based energy interventions offer solutions through S i
effective use of the land. Biomass crops, as perennials can vz #T,
reduce soil erosion and restore fertility through avoidance of N SN S ) |

agrochemical application. Compared with food crops like
cereals, application rates of agrochemicals per hectare are
one-fifth to one-twentieth for perennial energy crops.

Appropriate selection of species ensures biodiversity and improves the landscape when degraded
lands and other wastelands are used for biomass production. Improved land cover through vegetation
leads to water retention and improved microclimatic conditions with potential positive hydrological
situations at the local level. A national Jatropha Curcas Agriculture to Industry project ensures
effective management of land resources, there is never a time when positive land use activity
does not add to the GDP of a country or region, reducing dependency on imports while enhancing
the inflow of income to primary agricultural sectors.

Ergo: Plantations for Bio Diesel/Bio Fuels have all these advantages

Conclusions:

The scope of works established to investigate the feasibility and utility for Jatropha Curcas a as
desirable plant species in support of the objectives of the has been a timely tool for proactive
intervention and collaboration.

The nature of policy development in Thailand allows for highly interactive communications between
Government departments, private and public sector organisations and the media. For the last several
months and for the near future the issue of “fuel security” related to the utility of land and agricultural
practices has been and will remain high on the national agenda.

Thailand’s executive has been acutely aware of numerous inter-related cross sector weaknesses for
an extended period. While there have been frequent studies and research projects that have
highlighted deforestation, land degradation, the need for pro poverty reduction policy, consideration
for biomass, (along with bio fuel solutions and many other aspects of potential reform that would
reach out an embrace both national and rural development objectives) none has attempted to deliver
an integrated solution. Jatropha Curcas L, Agriculture to Industry can deliver a solution that has long-
term impact upon socio-economic and environmental objectives.
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The objective of this work has been to seek out feasibility and examine some of the potential positive
Socio-economic and environmental values that can be associated with the massive agricultural
expansion of Jatropha Curcas L.

The observations may be considered exceptional. Decentralised agricultural extension of Jatropha
Curcas may deliver values that impact positive upon all areas of the Thailand economy delivering
good quality impact upon fuel security, promoting rural economic activity, providing for land and
forestry protection, improving the water table; positively influencing precipitation. Most importantly, the
massive expansion Jatropha Curcas L will embrace the lives of Thailand’s least wealthy populations,
unpaid rural family members, (which may be considered to be female heads of household) females
educated to primary levels only, as well as both females and males of maturity that have had scant
opportunity to attend schooling for an extended period or integrate with the development of life skills
that would produce an income resource.

Demand for the lead product “Bio Diesel” from Jatropha Curcas may be considered inexhaustible.
Thailand, in fact the developed and developing world, has a voracious appetite for transport fuel.

Advances with alternative energy options that rely upon the delivery of new technologies will take
many decades to emerge at levels that will call for direct changes or reductions in demand for
combustion fuels, be they petroleum based or bio renewable. None will replace the need for
decentralised product delivery.

The delivery of a decentralised agricultural base linked to a decentralised product distribution centre
allows for a reversal of traditional fuel product flow into a fuel distribution system; delivering the
maximum amount of economic benefit to the most distant populations of traditional fuel distribution
systems.

Agriculturally driven “fuel security” initiatives may be considered the most pro poor reduction
development policies of all. Energy, in any form, must be considered to be one of the main ingredients
of the millennium development goals while the promotion of renewable energy resources embraces
the primary sentiment of the Kyoto Protocols, and agenda 21.

Were we to consider the massive promotion of Jatropha Curcas L for the delivery of Bio Diesel alone
there would be no “financial statement” of feasibility. When we consider the decentralised
manufacturing of Bio Diesel from Jatropha Curcas there are considerations that go beyond simple
financial impact based on profit or debt servicing ability. If we extend the functionality of the Jatropha
Curcas L harvest to embrace “added value” products that are a result of harvest processing to Bio
Diesel there is an exceptional statement of feasibility. Biological residues derived from the
decentralised processing of Jatropha Curcas to Bio Diesel have high values; that reduce the burdens
of importation of petroleum-based goods into Thailand.

In numerous research and project documentation we discover that the potentials of Jatropha Curcas
have frequently been touted in support of agricultural, social and economic security for developing
and transitional economic regions; in Asia, India and Africa as well as South America and the Pacific
Island States. For the most part these projects have failed. They have failed because they have
refused to consider a comprehensive end to end solution “Jatropha Curcas Agriculture to Industry”
and failed to consider that there is ample justification for capital intense first quality technology
interventions that can link into the established global and national networks that make up the
petroleum industry. This is the most ubiquitous of all industry platforms touching every corner of the
globe from micro to macro economic climates.

Jatropha Curcas Agriculture to Industry requires a highly integrated approach to internal market
development mechanisms. Primarily in support of agricultural extension, rural agricultural bank
finance for farming families, individuals and community groups, and established harvest collection;
processing centres (Micro-Economic Development Zones) that facilitates the decentralised
processing of harvests to Bio Diesel while linking into the fuel and transport networks in order to
deliver biological residues to a centralised “value adding” industry sector. There is an absolute
requirement for public sector moreover private sector intervention that will establish long-term
commodity markets for JCL harvest derivatives. Taking Bio Diesel as the lead product or driver for
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establishing Jatropha Curcas agricultural extension allows the focus of intervention to be upon an
easily discernable economic benefit.

Bio Diesel is a direct desirable substitute for traditional petroleum derivatives.

However, Bio Diesel alone cannot justify the massive agricultural expansion of Jatropha Curcas.
Quite simply put, the processes to manufacture Bio Diesel, as a stand-alone product from Jatropha
Curcas, renders scant or minimal feasibility. In fact, we should point out that most project promotion
seeks feasibility by labouring Bio Diesel’'s value at the expense of rural agricultural groups. Feasibility
being illustrated by seeking the lowest value (cost) on harvest delivery. The outcome of this has been
and will continue to be that farmers simply ignore Jatropha Curcas L as a potential revenue resource
and cultivate, more intensely, those crops that can deliver sustenance or income.

In order to illustrate the full potentials of Jatropha Curcas one has to consider a complete Agriculture
to Industry economic model for harvest values supported with due consideration of both social and
environmental benefits. In this it is possible to deliver “quality” economic values that can encourage
and sustain agricultural activity.

Any bio fuel project that does not focus upon sustaining primary agricultural activity will fail.

Constant changes in the established market values for petroleum products deliver the incentives for
investigating the potentials to be gained from Bio Diesel manufacturing while we must consider that
this is only one element of the value chain that will be embraced when we consider Jatropha Curcas
Agriculture to Industry. The simplest “added value” product that can be derived from Jatropha Curcas
seed Harvest residue is first grade, quality Organic Fertilizer. This has a direct substitution value upon
the importation of inorganic nitrogen based fertilisers. Thailand is a major importer of fertilizer.

There is no location in the world that processes huge amounts of Jatropha Curcas L harvest value.
There is no fully established processing or value adding industry associated with Jatropha Curcas L.
The vast majority of research that has set out to identify products that can be derived form Jatropha
Curcas has done so at laboratory level. In most instances, we can assume that there is insufficient
material available, in any single location, country or region, to justify industrial interest in the
numerous potentials that are attributed to Jatropha Curcas.

However; with Bio Diesel as a “lead” product, it is possible to envisage two tones of Biological residue
for every ton of (Oil extract) Bio Diesel. At the desired level of agricultural output, industry (in Thailand
alone) would be considering many millions of tons per annum. We may also point out that mature
trees can render good quantities of Jatropha Curcas Latex and leaves. Each part of the Jatropha
Curcas tree has been analysed and investigated for potential use. Some are illustrated in the
document text; all have potential high values most require attention from industry to obtain best value
from extraction to market delivery.

Without doubt, even though the values cannot be determined exactly, we are able to say that
Jatropha Curcas harvest values, when viewed holistically, suggest potential for exceptional economic
values that are sustainable.

Numerous documents and research papers focus upon the negative impact of mono-cropping to
create cash crop economics. Jatropha Curcas is unique in many ways. There may be great value in
promoting substantial plantations or orchards of Jatropha Curcas and it is anticipated that many large
investors will seek to develop in this manner. However; the vast majority of Jatropha Curcas L
agricultural extension in Thailand, and throughout the developing and transition economic regions of
the tropics, will be highly decentralised executed by small farming families, communities and/or by
forestry and crop protection initiatives. Quite possibly, for the most part on public/community, marginal
land areas and threatened zones, most logically as crop protection, wind breaks, land rehabilitation
and soil erosion defences. Millions of H/a’s of degraded, deforested soil eroded land areas are
available in Thailand and this is the case in Cambodia, Vietnam, Myanmar, Laos, Indonesia and
southern China, as well as India, Africa, South America and the Pacific Islands.

The Greater Mekong Sub region economic and social development programs embrace Thailand as
the commercial hub for the region. The proposed and existing economic highways of the sub region
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link Thailand in a favourable way with neighbouring countries. The highways cut across regions that
have been shown to have favourable cultivation conditions for Jatropha Curcas L. (Annex 1)

Jatropha Curcas is a well-established plant in many ASEAN regions and throughout the tropical
world. It produces oil-rich seeds, is known to thrive on eroded lands, and to require only limited
amounts of water, nutrients and capital inputs. This plant offers the option both to cultivate wastelands
and to produce vegetable oil suitable for conversion to bio-diesel. More versatile than hydrogen and
new propulsion systems such as fuel cell technology, bio-diesel can be used in today's vehicle fleets
worldwide, offering a viable path to sustainable transportation, i.e., lower greenhouse gas emissions,
and enhanced mobility, even in remote areas. Mitigation of global warming. The creation of new
regional employment opportunities can be the important cornerstones of any forward-looking
transportation system, for emerging economies. Using satellite remote sensing information, planners
and policy makers can make more effective decisions to ensure a stable supply of resources for
economic fuel, food and environmental security. (Cranfield University)

Feasibility for Jatropha Curcas Agriculture to Industry is reliant upon the adoption of a fully integrated
approach supported by both government and private sector intervention and investment. In well
planned agriculturally interesting research and development programs we see the best of Jatropha
Curcas L, up to 12 tons of seed per H/a have been recorded. Assumptions are made that are
completely irrelevant to the performance of the species in low nutrient, low water, harsh
environments. Certainly Jatropha Curcas L survives in the harshest of environments recovering to a
lush healthy state with the minimal of rain, irrigation or nutrient input. The species is disease resistant;
there are few insects or plant bug enemies while browsing animals are not tempted to feed on the
plant.

Evidence from direct participation with farmers and farming communities in Thailand suggests that the
vast majority of farm workers and land owners are poorly schooled in modern farming techniques.
The vast majority of land cultivation in Thailand is rice based mono cropping which is carried out
according to age old traditions supported by the excessive use of inorganic fertiliser. In fact, most
farming has derived productivity from the excessive use of inorganic pesticides and fertilisers,
imported at great expense into the Kingdom.

There can be no doubting the potentials of Jatropha Curcas L while it is essential to understand from
the outset of massive agricultural extension objectives that it is incorrect to promote ideology that this
species, planted in harsh environments and generally left to survive will produce bumper harvests of
seed in sufficient quantities to deliver feasibility for the agricultural communities and industrial
processes. Quite bluntly, this will not be the case. Minimal inputs, minimal management, minimal
attention to deliberate crop enhancement practices will lead to minimal sporadic harvest values that
are insufficient to justify the development of capital intensive industry processes or deliver interesting
incomes for farming communities.

Moving Jatropha Curcas L from its status as an underutilised high potential tree species into the
realms of highly productive seed oil harvest variety in support of multiple desirable outcomes, in terms
of excellent harvest values, promotion of organic farming, environmentally friendly soil erosion, land
repairer, improver of water table, precipitation enhancer, and valuable cultivated species, takes
ingenuity. It takes an all embracing end to end “Agriculture to Industry” solution that addresses the
needs of rural farming communities, large enterprise plantation investors, government agricultural
extension services, industry standards, fiscal polices, technology and industry synergy while most of
all embracing the interests of both national and international financial support.
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DEMAND FOR BIO-DIESEL AND REQUIREMENT OF AREA FOR CULTIVATING JATROPHA
CURCAS FOR DIFFERENT BLENDING RATES IN THAILAND
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Figure 1
2005-2011/12 Thailand Projections for Diesel Consumption and Bio Diesel requirement DEDE
National strategy for Jatropha Curcas
Strategy and Implementation Plan

All policies create winners and losers, including the existing policy environment in developed and
developing countries. The losers from the current global policy framework (with agricultural trade
badly distorted by rich countries subsidies, markets closed by rich and poor country barriers as well
as insufficient attention to the rural poor in developing countries) are the hungry and the poor.

The evidence is consistent and overwhelming that reducing distortions in agriculture, increasing
market access, and at the same time creating domestic policy environments that support agricultural
and rural areas will increase economic growth and alleviate poverty; in Thailand, in many developing
regions of the world.

Year Diesel Bio-diesel @ 5% Bio-diesel @ 10% Bio-diesel @ 20%
Demand (in
million
metric Quantity (in Area required Quantity (in Quantity (in
liquid million metric for bio-diesel million metric Area_ million metric Areal
tonnes) tones) (in million tonnes) required for tonnes) required for
hectares) bio-diesel (in bio-diesel
million (in million
hectares) hectares)
2005- 46.00 2.35 1.96 4.70 3.92 9.39 7.84
06
2006- 49.56 248 2.07 4.96 4.14 9.91 8.28
07
2007- 60.33 2.62 2.19 5.23 4.38 10.47 8.76
09
2009- 85.90 3.35 2.79 6.69 5.58 13.38 11.19
12

The Millennium Development Goals and the Doha Development Round commit countries to reforming
their trade and domestic policies in agriculture. This commitment has been made by OECD countries,
which maintain high levels of agricultural subsidies and protection against commodities that are vital
to the economic well-being of developing countries.
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The OECD countries must reduce their trade barriers, reduce and reform their domestic subsidies, but
if developing countries are to derive benefits from trade reform; they must reform their trade and
domestic policies as well. With the long implementation periods foreseen in the Doha Development
Round, developing countries have at least 15 years to make those reforms and investments to enable
them to take advantage of trade opportunities and to ease the transition. Open trade is one of the
strongest forces for economic development and growth.

Developing countries and civil society groups who oppose these trade reforms in order to “protect”
subsistence farmers are doing these farmers a disservice. While developing Countries and civil
society are correct that markets cannot solve every problem, and that there is a vital role for
government, for public policies and financial aid.

As the Doha negotiators move toward the discussion of modalities, the energies of the international
community, developing countries and civil society would be better used to ensure that Developing
countries begin to prepare for a more open trade regime by enacting policies that promote overall
economic growth and that promote agricultural development. Their energies would be best spent
convincing the population (taxpayers and consumers) in developed countries of the need for
agricultural trade reform and in convincing the multilateral aid agencies to help developing countries
invest in public goods and public policies to ensure that trade policy reforms are pro-poor.

Trade reform, by it self, does not exacerbate poverty in developing countries. Rather, the failure to
alleviate poverty lies in the underlying economic structures, adverse domestic policies and the lack of
strong flanking measures in developing countries. To ensure that trade reform is pro-poor; the key is
not to seek additional exemptions from trade disciplines for developing countries, but to ensure that
the WTO agreement is strong and effective in disciplining subsidies and reducing barriers to trade by
all Countries.

Open trade is a key determinant of economic growth, and economic growth is the only path to
poverty alleviation. This is equally true in agriculture as in other sectors of the economy. In
most cases, trade reforms in agriculture will benefit the poor in developing countries. In cases
where the impact of trade reforms is ambiguous or negative; the answer is not to postpone
trade reform. Rather, trade reforms must be accompanied by flanking policies that make
needed investments or that provides needed compensation, so that trade-led growth can
benefit the poor.

Fuel Security derived from agricultural interventions is a relatively new concept. The notion of Bio
Mass for electrical energy or Oil for Transport fuel is not new. However; it has taken almost three
decades to establish the Clean Development Mechanism as part of the Kyoto Protocols; as ratified
international policy. Delivering a renewed focus to the vitality the agricultural sectors have for tapping
into energy alternatives while establishing new economic platforms. The reduction of Carbon Dioxide
and other Green House Gases has taken the limelight of attention while it must not escape the
developing worldview that this issue of prominent concern opens opportunity for selfhelp in veritably
unregulated markets.

Phase one of any agriculture to energy strategy must logically focus upon leveraging the potential
benefits associated with carbon credits. This requires exceptional levels of administrative excellence,
for quite simple projects, the more so when one considers a highly diversified agriculture to energy
and industry scenario. However; having said this, the national benefits are many and diverse across
all sectors of the community.

Jatropha Curcas L, for many years, has been examined and investigated for numerous agricultural
benefits while it is only very recently that the species has been promoted globally as a high potential
commercial harvest species. More than 40 separate country administrations in the tropics and sub
tropical regions have enacted development policy for the promotion of Bio Diesel; citing Jatropha
Curcas L as a preferred oil seed baring tree.

There can be no doubt, given the current and predictable future of high and higher transport fuel
prices throughout the world that seeking out a champion agricultural resource is desirable. The finest
motor vehicle companies of the world have tried and tested the oil of Jatropha Curcas L as a diesel
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fuel substitute and there is every indication that the bio diesel derived form Jatropha Curcas can be
produced at quality standards that meet global acceptance.

On the down side, even when Petroleum based Crude oil is 100 US Dollars a barrel, Bio Diesel
struggles to be an economic commodity. For the most part vegetable oils are in high demand for food
security in each and every nation of the world. Jatropha Curcas produces inedible oil. Never the less,
simply relating the oil value to the value of substituting for petro diesel delivers scant incentive for
farmers to pay much attention to cultivating the crop.

Jatropha Curcas oil seed possesses numerous values. The processes of extraction, extrusion and
Transesterification of the oil produce three easily identified products. Bio Diesel 37% Glycerol 3-4%
and Biological residue 60%. The markets for each are buoyant.

Of particular interest, the Biological residues can undergo a process of industrial beneficiation to
produce first class quality fertilizer as well as organic pesticides. These are the simplest product to
produce while there may be options to produce high quality animal feedstocks as well as extracting
various trace and useful protein and organic elements that could assist with the treatment of
numerous ailments, or, in the case of the protein compounds be used as high quality organic drinking
water treatment reagents.

When we begin to consider the Jatropha Curcas tree intimately, we also discover that there are
potentials for commercialisation hidden in the leaves and latex that may be harvested. Each
possibility adds utility for promoting massive agricultural extension.

There are many reservations associated with executing massive agricultural extension. As indicated
there are many unknown performance variables, multitudes of market considerations, unrelated to the
viability of plant harvest produce. These relate, in the main, to establishing the agricultural extension.

While many entrepreneurs in Thailand have gained some background with Jatropha Curcas and
jumped into the promotion of the plant a considerably high percentage have done so without due
regard or forethought. This cannot be the case with a government sponsored agricultural extension
program.

Strategically the government should be looking beyond the agriculture to the delivery of a fuel and
added value products from the plant and harvests opportunities by doing this there is every reason to
promote first class quality improved seed varieties for agricultural expansion.

While integrating with the production of first class seed banks that can support first class agricultural
extension the government’s administration, in the North East and other suitable regions of the
country, should be aware that the vast majority of land available for the introduction of Jatropha
Curcas is not in large thousands of Rai plantation size plots.

For the most part, significant land values are widely dispersed throughout the rural communities. They
are most frequently public or community held land areas or the boarders of protected areas along with
degraded or difficult for traditional crop locations. Additionally many large plantation size locations
possessed of potential are under the management of the military divisions of the government. This
picture is similar throughout numerous developing countries rural areas.

Many entrepreneurial business operators will seek to grow Jatropha Curcas commercially. Few will be
directly from the farming communities. They will seek to acquire land rights and promote the notion of
contributing to the well-being of rural populations by providing much needed employment and
structure to the rural economy.

Strategically the government needs to focus upon promoting the utility of land while avoiding the
potentials for land dispute.

Jatropha Curcas is not a traditional commercial harvest crop. It is a new species to the world of
commerce. Internal markets for the harvest values will take some time to mature while the primary
commercialization process will focus on the articulation of propagation.
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There is, at this time, little justification or full feasibility for the promotion of large centralised Jatropha
Curcas plantations by entrepreneurs. Throughout Asia it is clear that the vast majority of families in
the rural areas are very independent “self employed” units. They seek to own or have primary access
to the means of their wellbeing and reject or avoid the notion of company employment. At the same
time, it is agreeable to make note that the vast majority of rural Thais view themselves as being very
patriotic, essentially loyal subjects of the King of Thailand, while being characteristically Buddhist.

While the military, along with various government institutions, has access to very considerable parcels
of land that are available for JCL developed to produce large harvest values, crop, land and
environmental protection it would be politically correct to ensure that development of these lands are
carried for the public good. Such areas can be set aside for systematic management; perhaps most
correctly by the development of a professional body for Jatropha Curcas Agriculture to Industry in
partnership with the government. This should be composed of world-class entrepreneurial operations
possessed of the ability to conceive and execute highly integrated public and private partnership.

When we evaluate the potential impact that massive expansion of Jatropha Curcas may have upon
the economy of the country, with specific emphasis upon “fuel security”, it is logical that the potential
wealth to be derived from Jatropha Curcas Agriculture to Industry has to impact first at grass root
levels. As the planting of the species will, for the most part, be highly decentralised it is necessary at
the very outset to consider a systematic process of registration. a) Of the land area being cultivated
and b) to identify with who is cultivating.

This process should be carried out from village administration up. It will be of national importance to
know exactly the densities of plantation throughout the country in order to access the potential
contributions of Jatropha Curcas L to the national economy. Land ownership does not need to be a
feature of the program while farming families and communities will like to now their rights over the
trees they have planted. Registration of Jatropha Curcas planting should be a primary feature of the
government’s strategy, where preference is given for land utility to the residents of rural communities.

Research has illustrated that the majority of the rural populations have had minimal access to
education opportunities. This is reflected in both developed and under developed economic regions of
the world. The promotion of Jatropha Curcas as a first class agricultural harvest species must seek to
deliver improved opportunity by the process of agricultural extension.

Strategically the government must seek to provide support with a complete agricultural development
package to the smallest common denominator. In the case of Thailand a one Rai package. This has
to be a technical product suitable for delivery to non-technical personnel. It must come with robust
instructions that are easy to understand. The product must be a “value adding” instrument that
delivers first class agricultural opportunity supported by administration procedures and financial
linkage that will evolve into first class accountability opportunities.

There is great potential in the above for the establishing both the primary agriculture of Jatropha
Curcas as well as the long-term financial improvement of rural populations.

Strategically the Government of Thailand should be seeking to deliver first class opportunity for the
rural poor to be a highly integrated part of the national economy. Fuel security, environmental
protection, access to education and banking are major drivers upon delivery of effective pro poor
policy. Of the + 45 Million rural community dwellers in Thailand very few have a need or legitimate
interest in holding a bank account. The massive agricultural expansion of Jatropha Curcas can impact
positive on this situation by being a highly integrated part of the over all program. With 600 branches
throughout the Kingdom the Bank of Agriculture and Agricultural Communities (BAAC) has a strategic
highly desirable role to play. In support of primary agricultural extension processes as well as a major
player in the management of harvests to market in the future.

The BAAC already promotes good quality farm management practices. The delivery of new
commercial crop technical packages to the rural poor requires that there should be bank involvement
as part of the pack. Registered Jatropha Curcas growers need also to be new clients for the bank.

One of the major impacts to be avoided is the use of current good quality agricultural land for the
promotion of Jatropha Curcas L. throughout the Kingdom, specifically the North Eastern regions,
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Jatropha Curcas has to be introduced as a secondary crop. Suitable for land reclamation,
environmental protection, crop protection, understory and mixed cropping. The advent of Jatropha
Curcas needs to impact positive upon food security, socio economic well being, and environmental
protection and above all deliver no possibility of development failure.

Across the developing regions of the world, numerous projects related to the use of Jatropha Curcas
have focused upon the potential of the Jatropha Curcas seed harvest crop to lend utility to rural
communities. Especially, with regard to female gender enhancement and access to micro trade or the
promotion of soaps and oil for rural livelihood improvement. There have been some levels of success.
However; in terms of contribution to a national alternative sustainable energy program one has to
state quite directly that the economic gains have been at best marginal; in many cases a flight of
fancy for exuberant development individuals and groups couched in the “doing good” styles of
document ation that are an all too frequent feature of international aid publications.

Perhaps the very worst feature of many programs has been the promotion of rural “fuel and economic
security” from the use of low-grade oil extraction presses and backyard Transesterification kits. This
delivers capital costs to rural communities that need to be debt serviced on the back potentials to
reduce costs. There has been no feasibility and there will be no feasibility for such activity. There is no
gain from selling the notion that rural farming communities can in some way be independent of the
national economy for transport fuel. There is every reason for developing Jatropha Curcas as a
means to integrate rural poverty impacted groups into the national economic calculations as major
contributors, not “bit” players.

Harvests from Jatropha Curcas have to reach an agricultural density that justifies investment into first
class quality technology. This area of investment is not open to rural poverty impacted populations.
What is available is the right to have the first option to be the growers of Jatropha Curcas L, to farm
and harvest seeds in exchange for direct cash benefit.

The above strategy is focused upon ensuring that the maximum benefits from Jatropha Curcas
harvest values are delivered to the rural agricultural sectors and that these values are gathered and
processed in the most economically efficient manner by upstream technology processes designed to
deliver primary benefit into the nation fuel transport system, and further up the value chain to
processes that can deliver first class quality extracts for numerous products that will enhance
agriculture as well as copious other industry demands.

Phase One: Propagation

The primary strategic approach has to focus on the propagation of Jatropha Curcas. It is essential
that there is stimulation throughout the regions for progressive policy that ensures that rural areas
benefit first from a national program.

The agricultural extension services need to gather comprehensive data related to public land
availability across the regions and relate this information to proactive measures directed at facilitating
localised interest in propagation. Agricultural extension services have to be delivered in a systematic
manner calculated to attend to the opportunity needs of the lowest common denominator. In Thailand,
this would be a system focused upon the development of one Rai of land. Such an approach delivers
accountability to the program while allowing for correct registration, along with the build up of
statistical reference points. Linkage with banking is essential. Jatropha Curcas growers at the minimal
land value should have access to registering for structural support from the bank by meeting simple
basic criteria.

Although many people have embarked upon planting Jatropha Curcas already it is in their interest to
join in with a structured and supported framework for national development. This will become clearer
once the secondary phase is described.

Over the past number of years, a small selection of international companies has set about improving
the seed varieties of Jatropha Curcas. There has been a Thai national project in support of similar
ambitions. However, it is obvious that very few organisations have really evaluated the “total seed to
tree harvest value practices” that lead to sustainable agriculture.

14
Department of Trade and Industry Dti United Kingdom
Director of Trade and Investment British Embassy Bangkok



Director General Department of Alternative Energy And Efficiency
Royal Government of Thailand

Improved germination is a significant indicator of future vitality as is the parent seed oil content.
However, to be reasonably assured of good quality long term harvests it is essential that good farm
practice management techniques be adopted as part of the agricultural extension program. Farmers
need to be assured that they will, under most circumstances, be assured of a good harvest. This may
only be achieved by hands on instruction. Although the Jatropha Curcas tree is a hardy species; in
order to be a vital sustainable commercial cropping oil seed baring tree it requires simple, yet diligent,
intimate management. Agricultural extension needs to be supported with good quality simple to
understand literature that targets the interests of people who may not have had good quality or
extensive schooling.

Many traders have sought to peddle untried, untested seed varieties. These are the quick fire
business practices of people who have jumped on the promotional features of Jatropha Curcas as a
miracle plant. Failing to understand that there is a huge difference between an improved variety of a
particular species and a wild seed variety. Jatropha Curcas has many peculiarities related to its ability
to establish in different locations. Jatropha Curcas could be described as a “learning plant”. Quite
literally, the tree establishes in an area and seems to adapt to the microclimate over a period of years.
This frequently means that if we take seed form one location and plant it in another some several or
thousand miles away we discover the plant not thriving to well, immediately. The plant appears to take
some short while to get us e to the new location. Improved seeds supported with a plant specific
growth medium do not suffer this delay in acclimatisation.

Certainly, it is insufficient, with a national agricultural program, to consider the use of anything less
than improved plant seed varieties or to consider that a simple nutrient solution will suffice. In order to
improve the possibilities of success farmers require to be planting the best quality seeds supported by
a nutrient compound designed specifically to assist the growth as well as productivity of Jatropha
Curcas.

Following on from this, rural farmer need to be intimate with their orchard materials from day one.
They need to know that they have prepared the land for planting in the most appropriate manner. It is
essential that the farmer adds value to his own orchard by growing the seeds in a basic nursery from
germination and preparing the seedlings for planting out. It is quite easy for a dealer to show off good
quality looking seedlings to a farmer that have not been germinated in a scientific manner. Far better
that farmers are aware that when making up the primary nutrient compound it should be mixed to the
correct consistency using the soil from the area to be planted out. This will improve the chances of the
plant establishing and delivering harvest values for a long sustainable time.

In order to meet with the goals of the Thai administration for the production of Bio Fuel it is necessary
to think in terms of the pressures that will cause governments to focus even more intently upon the
utility of land as a provider of feedstock. The Thai ambition is currently targeted for a 10% Bio Diesel
contribution by the year 2011/12. When we consider that continual rise in the cost of bulk oil set
alongside the pressures that may be assumed upon edible oil resources it is conceivable that the role
of Jatropha Curcas will become more pronounced. On top of this, we should not assume that 10% Bio
Fuel will be the limit of demand. It is logical to assume that there will be demand for up to 20%
contribution, perhaps more.

The implication of related research and economic pressures is that there is a need to establish more
than 4 million H/a (+ 20 Million Rai) of Jatropha Cultivation. a) Because there may not be sufficient
harvest values form a lesser agricultural extension and, b) if there is substantially more harvest yield
from Jatropha Curcas’s agricultural extension the market demand can absorb each and every
measure of value.
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Phase Two: Technology to Market

How much will | get for my seeds? This is the four million ‘Rai” question in Thailand, the multi-million
H/a conundrum across the ASEAN, Indian and African continents. Primarily demand for propagation
will dictate values creating strong internal markets. The need to regulate emerging propagation
markets relates to quality rather than the price of seed. From a national standpoint, there can be no
compromise; while it is a certainty that many hawk traders will deliver poor seed from untested
varieties to market.

Rather than try to legislate against this it is preferable to illustrate the need and long-term interests of
farmers to participate with a national program that supports the planting of quality JCL species.
Perhaps the most telling issue for farmers that do not plant first-class high oil-yielding crops will
emerge with technology. The future long-term purchasers of seed will without doubt use advanced
level technology to assess the values of harvests when delivered to processing zones. Farmers need
to know that seed variety, Orchard management techniques and general good practice will lead to
sustainable value. Once a proactive scheme of agricultural extension is fully established one may
consider that farmers will desire and obtain quality.

While the process of agricultural extension must necessarily take an extended period of time to build
up the harvest value viability for capital intense technology the period is not of a sufficiently long
duration to negate the immediate need for deliberate planning.

First class process and banking technology is required to obtain the valued added, short routes to
market desired to ensure sustainability. There are multiple considerations while the description may
be simplified as follows...

Farm produce to market or processing has to be by the shortest possible route. The agricultural
extension program will guide the placement of capital assets that will support this aspect.

Rural agricultural banking services play a primary role that requires support from agricultural
extension services and direct government policy intervention.

The registration of JCL growers has long-term benefit for administration, fical policy and budget
planning. However; the most immediate value is with the farming communities when this involves
deliberate linkage to banking services. Each JCL orchard farmer becomes an entity. From being an
unregistered rural subsistence farmer, he/she becomes part of a highly integrated national fuel
security program, a recognized and valued cog in the wheel. Information flow becomes a mainstay of
the orchard practice. Linkage with fellow orchard farmers and farm communities begins to emerge
and it is the bank process that can facilitate this.

At the very outset of the program the bank can bond with agricultural extension to provide support for
both excellent orchard technical management and add the dimension of financial management from
the smallestone Rai cultivator to the largest thousands of H/a mega project.

Possession of a JCL Bank Card will deliver many benefits to rural farming and facilitate the processes
of regional as well as national government.

Bankcard possession will directly assist the rural orchard JCL cultivator to become an integral part of
a national fuel security policy. Primarily as a part of the agricultural extension promotion purpose and
later as a safe secure way for the smallest farmer to manage the values derived from harvests. The
bank is a portal for ensuring that large national business concerns have the ability to attend to
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servicing the needs of farmers.This includes the direct purchase of harvest values of any quantity and
to be the providers of services

required to enhance and modernise the lives of farmers. Over time each JCL farmer is gaining access
to services and opportunities by a process of proactive inclusion into the national account. BAAC is
best placed to be the facilitator.

High quality first grade technology is required to ensure that maximum benefits are derived from JCL
cultivation. The process of registration will evolve a JCL agriculture density map that will guide the
logical placement of this capital intense feature of JCL agriculture to Industry.

The economic highways of the Greater Mekong Sub region play a pivotal role that will compliment
agricultural density providing the route focus for establishing the most efficient locations for
establishing primary JCL processing locations.

Not just for Thailand but for the GMS generally. (See Annex 1)

To execute the most economically efficient processing to delivery of JCL harvest to Bio Diesel into the
fuel economy it is logical to do so by the shortest route to market without compromising quality
standards or incurring any more than the minimum amount of handling costs.

Where agricultural and logistical highway access dictates facilities that are possessed of
comprehensive technology require to be established.

In this report, such locations have been termed as Micro Economic Development Zones (MEDZ’s)
bonded to traditional forecourt fuel delivery services. Areas designed to receive harvest values and
perform the following activities.

e Technically evaluate the weight and quality of harvest values and deliver a cashless payment
to registered farmers. The JCL Bank Card is the tool for this. The bank points and service
counters of the traditional fuel forecourts will become the banking and service (cash and
goods points for farmers)

e _Storage and handling of harvested products. a) for immediate processing b) for preparation
for upstream “value adding” processes

e _Performing high Tec extraction/extrusion processing of JCL seed into oil, aqueous extraction
and detoxified seed cake

e _The Transesterification of oil into Bio Diesel and Glycerol

e _The delivery of international quality, biologically marked, measured quantities of Bio Diesel
direct to forecourt blending and sales, and as D100 for transport and further distribution into
the national fuel system.

e _The primary packaging and handling of JCL products to be moved up steam into biotechnical
centres designed to extract best value from JCL harvest.

Technology solutions suitable for a decentralised system of JCL agriculture to Industry are developing
rapidly. Extraction/Extrusion plant is available. The design and quality of this technology is suitable for
both oil extraction and seed cake detoxification. It is available with capacities that can be engineered
to fit with decentralised Bio Diesel refinery operations. It is becoming available at cost considerations
that allow for decentralised operational feasibility.

We may assume some baseline considerations and relate these to a simple feasibility statement.

e _The target for each decentralised MEDZ is to produce 25,000 Ltrs of Bio Diesel per day 24/7
365 days per annum

e _ The National target for Bio Diesel is 8.5 million litres per day. This would promote the
development of 340 JCL MEDZ'’s in Thailand

e _Logically this means that no less than 75 tons of seed have to be processed per day. 27,375
Tons of seed per annum at each MEDZ. (9,307,500 Million Tons of Feedstock nationally)

e _ Currently this means that no less than 27,375 Rai of land within a suitable distance from the
MEDZ has to be under good quality orchard management. (Approximately 5,000 H/a)
9,307,500 Rai Total
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¢ _We may assume that the value of Bio Diesel derived from JCL agriculture will be free of any
production to wholesale and/or retail trade tax burden

¢ _We may assume that Bio Diesel production cannot be allowed to compete with regular diesel
in an uncompetitive manner while there are over arching social and environmental as well as
internal market economic gains for ensuring that Bio Diesel retains a value statement that is
sufficiently interesting to attend to all parties’ sustainable business and to provide quality
returns

¢ _We may assume a value of 50Cts per litre of Bio Diesel delivered into the fuel economy from
a JCL MEDZ. Value 12,500 US Dollars per day. 4,562,500 US Dollars per annum

¢ We may assume that the added values for JCL residues will not be less than 530 US Dollars
per ton exMEDZ to up stream processing. 9,672,500 Dollars per annum

e _Wholesale and upstream market values of 14,235,000 US Values per annum

e _We may assume that raw materials costs for the MEDZ will be a minimum of 50% of the
wholesale trade values above. $7,117,500 US Dollars per annum. This would equate to 26Cts
per Kg of seed (10.92 BT per kg). 260 US Dollars per Rai of JCL Cultivation (average)

¢ _Available technology and plant development expenses indicate that it would cost about 3
Million US Dollars to deliver a complete MEDZ. Debt servicing would cost approximately
747,300 US Dollars per annum for a period of five years. 5.24% of revenue

¢ _ Operations, management and additional process costs for the MEDZ may be 35% of
projected revenue. 4,982,250 US Dollars per annum

e _ This would deliver a Net Operating profit of 9.76% of projected revenue. 1,389,336 US Dollars
per MEDZ per annum If we consider a cost of 107 US Dollars per Rai of land as peasant,
farmer orchards the decentralised land development costs will rise to approximately
996,428,571 Million US Dollars. (2006-1011/12) 340 MEDZ’s will cost 1,020,000,000 Billion
US Dollars. These above main investments, once established, will deliver:

e 2,418,000,000 Billion Dollars of direct return on agricultural development per annum

e 1,551,250, 000 Billion Dollars of Wholesale Bio Diesel into the primary transport fuel account
direct from MEDZ'’s into market activity

e 3,288,650,000 Billion Dollars of primary Value adding materials into upstream industry and
processing.

Carbon Credits

Logically a national program would seek to access any value possible from the development of a
Jatropha Curcas Agriculture to Industry program

a. From the development of registered orchards as Carbon Sinks
b. From the benefits associated with fossil fuel substitution with sustainable fuel.

The CDM UNFCCC program has evolved with numerous complexities. Many are ironed out by the
proactive intervention and inclusion of government into a program and the administration of Thailand
favours this approach. However, the process for establishing the validity of carbon sinks from
Jatropha Curcas would necessarily be quite complex and one might consider that the costs of
administration, verification and general support could become prohibitive. The most significant
measure of value that has a direct carbon sequestered reference point is the quantity of harvested
materials; where the measurement of sequestered carbon can be precise.

The operation of decentralised MEDZ technology processing centres for JCL linked to banking and
direct delivery of marked bio diesel into the fuel economy could form an agreeable matrix for
approved methodology. Further, this could link in with a non-terrestrial satellite based verification
process that was capable of estimating national harvest values. Establishing an exact energy account
balance in favour of Carbon Credits must be considered as a worthwhile exercise that may off-set
some of the costs associated with establishing and maintaining the JCL based solution to sustainable
energy. However, it cannot be considered as a priority. JCL Agriculture to Industry must be
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possessed of “stand alone” feasibility the reasons for attending to an alternative energy policy related
to the objectives of the Kyoto protocols are rather clear, Thailand does not need to justify the exercise
in terms of Carbon Credits. It should be an addon to activities that is possessed of national economic
benefit and not the feature or prime mover of an alternative energy policy.

Jatropha Curcas L

JATROPHA CURCAS 2005-10
Toxicity of Jatropha Curcas seeds from Mexico to rats and mice.

Panigrahi,-S; Francis,-BJ; Cano,-LA; Burbage,-MB
Tropical Development and Research Inst., 56-62 Gray's Inn Road, London WC1X, UK.
Nutrition-Reports-International. 1984, 29: 5, 1089-1099; 12 ref.

Seeds of Jatropha curcas from Sudan have been reported to be toxic to mice, sheep and goats.
Water, methanol and methanol-water (2:1) extracts of the Mexican variety were given by injection to
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mice and applied to an isolated preparation of guinea pig atrium. The methanol-water extract
produced significant toxic effects in mice. Oil was expressed from unroasted seed and incorporated
into a diet for Wistar rats with maize oil (0:1, 1:4, 1:1 and 0:1) to give about 15% fat.

There was no toxicological effect. Balanced diets with protein supplied by unroasted or roasted J.
curcas or Soya beans were given to Wistar rats for 50 days and BKW weanling mice.

There was no Toxicological effect but there was evidence of the presence of a factor unpalatable to
rats and mice, which restricted food intake.

Authority L

Family Plantae: Dicotyledonae: Tracheobionta: Magnoliophyta: Magnoliopsida: Rosidae:

Euphorbiales: Euphorbiaceae.

Common names Categories Crop plan
Jatropha Curcas
Name Language The physic nut is drought resistant and widely
ba dau me Vietnamese planted as a live fence in the tropics as it is rarely
bagbherenda Fijian grazed. Many parts of the plant are used in
bagbherenda Hindi traditional medicine. Seeds were exported for oil
cantal muluung Somali extraction and soap production, but today’s global
fagiola d’'India Italian production is negligible. It is still used in soap taking
fiki Tonga (Tonga Islands) and research continues into fuel use. It may be a
habel meluk Arabic weed in uncultivated lands. Physic nut is a highly
inhlakuva Zulu adaptable species. _Its potentlgl strength as a crop
jarak pagar Indonesian comes from an ability to grow in pogr, dry sites and
laupata Unknown _producg:- a varlety of harvest values; that have an

increasing value in a modern world stressed by
mafuredonga Venda e

pollution, in need of access to new products from
mathlapametse Tswarla underutilised plant species, in order to create pro
mbono - Swahili poor opportunities, restore and renew soil fertility in
mundubi assu (Br) | Portuguese decertified regions and lend an emphasis to fuel
parvaranda Sanskrit and food security in fuel import dependant regions.
pe fo tze Vietnamese
physic nut English Seed yields of up to 1700 kg/ha have been
pignon d’'Inde French recorded in provenance (population) trials and
pourghere French over 2000 kg/ha in well-managed semi-arid
purgeerboontjie Afrikaans areas. Intense farm practice management has
purgeernoot Dutch resulted in crops in excess of 12kgs per bush,
purgiernuss German (24 Tones per H/a). It has been observed that
purging nut English improved crop management techniques and the
purgueira Portuguese promotion of strong market drivers have the
ramjeevan Nepali most pronounced impact upon improved crop
ranijada Hindi and harvest values.
ratanjot Hindi
sabuu dam Thai
tartago Spanish
yu lu tzu Chinese

Botanical description:
Inflorescence containing male and female flowers Jatropha curcas L., or physic nut, has thick
glabrous branchlets. The tree has a straight trunk and gray or reddish bark, masked by large white
patches. It has green leaves with a length and width of 6 to 15 cm, with 5 to 7 shallow lobes. The
leaves are arranged alternately.

Dormancy is induced by fluctuations in rainfall and temperature/light. However, not all trees respond
simultaneously. In a hedge you may have branches without leaves and besides ones full of green
leaves. The branches contain whitish latex, which causes brown stains on cloth that are very difficult

to remove.
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Normally, five roots are formed from seeds: one taproot and 4 lateral roots. Plants from cuttings
develop only lateral roots.

Inflorescences are formed terminally on branches. The plant is monoecious and flowers are
unisexual. Pollination is by insects. After pollination, a triocular ellipsoidal fruit is formed. The exocarp
remains fleshy until the seeds are mature. The seeds are black and in the average 18 mm long (11 —
30) and 10 mm wide (7 — 11). The seed weight (per 1000) is about 727 g, this are 1375 seeds per kg
in the average. (Modified seeds may number less; they are heavier in weight and have higher oil
content).

The life-span of the Jatropha Curcas plant is more than 50 years.

Jatropha Curcas is a large, erect shrub or small tree 2-6 m in height. It is a succulent that sheds its
leaves during the dry season. Described mostly as a large, erect, perennial, succulent, deciduous
shrub, drought resistance, planted for live fencing and erosion control. Medicinal and soap products.
The full commercialisation of Jatropha Curcas could not come about without the advent of the Kyoto
Protocols and the drive for Bio Fuels as direct substitute or blend with HSD.(High Speed Diesel)

Frequently, described as a Shrub or tree to 6 m, with spreading branches and stubby twigs, with a
milky or yellowish rufescent exudate. Leaves deciduous, alternate but apical crowded, ovate, acute to
acuminate, basally cordate, 3 to 5-lobed in outline, 6—40 cm long, 6—-35 cm broad, the petioles 2.5-7.5
cm long. Flowers several in greenish cymes yellowish bell-shaped; sepals 5, broadly deltoid. Male
flowers many with 10 stamens, 5 united at the base only, 5 united into a column. Female flowers
borne singly, with elliptic 3-celled, triumvirate ovary with 3 spreading bifurcate stigmata. Capsules,
2.5-4 cm long, finally drying and splitting into 3 valves, all or two of which commonly have an oblong
black seed, these ca 2 x 1 cm (Morton, 1977;

Little et al.1974).

Uses

According to Ochse (1980), “the young leaves may be safely eaten, steamed or stewed.” They are
favoured for cooking with goat meat, said to counteract the peculiar smell. Though purgative, the nuts
are sometimes roasted and dangerously eaten. In India, pounded leaves are applied near horses’
eyes to repel flies. The oil has been used for illumination, soap, candles, adulteration of olive oil, and
making Turkey red oil. Nuts can be strung on grass and burned like candlenuts (Watt and Breyer-
Brandwijk, 1962). Mexicans grow the shrub as a host for the lac insect. Ashes of the burned root are
used as a salt substitute (Morton, 1981). Agaceta et al. (1981) conclude that it has strong
molluscicidal activity. Duke and Wain (1981) list it for homicide, piscicide, and raticide as well.

The latex was strongly inhibitory to watermelon mosaic virus (Tewari and Shukla, 1982) and a
known anti malarial effective against plasmodium.falciparum, P.vivax, P.ovale, and P.malariae.
Bark used as a fish poison (Watt and Breyer-Brandwijk, 1962). In South Sudan, the seed as well as
the fruit is used as a contraceptive (List and Horhammer, 1969-1979). Sap stains linen and can be
used for marking (Mitchell and Rook, 1979). Little, Woodbury, and Wadsworth (1974) list the species
as a honey plant.

Studies in the Philippines demonstrated that a tincture made from the leaves of Jatropha Curcas L
was an effective cure for both bovine and swine Foot and Mouth Decease, impacting positive upon
both foot and mouth blisters within a short space of time to complete healing within 15 days.

Botanical description:

Folk Medicine

According to Hartwell, the extracts are used in folk remedies for cancer. Reported to be abortifacient,
anodyne, antiseptic, cicatrizant, depurative, diuretic, emetic, haemostat, lactagogue, narcotic,
purgative, rubefacient, styptic, vermifuge, and vulnerary, physic nut is a folk remedy for alopecia,
anasorca, ascites, burns, carbuncles, convulsions, cough, dermatitis, diarrhea, dropsy, dysentery,
dyspepsia, eczema, erysipelas, fever, gonorrhea, hernia, incontinence, inflammation, jaundice,
neuralgia, paralysis, parturition, pleurisy, pneumonia, rash, rheumatism, scabies, sciatica, sores,
stomach-ache, syphilis, tetanus, thrush, tumours, ulcers, uterosis, whitlows, yaws, and yellow fever
(Duke and Wain, 1981; List and Horhammer, 1969-1979).
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Latex applied topically to bee and wasp stings (Watt and Breyer-Brandwijk, 1962). Mauritians
massage ascitic limbs with the oil. Cameroon natives apply the leaf decoction in arthritis (Watt and
Breyer-Brandwijk, 1962). Colombians drink the leaf decoction for venereal disease (Morton, 1981).
Bahamans drink the decoction for heartburn.

Costa Ricans poultice leaves onto erysipelas and splenosis. Guatemalans place heated leaves on the
breast as a lactagogue. Cubans apply the latex to toothache. Colombians and Costa Ricans apply the
latex to burns, haemorrhoids, ringworm, and ulcers. Barbadians use the leaf tea for marasmus,
Panamanians for jaundice. Venezuelans take the root decoction for dysentery (Morton, 1981). Seeds
are used also for dropsy, gout, paralysis, and skin ailments (Watt and Breyer-Brandwijk, 1962)

Leaves are regarded as ant parasitic, applied to scabies; rubefacient for paralysis, rheumatism; also
applied to hard tumours (Hartwell, 1967—1971). Latex used to dress sores and ulcers and inflamed
tongues (Perry, 1980). Seed is viewed as aperient; the seed oil emetic, laxative, purgative, for skin
ailments. Root is used in decoction as a mouthwash for bleeding gums and toothache. Otherwise
used for eczema, ringworm, and scabies (Perry, 1980; Duke and Ayensu, 1984).

In a message to the Medical Research Centre of the University of the West Indies shortly after the
death of Jamaican singer Robert Marley, “I just want you to know that this is not because of Bob
Marley’s illness, why | am revealing this ... my dream was: this old lady came to me in my sleep with a
dish in her hands; she handed the dish to me filled with some nuts. | said to her, “What were those?”
She did not answer. | said to her, “PHYSIC NUTS.” She said to me, “This is the cure for cancer.” This
Jamaican dream is rather interesting. Four antitumor compounds, including jatropham and
jatrophone, are reported from species of Jatropha (Duke and Ayensu, 1984). Homoeopathically
used for cold sweats, colic, collapse, cramps, cyanosis, diarrhea, leg cramps.

Chemistry

Per 100 g, the seed is reported to contain 6.6 g H20, 18.2 g protein, 38.0 g fat, 33.5 g total
carbohydrate, 15.5 g fibre, and 4.5 g ash (Duke and Atchley, 1983). Leaves, which show
antileukemic activity, contain aamyrin, b-sitosterol, stigmasterol, and campesterol, 7-keto-b-
sitosterol, stigmast-5-ene-3-b, 7-a-diol, and stigmast-5-ene-3 b, 7 b-diol (Morton, 1981). Leaves
contain isovitexin and vitexin. From the drug (nut?) saccharose, raffinose, stachyose, glucose,
fructose, galactose, protein, and an oil, largely of oleic- and linoleic-acids (List and Horhammer,
1969-1979), curcasin, arachidic-, linoleic-, myristic-, oleic-, palmitic-, and stearic-acids are also
reported (Perry, 1980).

Toxicity

The poisoning is and irritant, with acute abdominal pain and nausea about %2 hour following ingestion.
Diarrhea and nausea continue but are not usually serious. Depression and collapse may occur,
especially in children. Two seeds are strong purgative. Four to five seeds are said to have caused
death, but the roasted seed is said to be nearly innocuous. Bark, fruit, leaf, root, and wood are all
reported to contain HCN (Watt and Breyer-Brandwijk, 1962). Seeds contain the dangerous albumin
curcin, rendering them potentially fatally toxic.

Botanical description:

Although it is perfectly safe to handle and work with Jatropha Curcas L. It should also be
obvious that the cultivation of the plant for economic activities relating to fuel security and
food security objectives requires efficiently managed well regulated and licensed agriculture
to industry organisation, in the hands of correctly trained rural farm extension/management
personnel, process manufacturing experts and market delivery specialists.

NB: The commercialisation of any species requires attentive detailed management in order to
deliver benefits and protect socio economic and environmental welfare

Native to South America, the species is almost pan tropical now, widely planted as a medicinal plant,
which soon tends to establish itself. It is listed, e.g., as a weed in Australia, Brazil, Fiji, Honduras,
India, Jamaica, Panama, Puerto Rico, and Salvador (Holm et al, 1979).
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Roots: Normally, 5 roots are formed from seedlings, 1 central and 4 peripheral. A
taproot is not usually formed by vegetative propagated plants.

Stems: Stems show articulated growth with a morphological discontinuity at each
increment. It has stout cylindrical green branches with viscid milky or reddish sap.

Leaves: They are glabrous and heart-shaped, usually with 5 to 7 large shallow
lobes, acuminate, base cordate with long petioles and with a length and width of 6
to 15 cm and are arranged alternately.

Flowers: Inflorescences are formed terminally on branches and are complex,
having main and co-florescence with paracladia. Botanically, it is described as a
cyme and cymes are axillary and peduncled. Ten stamens are arranged in two
distinct whorls of 5 each in a single column in the androecium, and in close
proximity. In the gynoecium, the 3 slender styles are connate to about two thirds of
their length, dilating to massive Fruits: After pollination, a but eventually turning
dark brown or black. They split into three parts at maturity, releasing the seeds.

Seeds: The fruit releases three large black each about 2 cm long and 1 cm in
diameter. The caruncule is rather small. Average 1000 seed weight is about 500g.
The shell is about 43% of the seed and the kernel 57% of which 30% is crude fat.

Grows readily, from cuttings or seeds. Cuttings strike root so easily that the plant
can be used as an energy-producing living fence post. Germination, with good
moisture, takes 10 days.

The seed shell splits, the radicula emerges, and 4 small peripheral roots are
formed. Soon after first leaf development they wither and fall.

Further growth is sympodial. In Thailand, when seeded in May, a stem length of 1
m was achieved at month 5 and a terminal flower was formed. Flowering is
constant in permanently humid equatorial regions and has 2 peaks in drier
regions. Depending on conditions of propagation and rainfall the first seed yield is
at year 1 or 2. In addition, it may produce for over 50 years. High levels of viability
and low levels of germination shortly after harvest indicate innate (primary)
dormancy. This factor should be appreciated when researchers are carrying out
germination trials. Frequently fresh seed will not germinate. Generally, there is an
initial 80-85% germination followed by a complete germination some few days (7-
10 days) later; when seeds have undergone a period of natural drying.

Jatropha Curcas L. is not a weed. It is not self propagating. It has to be planted. It
grows well with more than 600 mm of rainfall per year, and it withstands long
drought periods. With less than 600 mm it cannot grow except in special
conditions like on Cape Verde Islands, where the rainfall is only 250 mm, but the
humidity of the air is very high (rain harvesting). It cannot stand heavy frost. It
survives a very light frost, but it looses all leaves. The production of seeds will go
down sharply in high altitude cold zones

Native to America the species is almost pan tropical now, widely planted as a
medicinalplant which soon tends to establish itself. It is listed, e.g., as a weed in
Brazil, Fiji, Honduras, India, Jamaica, Panama, Puerto Rico, and Salvador (Holm
et al, 1979). It originates from tropical America, but has become naturalised in
many countries and is common near habitations. It is well adapted to arid and
semi-arid conditions. Most Jatropha species occur in seasonally dry areas: -
grassland-savannah (cerrado), thorn forest scrub, but are completely lacking from
the moist Amazonian forests.
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Latitude: 280N to 300S.

Altitude: Provenances have been collected from altitudes varying from 7 to 1600
masl. Usually it is found from 0 to 500.

Temperature: Average temperatures of provenance collection sites range from 11
to 280C. It can survive a short, slight frost.

Water: Average annual precipitation of provenance collection sites is from 520 to
2000 mm. However the species survives well in semi-arid regions. It has stood
several years without rainfall in Cape Verde. JCL thrives best in well drained soil
suffering root rot in frequent flooded regions.

Environment Radiation: Range & intensity: Bright sunlight.

Photoperiodism: It is daylight insensitive. Jatropha Curcas L thrives in bright non
shade locations; while there are some shade loving varieties.

Soil: Physical: It grows on well-drained soils with good aeration and adapts well to
marginal soils with low nutrient content. Given improved environmental conditions
and nutrients Jatropha Curcas L can deliver exceptional harvest returns.

Chemical: Jatropha Curcas responds magnificently to attentive farming practice.
The application of organic fertiliser (developed from the plant processing
residues) can quadruple the harvest values.

It is a native of the Caribbean region, introduced as a hedge & ornamental plant to
many countries including Europe, Africa, India, Indonesia, Philippines & some
Pacific Islands & Australia

Main distribution areas of Jatropha curcas

Jatropha curcas originates from Central America. From the Caribbean, Jatropha
Curcas was probably distributed by Portuguese seafarers via the Cape Verde
Islands and former Portuguese Guinea (now Guinea Bissau) to other countries in
Africa and Asia. Today it is cultivated in almost all tropical and subtropical
countries as protection hedges around gardens and fields, since it is not browsed
by cattle.

Distribution

Pollination Physic nut is allogamous. Pollination is by insects. The plant and flowers are
usually unisexual.

Ethnobotany 2005

The genus name Jatropha derives from the Greek iatros (doctor) and trophe (food); all parts of the
plant are used in traditional medicine. In Tswana traditional medicine, the leaves, seeds or bark are
boiled and the watery extract is taken as a purgative. It is planted around houses in Piaui, Brazil, to
guard against ‘misfortunes’. It was used in supernaturally guided ordeals by the Shambaa (Witch
Doctors) in Usambara (Tanzania) to determine the guilt or innocent of the accused.

Processing Hulls and seeds are separated manually. The seeds of Jatropha Curcas are used for
processing fatty acids extracted hydraulically and /or chemically. All parts of the plant are processed
by decoction for medicinal and veterinary purposes. The seed storage behaviour is orthodox.

Characteristics The seed oil belongs to the oleic or linoleic acid group and the major fatty acid
composition is oleic (C18:1) 40%, linoleic (C18:2) 36%, palmitic (C16:0) 15% and stearic (C18:0) 6%.
A study by Heller in 1992 gave the following approximate seed % composition: crude fat 32, crude
fibre 31, crude protein 16, ash 5, and P 0.7, Ca 0.6, Mg 0.4, Na 0.1 and K 1.0. The seed oil contains
irritant diterpenoids of the tiglian (phorbol) type, such as. Curcuson C appears to be identical to
jaherin, an active antimicrobial which was isolated from J. zeyheri. The activity of the seed oil is also
partly ascribed to curcanoleic acid, which is similar to ricinoleic acid (from croton oil). The seeds also
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contain a toxic protein (lectin) named curcin, which is similar to ricin from the castorbean Ricinus
communis.

Uses lIts use as an oilseed has declined due to more economic and safe available sources. However
good quality soaps are still produced regionally. Research continues on its use as a diesel fuel,
particularly asvegetable oils maintain the CO2 balance in global warming. Among other uses are
medicinal and plant protection. It is used for erosion control and live fencing. However, as it is a
host for viruses and cassava superelongation disease {{Sphaceloma manihoticola}e} it should not be
used in association with this crop. Its press cake is valuable as organic manure as its nitrogen
content is similar to that of castorbean and chicken manure. Fruit hulls and seed shells are used
for fuel.

Nutrition: Plant info Supervisor: "this plant has poisonous products”. Neither use as food or feed
is possible without detoxification by roasting or boiling. Detoxification can be archived at the time
of Oil extraction using technical extraction/extrusion techniques.

Medicine: Nuts of J. curcas are taken in a small quantity as a purgative and the leaves and bark have
the same effect. In Tswana traditional medicine, the leaves, seeds or bark are boiled and the watery
extract is taken as

The toxicity and gastro-intestinal irritation is ascribed to partially identified diterpenoid esters, but the
numerous diterpenoids (many with reported antimicrobial, antitumor and even tumour-promoting
activity) and the toxalbumin curcin should also be considered. Details of Physic nut's traditional
medicinal uses, chemical constituents, pharmacological activities and clinical trials have been
reported in.

IPM: Extracts from all parts of the physic nut show insecticidal properties. Aqueous extracts of
leaves were effective in controlling Sclerotium sp., a pathogen. Ground nuts showed molluscicidal
activity against the host of the liver fluke Lymnaea auricularia rubiginosa in the Philippines and the
hosts of Fasciola gigantea and Schistomia in Senegal. Extracts from crushed, whole seeds showed
molluscicidal activity against several schistosome vector snails. Phorbol esters were probably the
active ingredients.

Current Legislation:

There is scant legislation related to Jatropha Curcas L. Of interest, it is observed as a weed by some
communities (Australia) listed to be eradicated, while other states embrace the plant as a highly
suitable underutilised tree. Various classifications are available as a forest species or as a shrub of
some agricultural value. India has legislated for the massive agricultural extension of Jatropha Curcas
L. where it is officially classified as an Oil Seed Baring Forest and Domesticated Tree Species.
Thailand has classified the tree for commercial cultivation as well as recognising the potential
for agricultural land rehabilitation.

The extensive cultivation of Jatropha Curcas L as a fuel security, land protection and water resources
management crop may lead many administrations to legislate for the licensing of growers. Not least in
order to establish a plat form of quality management but, most in order to evaluate the crop harvest
expectations and, to be able to develop knowledge related to fiscal policies and exact contributions to
the GDP as these may be substantial.

Motions Tabled.

Throughout the tropical world there does not appear to be a country that has not investigated or is
investigating the possibilities of Jatropha Curcas L. for rural socio-economic improvement. Numerous
political and agricultural forums as well as international aid and development organisations have
engaged with discussions and projects related to every aspect of Jatropha Curcas L. Many proposals
have been considered and there are well in excess of 1000 projects world wide that have a focus
upon the cultivation of Jatropha Curcas L.

By far the most sought after objective is to establish the plant as the feedstock for the production of
Bio Diesel, never the less, most detailed project descriptions focus upon very basic rural activities and
gains that can be made from the cultivation of Jatropha Curcas L.

Almost three years ago the founding executive directors of D1 Qils Ltd tabled the notion that Jatropha
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Curcas L should be adopted as a tropical species for the production of Bio Diesel and various
commercially attractive products. In no less than 40 (perhaps more) the founding work has resulted in
exceptional levels of policy and development support. In October 2004 D1 Oils took the company plan
to the London Stock Exchange raising in excess of 16 Million pounds of shareholder support. In June
2005 the company tabled further motions and secured an additional 25 Million pounds of shareholder
support.

The companies’ primary objective is to become the world wide producer of least cost Bio
Diesel. (www.d1plc.com).

Lipase - Catalysed production of bio diesel from Jatropha Curcas L. Seed Oil

PS30 lipase and a lipase from Jatropha Curcas L. seed were screened for their ability to transesterify
J. Curcas L. Seed oil to its alkyl esters. (bio diesel) PS30 lipase was most efficient for converting the
J. Curcas L. seed oil to its alkyl esters, (bio diesel). Studying the effects of different alcohols on the
conversion rates of J. Curcas seed oil to its alkyl ester (bio diesel) using PS30 lipase, I- butanol gave
the highest rate of 87.24% iso-butanol, 83.30%, |-propanol, 80.42%, Ethanol, 73.12%, iso-propanol,
49.61% and methanol, 5.76%.

The fuel properties of the J. Curcas L. seed oil and its bio diesel have been determined. The J.
Curcas L. seed oil had a density of 0.93, viscosity of 31.00 (mm”2/sec), refractive index of 1.4070,
cloud point of 0.00 degree centigrade and pour point of 9.00 degree centigrade while the J. Curcas L.
seed oil bio diesel had a density of 0.77, viscosity, 6.54\mm*2/sec, refractive index, 1.4052, cloud
point, -3 degree centigrade and pour point of -6.00 degree centigrade.

The International Scenario

Several countries have active bio diesel programs, with the European Union and the United States as
leaders. Several countries have provided legislative support and have drawn up national policies on
bio diesel development. Bio diesel is registered as an alternate fuel with the US Environmental
Protection Agency (EPA) and meets clean diesel standards established by the California Air
Resources Board (CARB) and is also approved by the US Departments of Energy (DOE) and of
Transportation (DOT). Throughout the EEC legislation for the inclusion of Bio Diesel into the official
fuel economy has progressed at a blistering pace.

Future of Bio diesel in Thailand A joint concerted action by various government agencies, industry
and research institutes is the key to the success of this national level program. A clear supply chain
mechanism and utilization plan is necessary. The national legislation and policy plan for future 5, 10
and 20 years should be in place. It is envisaged that the Ministry of Rural Development, Environment
and Forestry, Petroleum and Natural Gas, Agriculture, and Departments for Energy and resources
management can all play leading roles in this program. Active involvement of industry associations,
petroleum companies and NGOs may also play an important role for the production and marketing of
bio diesel. Research institutes are rapidly developing high-yielding varieties of plants for various
regions and need to help in their mass plantation. The seed collection and the processing of raw oil
could also be taken up as a cooperative movement, which has led to several success stories.

The downstream processing of raw oil and supply, as Bio Diesel, to petroleum marketing companies
achieved by a decentralised small to medium scale industrial sector.

It is desirable to set up a bio diesel board or task force for the coordination of plantation, production
distribution and marketing activities. Standard setting institutions must be concerned with the total
process agriculture to industry as well as market delivery.

The Government of Thailand has already initiated a national program to cultivate vast areas of
waste/degraded lands by plantation of oil-bearing trees and the policy is being adopted across
the S-ASEAN regions. Several expert groups have studied various aspects of bio diesel
promotion in Thailand and have submitted reports. This initiative will make substantial
guantities of bio diesel available in the next 3-6 years.

Note on Toxicity
Hydrogen cyanide, HCN, is a colourless gas that smells slightly of almonds (although a small
proportion of people, about 1 in 10, cannot smell it at all due to a genetic trait). It is extremely
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poisonous, because it binds irreversibly to the iron atom in haemoglobin, making it unavailable to
transport the vital O2 to the body's cells and tissues. It also interferes with ATP (adenosine
triphosphate) the main energy storage molecule in the body. The combination of bot h these two
events rapidly brings the body's metabolism to a halt, resulting in death.

Ironically, for such alethal molecule, it is thought to have been one of the main progenitors of
life on Earth. This is because HCN was probably one of the small molecules in the Earth's
primeval atmosphere and would therefore have been an important source or intermediate in
the formation of biologically important chemicals. For example, under pressure and with
traces of water and ammonia, HCN produces adenine, one of the bases needed to construct
DNA. HCN can also act as a condensing agent to turn amino acids into the polypeptides from
which complex proteins are made.

How to make it

HCN is evolved when metal cyanides such as NaCN or KCN are treated with acids. This is one
method by which prisoners in US jails are executed - they are strapped into a chair in a sealed,
airtight room, and concentrated acid is dropped onto a large amount of a metal cyanide salt...
HCN has a number of innocuous uses as well. It is made commercially on a large scale by the
reaction:

CH4 + NH3 @ 1200C/Pt-catalyst ? ? ? H-C=N+3H2

From which it is used to make adiponitrile (NC (CH2)4CN), which is then used to produce nylon.
Waste HCN is converted for use as a fertiliser. HCN is present in literally hundreds of thousands
of plants from around the world. Peaches, Apricots, Oranges all contain higher levels than
Jatropha Curcas L.

Jatropha Curcas L. in selected countries

Australia: Northern Territories

All plants that were declared weeds under the old Noxious Weeds Act 1962 automatically became
declared weeds under the Weeds Management Act 2001 No other weeds, or potential weeds, have
been declared since the Act commenced, but it is planned to review the list of declared weeds. This
may result in changes to geographical areas where weeds are, declared, or removal of certain weeds
from the list, and addition of other plants as weeds. The Review may also consider the criteria under
which plants are declared as weeds. Jatropha curcas-Physic Nut is a CLASS A WEED - TO BE
ERADICATED (See above comments on JCL) this may change as Australia is under pressure to
discover alternative energy resources and studies have shown that Jatropha Curcas L. is not a weed.

Benin

There is no knowledge about actual activities. But Benin, in former times Dahomey, exported in the
years around 1940 large quantities of Jatropha to France (Marseille), where the oil was used for the
fabrication of the famous “Savon de Marseille”. In the years around 1990, the director of CADER
Attakora in Natitingou, in the north of Benin, started a campaign of the dissemination of Jatropha
hedges in the north of Benin.

Brazil

The world leaders for the production of Gasohol and fuels derived form Sugar are now instigating a
comprehensive program for bio diesel using Jatropha Curcas as the prime feedstock. It is estimated
that over 20 million H/a of degraded and marginal land reform will occur in the next several years,
creating an excellent Agriculture to Industry and generating millions of rural as well as city based
employment.

Cambodia

Cambodia retains extensive non commercialised groves of Jatropha Curcas L. Established as
boundaries and property protection. Harvests have been sporadic and generally the tree has not been
exploited. The Cambodian Agricultural Foundation is active in investigating the potentials for Jatropha
Curcas L. Of note the foundation executive can call on over 100,000 village cadres to perform efficient
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collection for all manner of agricultural collections and estimates that they could sustain a delivery of
some 150 tons per day into thecapital city.

Cuba

GUANTANAMO, Cuba - Farming families in El Oro community, located in the semi-arid region of this
eastern Cuban province, have been successful in making soap from the extracted from the Jatropha
curcas tree (known locally as 'pifién botija'), a plant that also helps prevent erosion.

The plantation of the Jatropha curcas covers some 2.5 hectares, and for now the soap is produced by
hand from the Jatropha nut, or physic nut, in a small laboratory. Every 100 kg of crushed nuts
produces an estimated 38 litres of oil.

"The machine is still in its test phase, but with that quantity of oil we can make around 50 bars of
soap," Migdalia Ledn, manager of the ecological station at San Antonio del Sur, told Tierramérica.
This coastal area of Guantanamo province has been hit hard by drought and salinization. Currently an
island based initiative is underway to provide for the fuel needs of the island and to support a Cuban
drive to establish a Bio Diesel blend of some 5%.

Egypt
In the desert near Luxor a 5.000 ha Jatropha plantation is installed in 2003 by D1, an English bio
diesel company in collaboration with the Egyptian government. Irrigation with waste water.

Ethiopia
In the south of Ethiopia Jatropha is used in the form of hedges. In Addis Ababa a bio diesel company
was founded which wants to exploit Jatropha in a large scale for bio diesel production.

Ghana

A private firm, Anuanom Industrial Project Ltd, is starting a large-scale Jatropha project. The planning
is for 250.000 hectares of Jatropha plantation. Up to now there are no real serious figures about the
state of development available. A report mentions that 100 ha of Jatropha are already planted to
deliver seeds for the extension of the industrial plantations. The Jatropha oil will be used for the
production of bio diesel. UNDP extends it project MFP (multi functional platforms) to Ghana. There
are reports of superior seed oil content in Ghana (67% oil per seed), while this is unsubstantiated.

Guinea (Conakry)

Guinea has a high density of Jatropha plant (mostly hedges, in the Fouta Jallon area), but there are
no reports about activities/projects. UNDP extends it project MFP (multi functional platforms) to
Ghana.

Laos

Laos is littered with established Jatropha Curcas L. trees. Once again the tree has not been
commercialized however there are a substantial number of NGO’s and executive offices from both
government and industry that are moving forward with extensive projects for the massive cultivation of
Jatropha Curcas L. Plans for some several million H/a are well advanced and a government target of
9,000,000 H/a by the year 2009 is being discussed.

Indonesia

For more than 7 years the Indonesian government supported by various international and national
agencies as well as University research institutes has investigated the potentials of Jatropha Curcas
L. There is an established national initiative to plant 9,000,000 H/a of Jatropha Curcas by 2009. This
is a systematic highly evolved approach to the development of Bio Diesel from Jatropha Curcas L.

Madagascar

In the years around 1940, Madagascar was exporting Jatropha seeds to Marseille, France, as raw
materialfor soap production (“Savon de Marseille”). There are still large quantities of Jatropha hedges,
but their seeds are more or less not used. USAID is supporting agricultural extension and the
commercialisation of Jatropha Curcas inclusive of the production of Bio Diesel. Agricultural extension
is forging ahead in Madagascar where more than 500,000 H/a of cultivation is in place.
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Mali

GTZ-Projects (1987 — 1997). Within the “Special Energy Programme” of GTZ Jatropha activities
commenced in 1987 and continued in different organisational forms until 1997. The Malian partner of
the GTZ project was DMA and CNESOLER. During the GTZ projects basic studies were carried out
on the density of Jatropha hedges in different regions of the country, on the yield of the hedges, on
the oil yield of the expellers and the ram presses, on the economy of soap production and the use of
Jatropha oil as diesel substitute. Also studies were undertaken on the value of the Jatropha press
cake as an organic fertilizer. At the end of the GTZ projects, in 1997, the population of Jatropha was
estimated at around 10.000 km of Jatropha hedges, which represents a potential of about 2.000 tons
of Jatropha oil.

UNIDO / UNDP

UNDO/UND started a large scale project to disseminate “Multifunctional Energy Platforms (MFP)” in
the rural areas of Mali. 450 units are planned, and 15 %, i.e., almost 70 units should run with Jatropha
oil as fuel. This programme will be extended to Senegal, Guinea, Cote d’'lvoire and Ghana.
Essentially, it comprises a 10 H.P diesel engine, capable of driving up to a dozen different ancillary
modules. Among are a grain mill, a dehuller, a shea butter press and even an electric alternator. This
alternator can drive modules such as a water pump; provide power for up to 250 light bulbs, charge
batteries, drive a saw mill or weld metal. The platform employs simple and appropriate technology
and is an economic, practical and sustainable solution for many of the problems faced by rural
communities. Local artisans are trained to master all aspects of this simple and appropriate
technology.

Mali Folkecenter

Mali Folkecenter, a NGO in Bamako, took up the Jatropha activities in 2000, which were carried out
by GTZ between 1987 and 1997. In the meantime CNESOLER was in charge of the Jatropha
activities (CNESOLER was the national partner of the GTZ project). Mali Folkecenter gets financial
support from the Siemenpuu Foundation in Finland.

UNIFEM 2003 (German UNIFEM Section)
In 2003 the Jatropha project in Mali, started by GTZ and continued by Mali Folkecenter, received the
2" prize in the German UNIFEM branch.

Mozambique

As a former Portuguese colony, in some areas there are large populations of Jatropha hedges. From
Mozambique the knowledge of the Jatropha hedges invaded Zimbabwe, Malawi and Zambia. The
South African Oil & Gas Company “Sasol Technology (Pty) Ltd” built a gas pipeline from South
Mozambique to Johannesburg, South Africa. Along the pipeline they initiated activities of rural
development. The project manager in charge of these community development activities explains the
objective of these activities as follows: The objective is to do rural development to let the population
participate in the economic benefits of the pipeline. He intends to create small as well as large
Jatropha plantations in the neighbourhoods of the pipeline

Namibia

There is some initiatives to plant Jatropha in Namibia, mostly from white farmers. But the climate
(rainfall isnot sufficient) does not allow Jatropha plantation in a larger extent. The locations selected
are classified as dessert regions. Recently activity has attempted to copy the programs of Egypt.

Senegal

A project carried out by ATl (now Enterprise Works), an American NGO, in the region of Ties, planted
Jatropha hedges and extracted Jatropha oil with ram presses. The oil was used to run Diesel engines
(for flower mills) and to make soap.

South Africa

Emerald Qil Int. (Pty) Ltd is initiating 100.000 tons per year bio diesel plant in Durban. It tries to
organize the production of the feedstock for the plant (Jatropha curcas seeds) in South Africa or to
import it from the neighbouring countries (Zimbabwe, Malawi, and Zambia) or from Madagascar. It
supports the Agricultural Extension Service of KwaZulu-Natal to establish large scale plantations of
Jatropha hedges. Owen Sithole College of Agriculture (OSCA) The College has a very small Jatropha
test plantation (100 plants) in co-operation with the Agricultural Extension Service, KwaZulu-Natal.
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The Agricultural Extension Service, KwaZulu-Natal is very active in promoting the plantation of
Jatropha in the Makatini flats just south of Swaziland at the coast of the Indian Ocean. For this it
formed a Jatropha Task Team, which also organizes public field days.

Sudan

Jatropha is found in Sudan in many areas such as Khartoum State in Central Sudan, Kassala State in
the East and Kordofan State in the West. However, it is dominant in the Southern States especially in
Bahr El Jebel and Bahr El Gazal States. It is mentioned as an indigenous plant in some books
describing the plants of Sudan. The farmers in the south plant them as hedges to protect their
gardens and fields. Jatropha Research started in Sudan as early as 1972 with studies concerning the
molluscicidal effect of the plant. Jatropha Project exists in Kutum, North Darfur, with participation of
the German Development Service.

Tanzania KAKUTE Ltd

This firm disseminates the know how concerning “The Jatropha System” and produces Jatropha soap
in an industrial scale. The dissemination is done within a project called “ARI-Monduli” (Alternative
Resources of Income for Monduli women). This project is financed by the American McKnight
Foundation and is executed in close co-operation with Heifer International Foundation. KAKUTE
produces around 1.000 kg of soap a year and sells it in form of pieces of 30 and 90 g each. Their
revenues from the sale of soap are about 6 million TZS (about 6.000 USD). KAKUTE created a test
plantation on private ground (2.5 ha) to get experience with Jatropha plantations. KAKUTE ftries to
use Jatropha against erosion: Between Arusha and Lake Manyara is a very big plain (Massai steppe).
A water line for cattle was installed there and now Maria cattle herds from far away come to get water.
This led to an overgrazing around the water basin and consequently to deep erosion grooves.
KAKUTE tries to plant Jatropha against the erosion, but with little success, since the origin of the
overgrazing, the water source, still exists. The project ARI-Monduli disseminates the Jatropha know
how in different ways:

Thailand

No less than 30 academic institutes and private industry groups are progressing trial and substantial
plantations of Jatropha Curcas L. The government has initiated the foundation for a national
alternative fuel energy platform and has consistently upgraded the role of Jatropha curcas L. Thailand
has the longest recent history of extensive research into the species Jatropha Curcas L. Members of
the academic institutes of Thailand have continued research that was established in the 1950’s. It
would be unfair not to make mention of Professor Dr Chamnan Chutkaew who has devoted a life
time of science to Jatropha Curcas L. along with a number of very eminent scholars from Thailand.

Uganda

Mr. Matthias Goergen, a consultant for GTZ, reported about Jatropha hedges planted by the
autochtone population in Uganda (West Nile Province). But they are planted as well by the refugees
in the camps, who do subsistence agriculture on small plots (0, 3 to 0, 5 ha per person). It seems that
the population does not use the Jatropha fruits. The hedges are used only for fencing. Mr. Alex
Baudet founded a bio diesel company in Uganda (Uganda Bio fuels Ltd. in JONAM COUNTY in
NEBBI district). In Uganda, Jatropha trees are used as a support for vanilla plants.

Zambia

In Zambia, mainly in the areas near the border to Mozambique, large quantities of Jatropha hedges
exist. Generally the population neglects the use of the seeds. The hedges serve as a protection
device against cattle. In Lusaka a 2 ha test plantation exists, which was planted by the NCSR
(Nations Council of Scientific Research), by contract with a soap production firm. The intention was to
replace imported tallow with Jatropha oil. After the soap firm was sold, the management lost interest
in the Jatropha approach. In Southern Province, besides the Lake Kariba, Jatropha plants are well
known to the population, because workers, who returned from Zimbabwe, brought seeds back home
and planted them. In 1999 an excursion trip with about 20 farmers from Southern Province to the BUN
Jatropha project in Zimbabwe initiated a lot of enthusiasm within the group of farmers. Almost all of
them started small Jatropha plantations or hedges. A study from Malawi two years later mentioned
100 farmers who started to plant Jatropha.

Zimbabwe
Production of Jatropha Curcas and Soap Making
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In Makaha Ward A, 3,000 Jatropha curcas plants were raised in the tree nursery. These seedlings
were planted around nutrition gardens while some were distributed at household levels. In Gwanda
Ward 19, theJatropha curcas seeds were distributed to households and 1,300 were raised in the
nursery. Other exotic and indigenous tree species were also raised and planted by the communities of
each project area. Training in extraction of oil from Jatropha seeds and making soap from the oil was
demonstrated to representatives of the two communities by Biomass Network, a local organization
that specializes in training communities in the appropriate use of natural resources. Afterward, the
representatives conducted demonstrations in their respective areas for the rest of the community.

The Jatropha project of BUN started 1996. It is funded by the Rockefeller Foundation, the Australian
Agency for International Development (AusAid) and the Royal Netherlands Embassy. The project is
located in Makosa, near the Mozambique border. Jatropha plants are in abundance there.
Traditionally they are used as a live fence around homesteads and gardens. The objectives of the
project are:

Use of the plant as a source of oil for use as fuel (domestic and industrial use) and for soap

making - Use of the press cake as organic fertilizer;

Use of the oil for lighting purposes;

Binga Trees Project

The Binga Trees Programme started off August 1996 with the aim to develop local resources that
appeared to be untapped in spite of their capacity to improve the living conditions of Binga District’s
rural population of 105.000. Important among the perceived under-utilized resources are a number of
food and/or oilseed producing trees such as the Moringa Olifera, the Jatropha curcas, the Cashew
nut, and the Trichilia emetica, which all have an obvious potential to improve the household food
security in a variety of ways

India

Coimbatore, considering the changing agricultural scenario in the state, due to water shortage, Tamil
Nadu Agricultural University (TNAU) has proposed an alternative cropping strategy for the farmers
benefit. As part of this strategy, the University has submitted a project including three crops—
Jatropha, Sweet Sorghum and Sugar Beet to the state government, TNAU vice-chancellor C
Ramasamy said today. Inaugurating a statelevel seminar on Jatropha, Sweet Sorghum and Sugar
beet, Ramasamy said these crops had a bright future in the country, as they provide an alternate
source of fuel, bio-fuel. Claiming that the rising petrol and diesel prices, coupled with their shortage
and huge import expenditure, had necessitated the promotion of these crops, he said that these
required not only less water for cultivation but would also have a sustained market demand and
favourable prices. In his introduction on Jatropha crops, E Vadivel, Dean (Horticulture), TNAU, said
India required 523.24 Thousand tonnes of diesel by 2006-07 and 660,000 tonnes by 2011-12. Stating
that India had imported around 81.50 million tonnes of petroleum. Jatropha could be used as a
substitute and/or additive for petroleum products.

India has established national policy and targets to cultivate more than 13 Million H/a of
Jatropha by 2012.

The production chain for Jatropha Curcas L. includes a wide variety of stakeholders ranging from
farmers, Universities, NGO’s, private enterprise, industrial processors, and governments to end-users.
Depending on approach (small vs. large scale) the relative weight of stakeholders changes. The
African model is very much driven without heavy Government involvement. The Indian-Asia model is
exactly the opposite. However, in both cases the communication between the various stakeholders is
vital to have a clear insight in what canbe expected and what the risks are.
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Part Two:

Dr Reinhard Henning has led a Tran’s global mission over several years conducting research,
gathering materials and accumulating data related to the agriculture, cultivation, rural economy,
female gender and socio economic issues for Jatropha Curcas; as a highly desirable tree with an oil
seed crop of value to communities. (www.jatropha.org) Generally the focus of Dr Henning’s mission
has been upon rural small-scale farm and community activity in under developed regions of the world.
This is far removed, at first glance, from national policy formation for Bio Diesel and major agricultural
commercial activities. Never the less; the interventions of Dr Henning and associates have sown the
seeds for this larger view of the role for Jatropha Curcas L.

In Europe, research on the production of Diesel-fuels from vegetable oils is looking back on a 120
year'’s of history. Meanwhile, it is agreed between industrial producers and scientists that rapeseed oil
is the only one among the local plant products commercially meeting the quality standards of modern
Diesel-fuels.

Therefore, the European bio diesel market is bound to limitations given by the agricultural production
of rape, which is, at the same time, mainly produced for the food market. A greater variety of options
may be assumed in subtropical and tropical regions.

Jatropha curcas L. has been tested as energy source in a number of development projects and
research programmes, and it has shown very positive results.

Jatropha c. (sci.: Euphorbiaceae, ger.: Purgiernuss, engl: Physic nut, fr.: Pourghére) is related to the
Castor family. It is a scrub plant widely spread in South-America, Asia and Africa, which grows under
comparatively dry conditions (250-1200 mm precipitation p.a.) and on poor soil. Its nuts are toxic,
which makes it known in rural areas as a hedge-plant protecting fields against animals.

For the same reason it is not cultivated as a food crop. This actually qualifies it as an energy source in
developing countries, because no competition with local food markets can evolve.
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Jatropha Curcas L. produces seeds with an oil content of 37-58%. The oil can be combusted as
fuel without being refined. It burns with a clear, smoke-free flame. Jatropha plants control erosion and
improve soil. Moreover, it looks as though high-quality bio diesel made from Jatropha oil can be
produced to meet stringent European emission norms. Jatropha shrubs can deliver 1,600 to 3,000
litres of bio diesel per hectare, depending on irrigation conditions and the number of shrubs planted
per hectare.

Within a development project conducted by the German Agency for Technical Cooperation (GTZ) in
Mali it has been successfully tested as fuel for simple Diesel-engines with precombustion-chamber
used in agricultural production for mills and water pumps.

The esterification with methanol or ethanol produces bio diesel (methyl- or ethyl-ester) which can be
used for Diesel engines in advanced motor vehicles. Major motor vehicle manufactures have tested
Bio Diesel made from the oil of Jatropha seeds. The Bio Diesel has proved to be acceptable as a
HSD fuel substitute that may be used as BD 100 % but, is most commonly recommended for
utilisation as a BD 20% and HSD 80% blend. Vehicle manufacturers have accommodated the
use of Bio Diesel blends with their urban transport and rural farm vehicles provided that the
Bio Diesel (BD 100) meets or exceeds recognised European, American and Japanese
standards.

It is recommended that the Kingdom of Thailand adopt complimentary standards that focus
upon adherence to international vehicle producer’s fuel engine acceptable standards ensuring
that vehicle warranties and guarantees are not affected by the national fuel security initiatives
related to the establishing of a sustainable bio fuels industry.

Thailand

A preview of additional nation wide locations that possess attributes that would support the
first class agricultural extension of Jatropha Curcas for the production of Bio Diesel

Current National Strategy and Implementation Plan

Many years ago Thailand was faced with problems, from various perspectives, which caused a state
of recession. Especially, from the mid 90’s to the present day, as the rising global fuel prices have had
a continuous and increasing impact upon this fuel import dependant economy. Dependence on the
foreign fuel amounts to more than 90 percent of all consumption. This has a high impact upon the
cost of agriculture and manufactured goods. Farmer communities as a whole compose the vast
majority of highly challenged, least able, groups. Bio diesel is considered as a substitute for petroleum
diesel. The Government of Thailand supports the substituting of ethanol produced from cassava and
sugar cane for benzene, and bio diesel blended with HSD derived mainly from coconuts and palm oil;
recently this has been extended to include a national extension policy for Jatropha Curcas L.

Government policies promote alternative energy, consistent with the national energy strategy, as part
of the national agenda. A resolution of the council of ministers on May 17, 2005 concluded an
agreement on responsibilities as well as a formal budget for developing and promoting palm oil and
other oil crops for the production of bio diesel. The other biological oil resources, used vegetable oils
and animal adipose, were also were considered as the raw material for the renewable fuels for
alternative energy

Government supported effort to promote oil crops as a source of alternative Bio fuel for
transport and energy sectors.

Electrification in Thailand is well advanced through the national power grid. While the majority of the
population has access to mains electricity, there is a need to stress the utility of alternative energy
development in terms of transport fuel substitution and the reduction of imported crude oil for the
production of HSD/DERV.

Thailand’s oil usage is projected to rise by 5.45 percent by the year 2012, with the nation using 85
million litres of diesel per day 6 percent of this for agricultural production.
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Aware of the huge financial implications of rising oil usage, the government hopes that 10 percent of
all diesel used in the country will soon come from Bio Diesel produced from domestic agricultural
products. This should be seen as direct use of agricultural, marginal and decertified land for fuel
security, while the impacts upon food and rural economic growth should prove to be exceptionally
promising.

The Department of Agricultural Extension has been cultivating Jatropha in field trails and has shown
farmers how to use it as a fuel for agricultural machinery. Although, several farmers have expressed
an interest in cultivating the plant. Mr.Rewat Ritthaporn; the Deputy Director said “ that uncertainties,
pricing and the availability of raw materials, have served to slow down the growth of “Saboo Dam” as
an alternative fuel source”. The research and development work on the plant is forging ahead, the
Department of Agricultural Extension intends to draw up concrete plans for promoting the fuel, which
link farmers and Bio Diesel producers on a contract, complimentary market driven farming to
commerce basis.

A recent publication by the United Nations Development Programme (UNDP) offers an overview of
some of the most pertinent issues regarding development and energy and, provides case studies to
illustrate the linkages between energy and the MDGs (Millennium Development Goals).

While there is no MDG specifically on energy, improved access to energy services, including modern
cooking fuels, expanded access to electricity and mechanical power, it is necessary for meeting all
eight MDGs. Failure to include energy considerations in national MDG strategies and development
planning frameworks will severely limit ability to achieve the MDGs. Conversely, if approached as an
integrated part of MDG strategies and broader national development frameworks, access to energy
services can be an important instrument in helping promote economic growth, social equality and
environmental sustainability.

The concept of fuel security driven by agricultural endeavor cannot be under stressed as being
germane to the sustainability of many national economies. Thailand is challenged to be a proactive
leader in the ASEAN community promoting and developing policy initiatives that can impact
positive upon it’s highly inter dependant neighboring counties.

A practical evaluation of the North East region of Thailand’s ability to produce first class
Agricultural extension of Jatropha Curcas in support of the production of Bio Diesel.

The north Easter regions have nineteen provinces. Reference to the Excel file in the reference
sector gives an in-depth view of the Key statistics of population and households demographic
details for each region.

Center

Amnat Charoen is one of Thailand's newly established provinces and has a total area of some
3,161.248 square kilometres. It is divided into 7 districts: Muang Amnat Charoen, Chanuman, Hua Ta
Pan, Lu Amnat, Phana, Phatumrat Wongsa and Se Nang Khanikom.
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There is a population of 359,400 82.01% of the population live outside the municipal areas.
84.60% of the population is engaged with the agricultural sector. 0.30% are Employers, 36% own
account workers, 10% employed and 52.70% are classified unpaid family workers. 21% head of
households are female.

Boundaries

North: Mukdahan

South: Ubon Ratchathani
East: Lao PDR

West: Yasothon

Buri Ram, known as the city of pleasantness, is one of the largest and most populated provinces in
the North-eastern Region. It has an area of about 10,312.435 square kilometers. In the past, it was
covered with shady trees and the land was fertile. Even the name "Buri Ram" means the city of
happiness or the city of joy. Approximately 1.75 million Rai of the area is forestland. The main
occupation here is rice farming. The average per capita income is 14,343 Baht. Buri Ram is divided
into 21 districts and 2 sub-districts: Muang Buri Ram, Ban Kruat, Ban Mai Chaipot, Huai Raj, Khu
Muang, Krasang, Lahan Sai, Lamplaimat, Na Pho, Nang Rong, Noen Din Daeng, Noen Suwan, Nong
Hong, Nong Ki, Pakham, Prakhonchai, Puttaisong, Satuk, Plabplachai, Chamni, Chalerm Prakiat and
Ban Dan and Dan Dong sub-districts.

Boundaries

North: Khon Kaen and Maha Sarakham
South: Prachin Buri and Cambodia
East: Surin

West: Nakhon Ratchasima

Chaiyaphum is located almost at the centre of Thailand in the north-eastern region. Its size ranks
third in the region and eighth in the country. The province has a total area of 12,778.8 square
kilometers or 7,986,429 Rai. It is 342 kilometers from Bangkok and administratively divided into 14
districts and 1 subdistrict: Muang Chaiyaphum, Bumnet Narong, Ban Khawao, Ban Thaen, Chaturat,
Kaeng Khro, Kaset Sombun, Khon San, Khon Sawan, Nong Bua Daeng, Nong Bua Raheo, Phakdi
Chumphon, Phu Khiao, Thep Sathit, Noen Sa and Sab Yai sub-district.

Boundaries

North: Phetchabun and Khon Kaen
South: Nakhon Ratchasima and Lop Buri
East: Khon Kaen

West: Phetchabun and Lop Buri

Kalasin is 519 kilometers from Bangkok and administratively divided into 14 districts and 4 sub-
districts: Muang Kalasin, Yang Talat, Kamalasai, Tha Khantho, Khao Wong, Huai Meg, Sahassakhan,
Somdet, Kuchinarai, Kham Muong, Nong Kungsi, Namon, Huai Phung, Rong Kham, Na Koo sub-
district, Sam Chai sub-district, Don Chan sub-district and Kong Chai sub-district. The province
occupies an area of 7,055.07 square kilometers. The characteristics of the area are mountainous
along the Phu Phan Range in the upper part while the middle part is hilly area with the alteration of
deciduous forest.

Boundaries

North: Udon Thani, Sakon Nakhon and Nakhon Phanom
South: Roi Et and Maha Sarakham

East: Roi Et and Mukdahan

West: Maha Sarakham, Khon Kaen and Udon Thani

Khon Kaen lies in the geographical heart of Thailand's sprawling northeast plateau, and is known
among Thai as |I-San. Khon Kaen was established in 1783 and is a major regional development
centre and university city. The provincial capital is 449 kilometers northeast of Bangkok. The province
covers an area of 10,886 square kilometers, parts of which contain national and forest parks.
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Boundaries

North: Udon Thani and Loei

South: Nakhon Ratchasima

East: Kalasin and Maha Sarakham
West: Phetchabun and Chaiyaphum

Loei: Although geographical located in the northeast, Loei has many things in common with the
northern region with numerous high hills and mountains, wintry and foggy climate. It is the only
province in Thailand which has the dubious destination of the mercury plummeting to zero Celsius.
Loei is 520 kilometers from Bangkok and administratively divided into 12 districts and 2 sub-districts:
Muang Loei, Chiang Khan, Dan Sai, Na Duang, Na Haeo, Pak Chom, Pha Khao, Phu Kradung, Phu
Luang, Phu Rua, Tha Li, Wang Saphung, Erawan sub-districts and Nong Hin sub-district.

Boundaries

North: Lao PDR

South: Khon Kaen and Phetchabun
East: Nong Khai and Khon Kaen
West: Phitsanulok

Maha Sarakham is situated in the heart of northeast Thailand having peaceful atmosphere and being
the centre of education in the northeast so the name "Taksila of Isan" (Taksila was a city where
education of all branches were centered in the ancient India) is given to it. Maha Sarakham is 470
kilometers, along highways, from Bangkok. It occupies an area of 5,291.68 square kilometers being a
rolling plain without mountain or hill with the Chi River flows through. The majority of the area is rice
fields. It is administrative divided into 11 districts and 2 sub-districts: Muang, Kosum Phisai, Na Koon,
Chiang Yuen, Borabue, Na Chuak, Phayakhaphum Phisai, Kae Dam, Yang Sisurat, Wapipathum,
Kantharawichai, Kudrang sub-district and Chuenchom sub-district. The principal occupations of Maha
Sarakham people are cultivation and animal husbandry. Outstanding home industry of Maha
Sarakham is sericulture and silk fabric production.

Boundaries

North: Kalasin

South: Surin and Buri Ram
East: Roi Et

West: Khon Kaen

Mukdahan is located in northeastern Thailand and most of the area is a high plateau with dense
forests in the west. The eastern part of the province is mostly agricultural areas. Mukdahan comprises
7 districts: Muang Mukdahan, Nikhom Khamsoi, Kham Cha-ee, Don Tan, Dong Luang, Wan Yai,
Nong Sung and has eight tribes of Thai people, each of which has its distinct tradition and culture.
These eight tribes are Phu T'ai, Yu, Kha, Soe, Kar Saek, Kula and Thai-Lao.

Boundaries

North: Sakon Nakhon and Nakhon Phanom
South: Yasothon

East: Lao PDR

West: Kalasin and Roi Et

Nakhon Phanom is 735 kilometers northeast of Bangkok. The lovely setting of the provincial capital
is enhanced by the rugged beauty of the jungle mountains which lie beyond the Laotian town of
Thakaek, on the opposite bank of the river. During the centuries, Lao and other ethnic groups
migrated across the Maekhong River and this is reflected in the local dialects, customs and cuisine of
Nakhon Phanom.akhon Phanom has 10 districts and 2 sub-districts: Muang Nakhon Phanom, Pla
Pak, Tha Utain, Ban Paeng, That Phanom, Na Kae, Renu Nakhon, Si Songkram, Na Wha, Pone
Sawan, Na Thom sub-district and Wang Yang sub-district.

Boundaries
North: Nong Khai
South: Mukdahan
East: Lao PDR
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West: Sakon Nakhon

Nakhon Ratchasima or commonly known as Khorat is situated on a plateau, about 259 kilometers
northeast of Bangkok. Administration of this province is divided into 26 districts and 6 sub-districts:
Ban Luem, Bua Yai, Chakkarat, Chok Chai, Chum Phuang, Dan Khun Thot, Huai Thalaeng, Kang
Sanam Nang, Kham Sakee Saeng, Kham Thalesor, Khon Buri, Khong, Nong Boon Nag, Non Daeng,
Non Sung, Non Thai, Pak Chong, Pak Thong Chai, Phimai, Prathai, Sikhiu, Soeng Sang, Sung Noen
and Wang Nam Kheo. The city itself serves as the gateway to the North-eastern Region.

Boundaries

North: Chaiyaphum and Khon Kaen

South: Prachin Buri and Nakhon Nayok

East: Buri Ram

West: Chaiyaphum, Saraburi and Nakhon Nayok

Nong Bua Lamphu became the 76th province of Thailand in 1993. It has an area of 3,859.626
square kilometers. Most of Nong Bua Lamphu is situated on the north-eastern plateau and the
province has largeforested areas. There is a long range of mountains in the northeast that level off to
the west and to the southwest in Na Klang and Sriboonreung Districts, making these areas suitable
for rice cultivation.The province is administrative divided into 6 districts: Muang Nong Bua Lamphu,
Noen Sung, Suwan Khuha, Sriboonreung, Na Klang and Na Wang.

Boundaries
North: Udon Thani
South: Khon Kaen
East: Udon Thani
West: Loei

Nong Khai is a border province in north-eastern Thailand. It has a total area of 7,332.3 square
kilometers.And has an average elevation of 365 meters above sea level. The province is divided into
12 districts and 6 sub-districts: Muang Nong Khai, Tha bo, Bung Kan, Phon Phisai, Si Chiang Mai,
Se-ka, So Phisai, Sangkhom, Phone Charoen, Pak Cart, Bung Khong Long, Si Wilai, Bung Khla sub-
district, Sa Krai subdistrict, Fao Rai sub-district, Ratana Wapi, and Po Tak sub-district.

Boundaries

North: Lao PDR

South: Udon Thani, Sakon Nakhon and Nakhon Phanom
East: Lao PDR

West: Loei

Roi Et is located in the middle part of northeast Thailand, and established over 200 years ago. It used
to be a very large and glorious city. Roi Et is administratively divided into 14 districts and 3 sub-
districts: Muang Roi Et, Kaset Wisai, Pathum Rat, Chaturaphak Phiman, Thawat Buri, Phanom Phrai,
Phon Thong, Selaphum, Suwannaphum, At Samat, Nong Phok, Muang Suang, Pho Chai, Phon Sai,
Moeiwadi, Si Somdet, Janghan, Chiang Kwun sub-district, Nong Hee sub-district and Tung Khao
Luang sub-district. Roi Et occupies an area of 8,299.5 square kilometers.

Boundaries

North: Kalasin and Mukdahan
South: Surin and Si Sa Ket
East: Yasothon

West: Maha Sarakham

Sakon Nakhon is in the upper Northeast. It is on the Phu Phan mountain range and has many forest
temple retreats for meditation. Sakhon Nakhon is 647 kilometers from Bangkok and has an area of
9,605 square kilometers. The province consists of 18 districts: Muang Sakhon Nakhon,
Waritchaphum, Kutbak, Kusuman, Ban Muong, Phanna Nikhom, Sawang Daen Din, Wanon Niwat,
Phang Khon, Akat Amnuai, Songdao, Kham Ta Kla, Toa-ngoi, Khok Si Suphan, Nikhom Nam-un,
Charoen Sin, Phon Na Kaeo and Phu Phan.
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Boundaries

North: Nong Khai and Nakhon Phanom

South: Kalasin, Nakhon Phanom and Udon Thani
East: Kalasin and Nakhon Phanom

West: Nong Khai and Udon Thani

Si Sa Ket was originally called Maung Khu Khan. The province is administratively divided into 19
districts and 3 sub-districts: Muang Si Sa Ket, Yang Chum Noi, Kantararak, Kantararom, Khu Khan,
Prai Bung, Prang Ku, Khun Han, Rasi Salai, Uthumpon Phisai, Bung Bun, Noen Khun, Si Ratana,
Nam Klieng, Huai Thap Than, Wang Hin, Phu Sing, Muang Chan, Banjalak, Phayu sub-district, Sila
Lat sub-district and Pho Si Suwan sub-district.

Boundaries

North: Yasothon and Roi Et

South: Cambodia

East: Ubon Ratchathani

West: Surin

Surin is 457 kilometers far from Bangkok by car and 420 kilometers by train, and is 194 kilometers far
from Nakhon Ratchasima by car and 170 kilometers by train. Surin covers a total area of 8,124
square kilometers and is divided into 13 districts and 3 sub-districts: Muang Surin, Buachet, Chom
Phra, Chumphon Buri, Kap Choeng, Lamduan, Rattanaburi, Samrong Thap, Sangkha, Sikhoraphum,
Tha Tum, Prasat, Sanom, Phanom Dong Rak sub-district, Sri Narong sub-district, Noen Narai sub-
district and Khaow Sinarin sub-district.

Boundaries

North: Roi Et

South: Cambodia, Prachin Buri and Nakhon Nayok
East: Si Sa Ket

West: Buri Ram

Ubon Ratchathani is northeast and is some 630 kilometers from Bangkok. The province is
administratively

divided into 19 districts and 6 sub-districts: Muang Ubon Ratchathani, Buntharik, Kong Jiam, Kueng
Nai, Muong Samsib, St Muang Mai, Det Udom, Warin Chamrab, Tan Sum, Khemarat, Nam Yuen,
Pho Sai, KudKhoa Pun, Na Cha Ruay, Trakan Pued Phol, Pibun Mungsahan, Sirinthorn, Samrong,
Don Mod Daeng, NaYea sub-district, Lao Sue Kok sub-district, Na Tan sub-district, Sawang
Weerawong sub-district, Tung Si Udom sub-district and Nam Khun sub-district.

Boundaries

North: Mukdahan

South: Cambodia

East: Lao PDR

West: Yasothon and Si Sa ket

Udon Thani is a north-eastern province covering as area of 15,589 square kilometers. The provincial
capital is 562 kilometers northeast of Bangkok. Udon Thani is probably best known for its
archaeological wonders, paramount among them the hamlet of the Ban Chiang where the world's first
Bronze Age civilization isbelieved to have flourished more than 5,000 years ago. Udon Thani is
administratively divided into 18 districts and 2 sub-districts: Muang Udon Thani, Kumpawapi, Kud
Chab, Nam Som, Noen Sa-ad, Tung Fon, Ban Phue, Prachak, Pen, Ban Dung, Nong Wua So, Wang
Sam Moh, Nong Saeng, Chai Wan, Na Yung, Sang Com, Si Tat, Pibun Rak sub-district and Ku Kaew
sub-district.

Boundaries

North: Nong Khai

South: Khon Kaen and Kalasin
East: Sakon Nakhon

West: Loei
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Yasothon is in the northeast Thailand. The province was elevated under a Revolutionary order No.
70 on February 6, 1972. At present, Yasothon administrative divided into 8 districts and 1 sub-district:
MuangYasothon, Sai Mun, Kud Chum, Kham Khuen Kheo, Pa Tue, Maha Chanachai, Lueng Nokta,
Khor Wang and Thai Charoen sub-district.

Boundaries

North: Mukdahan
South: Si Sa Ket

East: Ubon Ratchathani
West: Roi Et

Nationally the amount of unpaid family workers is 30% of the population. In the North Easter regions it
exceeds almost half of the population of productive age. With more than 20% of national households
headed by women and an average family size of 4 with the vast majority living in non urban areas one
cannot help to conclude that the issue of Poverty alleviation must remain premium to the policies of
the national government.

The many Thai’s are living below international poverty guidelines, while it is clear that this group
family units have been the backbone of development ability for the nation. Refocusing agriculture to
address the issues of Fuel Security, Food Security and Land Rehabilitation may be an over due
imperative rather than an option.

The agricultural environment in northeast Thailand is characterized by the alternation of a rainy
seasons followed by a half-year dry season and the wide distribution of infertile sandy and saline
soils. Due to thesedisadvantageous agricultural conditions, the region is not economically blessed.
Farmers in the region have been planting rice as a cash crop on rain-fed paddy fields since the 1960s
when farmland was extensively expanded through deforestation.

The estimated areas of deforestation, desertification and degradation of land in the northeast region
exceed the national requirement for Jatropha Curcas Agriculture to Industry by some millions of H/a.
Recently, areas used for the harvesting of sugarcane have expanded rapidly as has the breeding of
large-sized ruminants. Demands for milk and meat are expected to increase along with the country's
recent high economic growth. Sugar Cane is not proving to be an easy crop to manage in the
northeaster region. The soil has particular characteristics that do not favour the planting of cane, while
the feeding of livestock with clean first quality supplements is an expensive affair that is not a feature
of rural agriculture in Thailand. Animals forage for sparten returns. Jatropha Curcas may deliver a
premium protein animal feed when detoxified at the time of pressing for oil extraction.

Deforestation and the expansion of saline soils have changed the hydraulic environment. In particular,
soil erosion and deterioration of soil fertility in cassava fields have resulted in decreased productivity.
Cash crop profitability is also waning due to the depression in the market price of agricultural
products. Cassava cannot be considered as a premium crop while it is mentioned above that it is one
of the few agricultural crops that are not complimentary to Jatropha Curcas L.

In order to promote agriculture in the region, it is necessary to maintain an envi ronment favourable to
reforestation and to utilize/rebuild water resources effectively. At the same time, it is also necessary to
shift the agricultural system from one that is dependent on a few cash crops to a sustainable
agricultural systemin which local resources are utilized much more effectively.

The main area of productivity in Thailand is agriculture. Agricultural productivity supports the industrial
sector with raw materials. The arability and quality of land are increasingly important as factors that
affect the nation’s productivity. Fertilizers can help to increase productivity of an area of land. The
amount of land used by the agricultural sector has been steadily decreasing because of the
expansion of residential, industrial, and commercial areas. The improvement of agricultural
productivity at present relies on fertilizers of whichthe majority is imported from foreign countries. This
is true especially for those fertilizers containing Ammonium Phosphate and Urea. This situation
means an imbalance in the economics of agricultural production. In addition, fertilizers can affect the
soil structure and the ecosystem when they are applied improperly.
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The Biological residues derived from Jatropha Curcas L are considered to be excellent quality
organic fertilizer material with high utility for traditional farming methodologies relevant to the
North

Easter
Manure Nitrogen Phosphate Potash  Moisture
Jatropha curcas oilcake 4.44 2.09 1.65 4.58
Neem oilcake 5.00 1.00 1.50 )
Indian beech oilcake 4.00 1.00 1.00 ]
Cow dung 0.97 0.69 1.69 9.70
Poultry waste manure 3.04 3.27 2.08 10.19
Compost straw 0.80 0.18 0.68 ]
Wild lotus 1.48 0.47 0.48 -

Regions of Thailand.
FIGURE 2 Comparison between Jatropha Cake Manure and Other Manure Varieties

Critical to the definition of alternative agricultural is recognition of the inter-linkages between the
sociocultural, economic and ecological aspects of farm production. An alternative agricultural system
provides socio-economic and ecological benefits in terms of: increased self-reliance (both in terms of
food production and by enabling the farmer to break away from the cycle of debt created by the high
cost of off-farm inputs); a balanced diet for farming households; sufficient income; and an
improvement in the farm environment. Equally important the system must be environmentally
sustainable and at the same time provide the farmer with a satisfying lifestyle.

There is little requirement to consider Jatropha Curcas as a “mono Cropping” agricultural
solution. It is abundantly clear that JCL is a tree that should be grown extensively as a
complimentary tree to support traditional or establishing agricultural practice.

The Thai government has promoted high input; export orientated agricultural systems in a bid to
increase the country's growth rate. However, the environmental and socio-economic effects of this
agricultural strategy have resulted in the retardation of the country's agricultural sector.

More specifically poor farm management techniques and inappropriate use of agro-chemicals has
resulted in soil erosion as well as soil exhaustion (Tantemsapya 1995). Jatropha Curcas’s agricultural
extension and subsequent processing to Bio Fuel and Bio Organic Fertilizers, as well as other benefit
from harvest (Bio Organic pesticides and basic treatments for Foot and Mouth decease) values can
play a major role in land rehabilitation while lending exceptional benefit to both food and fuel security.
Death and iliness to farmers caused by pesticides is a serious problem in Thailand. This stems from
the Thai farmers’ lack of knowledge with regards to agro-chemical application and safety procedures.
The aqueous run-off from the pressing of JCL for oil and cake extraction can be used directly as a
plant food supplement and organic pesticide.

Past intensive use of agricultural chemicals led to widespread pollution of public waterways and
subsurface aquifers, a dramatic decline in the populations of freshwater fish and other aquatic wild
food stocks. Toxic agricultural run off in areas adjacent to and upstream of protected areas often
threatens their ecological integrity.
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These impacts have been recognised. Major importers of Thai agricultural products including Europe,
Japan and the United States, have been strengthening their import standards and decreasing
acceptable chemicalresidue levels for imported foodstuffs. Government authorities and NGOs have
been advocating organic farming methods but these have still to take hold in industrial agriculture.
The absolute need to address the emerging issues of agriculturally driven fuel security may establish
a more organic pattern of agriculture that lends both stability to the internal national economic
platform and improved credibility in terms of export markets for Thai products.

Although Jatropha Curcas L can be viewed as a major contributor to rectifying this situation, we must
be mindful regarding the management of the crop and harvest values. It would not be prudent
management to allow Jatropha Curcas harvest processing within a village or non-professional
environment. One must consider that maximum values can be obtained for farmer and farmer
communities when seed is purchased for processing within correctly managed supervised
zones. This allows for all parties to obtain maximum values while the greatest protection is
afforded for the socio economic environment of rural farmer communities.

Roughly two-fifths of Thailand is hill and mountain area. Estimates in the 1970s of overall land-use
suitability classified 58 per cent of this area as cultivable compared with 24 per cent two decades
earlier. Actual holdings of agricultural land — not all under cultivation at any one time — were estimated
in the mid-1970s to occupy about 43 per cent of total land area. Thailand’s impressive agricultural
growth rate, averaging four per cent per year over the past decade, has been achieved largely
through expansion of cultivated area. Government policies provided stimulus for a major increase in
agricultural production by promoting agro industrial technologies, effecting favourable changes in
input and price controls, and providing irrigation and credit facilities. The resultant expansion of
cultivated area and application of modern agro-industrial technologies caused a widespread
conversion of forests to cropland and serious agro-chemical toxification of the rural environment with
soil erosion in upper watersheds.

In response, the Eighth National Social and Economic Development Plan stipulate a need for the
country to focus on developing sustainable and environmentally sound agro-ecosystems. Although
there are adverse considerations of Jatropha Curcas’s toxic elements it should be stressed that the
poison substances derived form JCL are by no means as excessive or as dangerous as industrially
produced chemicals. In fact, direct extraction of Cursin may be a profitable bi-product from JCL
cultivation.

Sustainable agriculture policies and programs

Thailand’s Department of Agriculture (DOA) has inaugurated a national Sustainable Agriculture policy
under which major national extension programs supporting development of chemical-free farming and
integratedpest management are being implemented. Integrated cropping to increase agro-biodiversity
is gaining popularity in agricultural extension circles.

DOA’s policies and programs aim is to ensure the sustainability of Thailand’s agricultural export
sector, and limit negative impacts from agriculture on the environment and public health. Additionally,
the Land Development Department (LDD) is implementing an integrated program aimed at
contributing to sustainable agricultural production. LDDs program includes: integrated land use
planning, development of land and water conservation systems, biological soil erosion prevention
methods, development of integrated low-input cropping systems, crop selection for pest, disease and
soil infertility tolerance, and on-farm tree planting and forest expansion through natural regeneration,
reforestation, and community forestry (Agenda 21 2000).

Many non-governmental organisations are providing support for the development of integrated
sustainable agriculture. Increasing consumer awareness of the health risks associated with
chemically contaminated foods has impelled private entrepreneurial development of chemical-free
farming.

The massive extension of JCL in Thailand can contribute to the success of sustainability programs for
agriculture. There is a requirement for sound practice with JCL, there is a requirement to establish a
comprehensive JCL agriculture to industry platform and there should be licensing of the procedures
related to management of harvest values. It is pointless, as illustrated with all the Afro-Caribbean
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studies and marginal gender based rural income systems for JCL to consider that anything other than
professional first grade technology management of the crop will suffice. In order to derive the full
economic impacts from JCL cultivation farmers and farming communities should be encouraged to
attend to the management of trees and good farm practices to enhance harvest values and further
directed to deliver these harvests to fully approved licensed processing operations where maximum
harvest values can be extracted.

New Theory Agriculture

His Royal Highness, King Bhumiphol Adulyadej, has introduced a system of integrated and diversified
agriculture known as “new theory”. The system involves recycling of internal inputs and revolves
around rainwater collection ponds used in both fish raising and supplementary irrigation. New theory
agriculture aims to re-establish ecological balance, as well as local economic self-reliance to extricate
farmers from the serious indebtedness that has resulted from widespread investment in high-input,
export-oriented cash cropping. The Kings enlightened view of agricultural practice embraces Jatropha
Curcas L and, the Royal Household has actively promoted the establishing of Jatropha Curcas
cultivation on a grand scale. This positive step has to be re-enforced with technology transfer that
ensures that the maximum food and fuel security statements can be made from the promotion of
Jatropha Curcas L.

Increasing attention to farmer participatory planning in agriculture development

Agricultural extension in Thailand has often depended on transferring results from research stations to
farms. The transfer process has often been unsuccessful because the conditions on-farm are so
different from those found on the stations.

In the context of its Sustainable Agriculture Program, DOA has begun to identify problems and
potential solutions through farmer participatory approaches. These approaches elicit local experience
and apply indigenous technical knowledge to identify appropriate solutions to farmers’ problems. DOA
then supports application of the solutions by farmers groups. The program is increasingly concerned
with efforts to enhance agro-biodiversity.

Over this past period more than 70 experimental sites have been established for Jatropha Curcas
across the regions of Thailand. They are under the management of Extension services, academic
institutions, farming community groups, individual farmers and numerous Thai businessmen seeking
to establish a trade for JCL seed, cutting and products. For the foreseeable future the demand is so
high for planting material, information and general support from industry that the selling price for seed
(for planting) topped $77.00 per kg.

The government is taking action to cool this process and manage the extension towards “best
quality seed varieties”. However it is a known fact that rootstock can be enhanced with grafting,
hence many farmers are prepared to plant the seeds from local varieties with a view to being able to
improve orchards at a later date. This is not the best scenario while it is a typical new venture
scenario in Asia that is generally tolerated.

The sustainability plan on energy supply in Thailand, is predicting a total annual consumption of
15,000 million liters, (although there is no reason to cap the amount of deliverable bio diesel as each
home grown liter contributes directly to sustainable rural income and the national economy,
generally), this promotion demands raw material supply.

Although, palm oil has an established market profile and is currently the only available “suitable” raw
material in abundance it is not the “most suitable” raw material for bio diesel production. Palm QOil is a
highly saturated vegetable oil. Subsequently the delivery of Bio Diesel from Transesterification is a
lesser percentage than that delivered from poly unsaturated oil like Jatropha Curcas Oil.

Additionally the oil has high free fatty acid(s) (FFA) content requiring pretreatment processes that can
be expensive and complex. Most Importantly, Palm oil is in high demand world wide (although this is
declining with the advent of improved eating habits) as food oil rather than a fuel substitute. Having
said this it is apparent that the drive to discover fuel substitutes from plant material is having an
impact on the world palm oil price. While good for Asian producers of palm oil it must be observed
that poor regions of Asia and Africa have built up a dependence on cheap palm oil. In parts of Africa
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more than 85% of edible oil is imported palm oil. The impact has been to destroy national oil seed
cultivation, oil extraction and primary agriculture to market supplies of home produced edible oils.
While industry giants can switch production into either food or fuel markets it is generally impossible
for the rural poor of developing and transition nations to respond rapidly to changes that deliver
economic burdens. Jatropha Curcas could hold the answer.

As illustrated above Thailand’s farmers have several problems regarding Jatropha Curcas. It is
certainly a highly interesting plant with multiple uses. Although not particularly as oil to bio diesel as
this involves levels of capitalization for technology transfer that rural farmers do not have access to. In
the rural areas Jatropha oil can be useful for the farm; while the multi-faceted use of Jatropha Curcas
requires intensified agricultural production along with high grade process technology and direct
commercialization into the fuel and agro technical industry sector.

“Itis incorrect to suggest to rural farmers that they might or should make use of Jatropha
Curcas using low grade technology. This is breeding inefficiencies and taking away the
farmers focus upon improved yields from good practices on the farm; that can deliver much
more benefit and flexibility in terms of cash for crop arrangements”.

Basically, Jatropha Curcas’s use as a living fence and somehow as a cure all, “as the medicines
tree”, has been realized by many communities for a long time. Jatropha fences are easy to plant from
seeds or cuttings and useful chiefly as a hedge to enclose fields and gardens. Nowadays, farming
communities are recognizing the whole utilization of the Jatropha plant and its cultivation from the
promotion by way of the Department of Agricultural Extension, Department of Agriculture, as well as
radio, and television. Many educated community’s leaders are pressing for development goals and
seeking out experienced people from other communities to assist with expanded agricultural
programs. They should keep a keen eye on the delivery of first grade agriculture and spurn the short
term profiteers intent on selling low grade technology at high cost into the communities.

Now there is an increasing focus in Thailand on the use of Jatropha Oil as a cost efficient substitute or
blend with HSD diesel. The oil derived from the seeds of Jatropha Curcas, which is shown to grow
well in many districts of Thailand and in particular the North Eastern area, has been described as
possessing characteristics that favour the economic production of Bio Diesel.

Demand for bio diesel is increasing. While there is an absolute need to extend the agriculture of
feedstocks prior to the realisation of any viable production capacity?

Investigation of experimental sites and field studies in the local northeastern area, KhonKaen province
and of farmers’ planting in Nakhonratchasima (Korat) can be summarized as follows:

The experimental site in KhonKaen Province, Department of Agriculture, Prof. Dr.Chamnan Chatkaew
and his associates from The Department of Agriculture studied the cultivation and, breeding
comparisons between several species of Thailand and Indian seeds. Now they are still waiting for the
findings. Prof. Dr.Chamnan said that he has experimental sites is in many provinces: These are:

Nakhonratchasima (Korat): in Amphur Si-Kiw and Ban Mai Samrong 25 rais, seeds from KU.
Kamphaengsaen Campus started in June 2004.

Surin: in Technology Ratchamongkol University 10 rais.

Sakolnakorn: in Kasetsart University 10 rais, from D1 and local seeds, will start soon and 2 rais
started in October 2004; waiting for assessment of planting Service Operators excluding the
experimental site of the Departments of Agriculture totally 5 rais.

Khonkaen* : in Agricultural Research and Development Site 5 rais, in Khonkaen University 5 rais,
started in July — August 2004.

Chiangmai: in Mae-Jo University 8 rais, from D1 and local seeds, started in June 2005. 4 Rais under
Professor Chamnan.
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* The results of the experimental planting in Khonkaen are the best (Ne Region) because of the good
maintenance and continuous taking care of irrigation system and fertilizer. Expenses of work force
and the facilities are much more than other areas.

Both of Irrigation system and fertilizer are imported utility is different between areas. Appropriate
expert soil testing by scientist is necessary.

These issues can lead to concerns for the farmers (the expenses for workers, mixed soil chaff,
chemical fertilizer and manure, insecticides), especially in the northeast as farmers have to buy the
water from local government, merchants or neighbours. Jatropha Curcas, once established may
assist with the rectification of many problems.

Amphur Kong, in Nakhonratchasima (Korat), the farmers cooperate to join a farmer groups for
Jatropha cultivation, directed by group leaders.

Mr.Nattawut Te-chawanich ; Deputy President of The Chamber of Commerce for the New
Generation- Business Man in Nakhonratchasima, has stabilized his planting with the initial trial of
Jatropha cultivation from seedling in May, 2004. His group of farmers have propagated Jatropha
Curcas L on approximate 300 rais. Mr.Nattawut was helpful around the farms since from the out set.
He purchased the seeds from Kasetsart University, Kamphaengsaen Campus, 30 baht/kg., and
raised young plants sold to the farmers at 5 baht/plant assisting with education for understanding of
farm process’s and maintenance management. Delivering useful impacts to all households he has
been contributing to improved income and quality of life rather than rice cultivation. Whereas this area
is most dry in this province, the farmers have encountered huge problems with rice planting for years.
Jatropha Curcas is suitable for promoting a lead into self-reliance with and sustainable agriculture.

A review of additional nation wide locations that possess attributes that would support the
first class agricultural extension of Jatropha Curcas for production of Bio Diesel

Besides the North East, the essential experimental sites in other provinces, have cultivated Jatropha
Curcas more than 20 years

1) The experimental site in Nakhonsawan Province, North, Department of Agriculture : From the first
study of Prof. Sooksan Suthipiboon and Mr.Rapeephat Pasbutr, 1982 is about 24 years old and
grow up to a height of 6 to 7 meters, total area approximates 5 rais (close to 1 hectare), distance
between the plant is 1x1 meter. They reported that Stul species had the best yield about 102 kg. Per
rai in the first year, 303 and 139 kg in the second and third year sequently. They found that the proper
manure was better than chemical fertilizer with average 500-1,000 kg. Per Rai. The pests against
plants were scale insects (plia-hoi), aphis (plia), mealy bugs (plia pang) and white/red mites (rai
kao/rai daeng). Twig cutting initially approximates 0.75-1.00 meter. They were satisfied the productive
results and the findings of the laboratory tests performed on a single cylinder diesel engines using
without any modification to the agriculture engines. With the assistance of The Bureau of National
Environment Committee for the engine and exhaust gas test. Unfortunately, the oil prices in that time
were not so high, the study was unworthy, and so the plants were forsaken for many years.

This site is responsible to The Department of Agriculture. Now, the director of this site, Mr.Surat Sai-
Ngam, is assigned to follow up and improving the plants. The cultivation can be managed
productively. The trees are increasingly able to yield improved harvest values. This site will assist
other experimental sites such as The Agriculture Professional Development and Promotion sector in
Chai-Nart Province.

2) The experimental site in Chai-Nart Province, between Central and north,

The Agricultural Machinery Promotion Center, Department of Agricultural Extension; Mr. Prasit Pho-
Yi: the site’s director, studied Jatropha cultivation, and plant breeding. He is well known for improving
the engine for oil extraction. At the present time he is distributing the seeds and cuttings to various
areas in order to examine the plants in different environments including comparing the yield of seeds
and oil. He has an old oil extractor, t value about 3,000 baht. He is able to extract oil to approximately
25 percent of seed weight. He concluded that 4 kg off seeds for 1 liter of oil and found the nitrogen 4.4
percent useful for making fertilizer.
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3) The experimental site in Pissanulok Province, Department of Agricultural Extension:
Mr.Ranyatos Yai-Tang: Has found that the oil extracted 35 percent with simple process of sun-dried
and sunlight oven then expelling with jackscrew, 4 kg of seeds for 1 liter of oil.

4) The experimental site in Nakhonpathom Province, Central, Kasetsart University, Kamphaengsaen
Campus: Dean of Agriculture Faculty;

Dr. Sombat Chinawong: The plants are nearly 2 years old; the first harvest was about 6-8 months
after cultivation and yield seeds between 800-1,200 kg. Per rai. In the case of less maintenance the
yield reduced to 300 kg Per Rai. Nowadays the dean and his student (advisee; Mr.Witoon Jai-
Phong) are studying on breeding and improving the seeds’ species. Mr.Witoon reports that all
expenses for farming and heavy equipments since September 2003-August 2004 is about 280,000
baht/hectare. Another site (2x2 m.distance), the expense per hectare, first year for soil preparing and
planting, maintenance and harvest estimate 43,600 baht, the second year 46,100 baht.

5) The experimental site in Cholburi Province, East, by Mr.Amnat Tummavit; Director of The
Agricultural Profession development and Promotion Center, Department of Agricultural Extension.
This site has the excellent nursing and propagation of Jatropha Curcas with the intensive comparison
study of seedling among several seeds from Stul, Nakhonsawan, Prae, Pathumthani, Mookdahan,
and American seeds. Especially most attention for pruning is to branch out for dissemination would be
considered from the first cutting at 75- 80 cm. Remain 50 cm of height.

Another site of seedlings is Kamphaengsaen, after 8 month their harvest between 700 — 800 kgs. /Rai
(3x2.5 m distance) and more productive in every 10 days. Additionally they are testing growth
improvement using gamma ray treated seeds 5 — 8.45 and 10 kg Radiation following the advice of
Prof. Sooksan Soothipiboon. With the results of the experimentation, the director intends to expand
the promotion and development to the farmers in the local area.

6) The farmers site of the Jatropha cultivation group in Tumbol Tha-pradu, Rayong province, East,
managed by Mr.Sukij Tungpibulvanich, a leader who has provided support for the seeds from the
Director of Agricultural Engineering Promotion Sector, Department of Agricultural Extension. He has
established a model Jatropha farm with intensive care and propagation. His site is full of plants with
productive yield. Adaptive to different conditions, fast growing in the drought-ravaged landscape. If
Thai farmers have the drive for taking care and following up on the plants cultivation, results will be
impressive.

The farmers’ impacts of invested cultivation

1. Irrigation and management system should be developed, to capacity; this is a main point in
development strategies for Thailand generally. Because some areas in the East, North and especially
northeast are lacking water and, also inadequate proper environmental management. The
management system consists of pruning, repellent, fertilizer, harvest, and propagation. The local
government should provide the water supply, irrigation system included improving
infrastructure.

2. Seed supply and knowledge extension service for Jatropha cultivation need cooperation between
community and local government inclusive of essential participation with systematic management.
Following government policies that promote alternative energy consistent with the national energy
strategy, Department of Agricultural Extension with Bank of Agriculture and Agricultural
Communities have topromote and support both capital (money, seed or cuttings, etc.) and the
knowledge of farm management.

3. In Thailand, Jatropha Curcas is a valuable commercial crop that fits with the natural conditions of
all area as well as national demand of fuel. If the farmers follow a routine of systematic farm
management, they can gain the higher yield from all varieties throughout the year. But, in practice,
there is usually inadequate insight into the Jatropha farming system causing the seed yield to be far
below expectation. Compounding the market supply for seed and by-products, the farmers focus on
the propagation. Selling the seeds and cuttings within their community or to other groups. From the
survey study, in the East and Northeast, thefarmers can obtain higher income from Jatropha than
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other crops (rice, cassava, sugarcane) but most of them are still fearful of not being able to sell
harvests to a known market.

Each farm area is often between 1-5 rai (less than 1 hectare) productivity and cultivation might not be
worth the expense. So some communities cooperate into the group or community enterprise which
could be helpful for collaboration very well such as the Jatropha planting group in Rayong and
Nakhonratchasima (korat).

In summary, the capacity improvement of irrigation and drainage system has played a sufficient role
in improving agricultural production, which has broadened impacts to sustain and develop living
standard of farmers in the local area. The developing plan could be the achievement by penetrating
the technical supportdeeply in all level of farmers in the local areas. From the sustainable
development forward to change to more commercial purpose could be done in the whole rural area
even if one has to spend a long period, from small to large scale. That is an indispensable tendency
of an opened market oriented economy from substantive energy like Jatropha oil. Internal market
simulation is a prerequisite for the development of Jatropha Curcas to Industry activities. There is little
value in promotion that does not deliver a complete end to end agriculture industry-market solution.

Social Impacts

e Social improvement presents the involvement in participation as a cooperatives or community
enterprise both of formal and informal group including the household cooperation for farming
management

¢ _The higher income could be added to existing revenues that contribute to improved quality of
lives. Especially if the Jatropha cultivation can spread widely to the whole rural area (grass
root people) the household improvement may affect the development of education,
communication and transportation

e _ Commercialization and modernization are important to develop rural areas when the higher
living standard increase the demand for farming, facilities, products and services such as
materials for construction, agricultural inputs, machinery and equipment, trade and transport
services as well as education, health supports. These demands will be the engine to impulse
the development of social and economic situations of local society. Therefore the agricultural
development plan should be a facilitative factor, which could find out the potentiality of local
communities and then make an intervention to promote and contribute their development
based on both the general tendency of the country/government strategic plan and the
strength of the area as well

o _With reference to the above regional statistics it is clear those social benefits from agricultural
success with impact most favorably upon children and female members of the family. There
seems to be little inclination for the formation of rural agricultural cooperative at this time. A
concerted effort with Jatropha Curcas may result in more cohesive group activities, especially
within the mothering and child welfare sectors

¢ Rural educated populations are in the minority. Schooling in the North West of Thailand is for
an average of 6 years while it would appear that many have not attended formal education.
Delivery of primary farm practice and crop management to market technology will be a great
asset. However; the forces of exploitation delivering miss information in search of short term
profit can be considered as being more efficient than the national governments education
services. As disclosed above; it should be exceptionally clear that good quality, safe
agricultural development for Jatropha Curcas demands improved government services. As
the results may be considered in terms of both Fuel and Food security and as an exceptional
boost to the industrial sectors it makes good logic to presume that this assistance can be a
primary feature of development policy.

Economic Impacts

Micro perspective:

A growing agricultural sector was able to generate capital to develop rural activities. Simultaneously,
the agricultural growth is an important mechanism to transform rural region, providing households with
more diversified sources of employment and incomes. Increased income, in return, can help reduce
migration from rural to urban areas. Agricultural sector of the local or rural area has been developed
based on the principle of increase of yield and profit per land area. The anticipative income and profit
from Jatropha cultivation are somewhat difficult to specify, depending on the management and
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environment. However, nowadays the farmers become alert very much to Jatropha cultivation
because it can grow rapidly in the dry area but the problems of insufficient maintenance cause the low
productivity in appear. In addition to insufficient educating about technical knowledge and systematic
management in practice cause the expansion of Jatropha cultivation become in progress slowly.

Macro perspective:
¢ The potential contributions of Bio Diesel as a transport fuel upon the importation of crude oil
and the balance of payments account
e The sustainability of producing Bio Diesel from Jatropha Curcas in Thailand with regard to
land utility competitive forces
¢ _ The employment creation potential and manufacture of additional products from Jatropha
Curcas

The above statistics (see reference file Annex 3) indicate clearly that there is sufficient land and
available labour to promote a comprehensive agricultural extension program in the North Easter
regions of Thailand and significantly in many other regions of the country. There appears to be very
weak community based agricultural activity throughout the North East of Thailand. This may be
indicative of the lack of long-term schooling across the regions and further related to the incidence of
high levels of female head of household status.

It would appear that the vast majority of families are headed by an own account breadwinner heavily
dependant upon the support of unpaid family members; whom may be either immature or have
reached full maturity. The over all indication is of highly independent family groups concerned with
substance rural livelihoods, perhaps with the support of one family member who is employed away
from home, possibly as a city based migrant worker. Services along the central highway routes, in
rural towns and cities are of good quality while one may observe that the availability of modern
services are by no means within the purchasing power of the majority. Services are highly focused
upon support of transport and central area retail groups. Less than one Km off any central highway
and outside town and city boundaries it is clear that the vast majority of families in the North East of
Thailand are marginalised subsistence populations. There is a good possibility that this population
can be encouraged to plant Jatropha Curcas.

However, it must be stressed that this population is trapped into requiring all socio-economic energy
to be focused upon the delivery of subsistence food security. Jatropha Curcas cannot be promoted as
a primary plantation crop, for this population, it must be seen as an “introduced” secondary crop
opportunity.

Under the best of circumstances, Jatropha Curcas’s agricultural extension can deliver improved socio
economic activity. Integrating the families into communities and allowing them to collaborate with
government to improve the utility of land use. Promoting the development of internal trade in seed
cuttings, seedlings and seeds will establish the notion of market value at grass roots levels. In very
few instances is it observable that many large plantation areas could become available to the majority
of the North East’s populations. There are many large land areas that are under the administration of
the government services that could be economically released to agricultural extension.

The gases emitted by petrol and diesel driven vehicles have an adverse effect on the environment
and human health. There is universal acceptance of the need for reducing such emissions. As a
responsible member of the global community, and also in Thailand’s socio-economic interests, the
kingdom must play an active role in exploring and adopting ways to reduce emission without affecting
the process of growth and development. One of the ways in which this can be achieved is through the
use of ethanol and bio diesel, blending them with motor spirit and diesel respectively. The SCOW has
taken note of the present glut of sugar in the market which in turn affects the livelihood of sugarcane
growers and landless labourers who depend on cultivation and processing of sugarcane. One way to
help resolve the problem is to promote production of ethanol direct from sugarcane juice and use of
biogases for generating electricity, in addition to production of ethanol from molasses.

The introduction of blending of 5% ethanol with motor spirit is, therefore, a step in the right direction
which simultaneously meets three objectives —
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Reducing emissions, reducing energy imports and improving the livelihood of farmers. The prospects
offered by bio diesel are equally attractive. It is technically feasible, as up to 20% of bio diesel has
been blended successfully with diesel for some years in a number of countries.

Thailand enjoys some special advantages in taking up the plantation of tree-borne oil seeds for
production of bio diesel, vast under-utilized or unutilised land, either fallow, barren, degraded or under
stocked, as in forests which are in drought prone areas or in the NE where lands have been degraded
extensively due to poor farm management activities or past military operations. Additionally such trees
can go along with traditional crop cultivation.

Through a consultation process involving farmers, NGOs, Automobile manufacturers, State
Governments and Central Government Department, it has been possible to identify Jatropha
Curcas as the most suitable Tree Borne Oilseed (TBO) for production of bio-diesel in view of
its ability to thrive under a variety of agro-climatic conditions, low gestation period and high
seed yield. However, it is to be stressed, with reference to failed Jatropha Curcas projects
(GTZ Cape Verdi and Mali) that development policy, physical farm practices and industrial
processing have to be managed in a coordinated manner. The formation of a Jatropha Curcas
Agro-Industrial Development Board that carries the weight of government for standards
setting, regulation and internal market protection/development as well as the focus on
CDM/UNFCCC obligation is highly recommended.

The capacity of Jatropha Curcas to rehabilitate degraded or dry lands, from which the poor mostly
derive their sustenance, by improving their water retention capacity, makes it an instrument for up-
gradation of land resources and especially for helping the poor. Thus, grown on a significant scale,
Jatropha Curcas can clean the air and green the country, add to the capital stock of the farmers, farm
communities and promote crop diversification; which is imperative to Thailand’s agriculture.

The chain of activities from raising nurseries, planting, maintaining, primary processing and oil
extraction is labour intensive likely to generate employment opportunities on a large scale, particularly
for the rural landless helping them to escape poverty. The SCOW has envisaged a mechanism for
networking each activity like plantation work, research related to the various aspects of bio diesel and
its use, technology development, quality control and marketing with appropriate institutions. The
responsibilities of every stake holder as well as a system for coordination at the Central, State and
field levels have also been clearly identified along with consideration for an entirely new industrial
platform designed to deliver added value from JCL biological residues. We trust that this report will
give a timely impetus to effort being made to move towards sustainable fuel security and alternative
industries in Thailand.

The capacity of Jatropha Curcas to rehabilitate degraded or dry lands, from which the poor mostly
derive their sustenance, by improving their water retention capacity, makes it an instrument for up-
gradation of land resources and especially for helping the poor. Thus, grown on a significant scale,
Jatropha Curcas can clean the air and green the country, add to the capital stock of the farmers, farm
communities and promote crop diversification; which is imperative to Thailand’s agriculture.

The chain of activities from raising nurseries, planting, maintaining, primary processing and oil
extraction is labour intensive likely to generate employment opportunities on a large scale, particularly
for the rural landless helping them to escape poverty. The SCOW has envisaged a mechanism for
networking each activity like plantation work, research related to the various aspects of bio diesel and
its use, technology development, quality control and marketing with appropriate institutions. The
responsibilities of every stake holder as well as a system for coordination at the Central, State and
field levels have also been clearly identified along with consideration for an entirely new industrial
platform designed to deliver added value from JCL biological residues. We trust that this report will
give a timely impetus to effort being made to move towards sustainable fuel security and alternative
industries in Thailand.

The capacity of Jatropha Curcas to rehabilitate degraded or dry lands, from which the poor mostly
derive their sustenance, by improving their water retention capacity, makes it an instrument for up-
gradation of land resources and especially for helping the poor. Thus, grown on a significant scale,
Jatropha Curcas can clean the air and green the country add to the capital stock of the farmers, farm
communities and promote crop diversification; which is imperative to Thailand’s agriculture.
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The chain of activities from raising nurseries, planting, maintaining, primary processing and oil
extraction is labour intensive likely to generate employment opportunities on a large scale, particularly
for the rural landless helping them to escape poverty. The SCOW has envisaged a mechanism for
networking each activity like plantation work, research related to the various aspects of bio diesel and
its use, technology development, quality control and marketing with appropriate institutions. The
responsibilities of every stake holder as well as a system for coordination at the Central, State and
field levels have also been clearly identified along with consideration for an entirely new industrial
platform designed to deliver added value from JCL biological residues. We trust that this report will
give a timely impetus to effort being made to move towards sustainable fuel security and alternative
industries in Thailand.

Ever increasing consumption of fossil fuel and petroleum products has been a matter of concern for
the country. Huge out-goings of foreign exchange on the one hand and increasing emissions causing
environmental hazards on the other. The General Public has concerns over the declining state of
environment and health. With domestic crude oil output negligible, the momentum of growth has
experienced a quantum jump since the 1990s when economic reforms were introduced paving the
way for a much higher rate of development leading the demand for oil to rise continually.

The situation offers a challenge as well as an opportunity to look for substitutes for fossil fuels
targeted to obtain both primary economic and environmental benefits to the Kingdom as well as many
social benefits for the general population. Ethanol is one such substitute that can be produced from
sugarcane and used in blend with gasoline for automobiles. Similarly, bio-diesel can be produced
from the oil-bearing seeds of many plants grown in the wild like Jatropha Curcas, and blended with
High Speed Diesel for transport vehicles, generators, railway engines, irrigation pumps, etc. Large
volumes of such oils can also substitute imported oil for making soap.

Methanol is produced in sugar-mills as a by-product and it can be converted to ethanol. Ethanol can
also be produced directly from sugarcane juice. On account of the continuing glut of sugar in the
world market, there is a strong case for producing ethanol directly from sugarcane juice. This will, on
the one hand, help farmers and labouers engaged in growing sugarcane resulting in the sustainability
of the source of their livelihood and substitute imported crude on the other. While the decision to
blend ethanol with petrol is a step in the right direction, the ratio should gradually be increased over a
period of time and extended to cover many parts of the country.

Similarly, oil extracted from seeds of plants like Jatropha Curcas and processed into bio-diesel could
be blended with petroleum diesel. Jatropha Curcas is a quick maturing plant species that starts
bearing fruits within a year of its planting. Following extraction and trans-esterification, the oil can be
blended with petroleum diesel for use.

Jatropha Curcas is a very hardy plant, which grows in a wide variety of agro-climatic conditions from
arid (200 mm of rainfall) to high rainfall areas and on lands with thin soil cover to good lands. Cattle
do not browse it so its plantation can be easily under taken in farmers’ fields and their boundaries,
under-stocked forests, public lands and denuded lands that are facing increasing degradation. Its
plantation, seed collection, oil extraction etc. will create employment opportunities for a large number
of people, particularly the rural agricultural populations, helping rehabilitate unproductive wasteland
saving precious foreign exchange by substituting imported crude oil.

Economic analysis

Botanical name: Jatropha Curcas

Family: Euphorbiaceae

Variety: Clones and Seedlings of D1 PDC Oil recovery above 54%
Spacing: 2m x 2m

Area: 1.00 Ha

Population: 2500 plants
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Cost of D1 Plantation style Cultivation for Jatropha Curcas

No Description | Il Il \Y \%
01 Cost of graft/seedling Bt 09 24,750 - - - -
inclusive damage 10% (2750 nos.)
02. Gap filling - 2,000 - - -
03  Alignment charges 2,000 - - - -
04  Opening of pits 12,500 - - - -
05  Filling of pits 5,000 - - - -
06 Planting 3,000 - - - -
07 FY Management. 7,500 7,500 7,500 7,500 7,500
08  Organic Fertilizer 12,500 17,500 22,500 25,500 25,500
09 Bio fertilizer 3,250 5,000 6,250 7,500 7,500
10  Plant protection 1,000 2,000 2,000 2,000 2,000
11 Stalking 1,000 - - - -
12 Training and pruning 2,500 4,000 5,000 5,000 5,000
Figure 3

This is not an illustration of least cost land development for Jatropha Curcas.

Approximately 12, 500Bt per Rai for establishing a harvest crop that will have a productive life in
excess of 30 years. The costs illustrated above are for the development of a commercial large sized
plantation. When development is brought down to a highly decentralised lowest land size value (one
Rai) under the immediate management of a family or community, agricultural development costs are a
fraction of the illustration above. The delivery of a packaged system for agricultural extension to be
executed by independent rural communities is by far the best method for delivering massive
agricultural extension opportunity and impacting positive upon rural poverty. Costs associated with
activities 2-7 are deferred, activities 8 and 9 may be attended to from the production of local fertilizers,
and costs for 11 and 12 are deferred.

The cost for establishing one Rai of Jatropha Curcas may be as low as 4,500 Bt. While
maintenance per Rai may be as low as 1,000 Bt. Over the first three years of cultivation and
good management one Rai of Jatropha (pre mature harvest levels) will produce more than one
ton of quality seed. This should be used to continue the propagation program. This process
will lead to the establishing a known market price for seeds long before capital intensive
activities related to industry are concerned to purchase harvest values.

From the process of investigation and research into the first part of the scope of works it is evident
that the current situation analysis (Jatropha Curcas) indicates a high degree of demand for
collaboration. This is not a reflection upon the many examples of progressive comment or activity
related to Jatropha Curcas’s potential to contribute to a Bio Diesel solution but, a considered opinion.
Establishing a comprehensive development strategy for Jatropha Curcas to Bio Diesel (“in fact the
creation of a whole new agricultural-industrial commercial sector of the economy”) requires the
formation of a strategic entity possessed of legitimate office supported by government, academic and
commercial parties.

It is a considered opinion that the magnitude of the project under consideration demands the
establishing of a “ Jatropha Curcas” Agricultural-Industrial Development Board.

At this moment in time there is an immense amount of “un-focused” activity, in all sectors, seeking to
participate with development for Jatropha Curcas. A great deal of the interest is well informed and
aware of the implications for Agriculture, Bio Technical services, General Industry, Land utility,
Investment and Socio-Economic impact as well as the over arching considerations for both “Fuel
Security & Food Security” in Thailand. However; it is fair to say that there are also ill informed
participants with Jatropha Curcas possessed of scant consideration or concern for the above.
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Without doubt, if Jatropha Curcas agriculture is going to contribute to the national Fuel and Food
security, many cross-departmental and multi industrial sectors are going to have to become involved
professionally.

There will be issues of regulation, licensing and fiscal policy to address along with an over view of
both internal and external investor considerations. Within the regions of Thailand, possessed of
suitable land, there will need to be a coordinated strategy for propagation, harvest values along with
general agro extension services from start to finished product.

The nature of Jatropha Curcas, as a commercial crop, indicates that the best method of contribution
will be through “decentralised” processing to bio diesel and, that there will be a prime requirement to
develop comprehensive industrial ( Bio Technical) practices to manage biological residues into
“added value” products. One should keep in mind that the professional production of one litre of Bio
Diesel also results in the production of (approximately) two kilos of Biological Residue. This residue is
possessed of value that must be maximised in order to add full feasibility to the production of Bio
Diesel. D1’s farm practice manual is focused upon extending the value of Jatropha Curcas Agriculture
so that the product range derived from agricultural activity has the maximum positive impact upon
rural population livelihood.

If we consider that Jatropha Curcas agriculture could deliver a 10% contribution to the national diesel
account (perhaps much more) by 2011-12 we must also consider the magnitude of industry
associated with this and the importance that JCL agricultural activity will have for the Kingdom. With
this in mind, we should predict that the government will seek to regulate the process at all levels
ensuring that activities do lend full and fair contribution for all parties. Agricultural practices related to
Jatropha Curcas require to be well established and regulated so that government administration of the
harvest values is maintained efficiently for the benefit of all sectors of the economy. Only by
incorporating a board of authority can a collaborative strategic approach be maintained.

Farmers Government Investors
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Jatropha Curcas Agricultural-Industrial Economic Development Zone
Khon Kaen province (Plantation Model)

Following an intensive field trip and evaluation of this region, inclusive of
exceptionally proactive meetings with the regional administration it is clear that
opportunity to integrate with the Government of Thailand exists. With Agricultural
(Energy Crop) and Bio Fuel investments, the maximum allowed FDI incentives are
available. A disused US American Military Airbase some 35 Km out of KK offers an
exceptional opportunity to develop a comprehensive Jatropha Curcas Agro-
Industrial Complex. The area is possessed of comprehensive infrastructure and
supply of all services. The growing land areas exceed 25 Sq Km in an area of
some 100Sq Km.

The area is under the administration of the Royal Thailand Air Force. The military
of Thailand has a direct mandate to facilitate large commercial enterprise
development. The production of a complete end-to-end Agricultural and Industrial
operation in this location could be arranged with the Ministry of Defence.

Producing Bio Diesel for the Military services according to agreed regulation and
standards cementing the operators as the logical partner of the Government of
Thailand as an integral part of the national “fuel” security policy. Reference to the
Government of Thailand’s budgets for Bio Diesel support would indicate that the
government would be in a position to afford the cost of developing this zone using
with established international partners as DBO partners.

The KhonKaen region affords the location logic to effect the development of
multiple large plantations to fuel economic development zones and feed into the W-E and NS
emerging economic corridors. Decentralised Bio Diesel production to market along the corridors
allows for least cost direct market entry (sales) for Bio Diesel. We estimated that up to 200 D120’s
could operate in the Nw-Region, producing 1,606,000,000 Billion Litres of bio Diesel per annum. This
is 5% of the calculated National requirement. However; available land values and improved D1 Bio
Diesel operations plant could more than treble this estimation.

Decentralised Bio Diesel production is the only feasible method to afford short chain delivery
of stock to the refineries and short chain access to market for the fuel and Bio Mass products.
Generally, the process also ensures that the primary economic benefits are rooted in the rural
areas of the country.

In the case of Jatropha Curcas we have two additional considerations. (a) The Biological residues
from Bio Diesel production have to be managed technically in order to achieve detoxification at a
primary process stage. (b) A fully approved and regulated cultivation to harvest process procedure
allows for the government of Thailand to be a joint sponsor of the Clean Development Mechanism,
this opens the floodgates for Carbon Credit allocations under UNFCCC. Verification, Certification and
Standardisation are the necessary platforms of activity to archive this opportunity A number of
international companies have invested heavily in the promotion of decentralised Bio Fuel from
Jatropha Curcas and into the related activities. It is clear that Thailand can be an ANCHOR host
country for in S-Asia, setting standards and leading the way forward throughout the region. This
cannot happen over night. The commercial interests observed this past 8 months have no
consideration for the “complete” process of cultivation to product distribution or internal market
development. There is absolutely no feasibility (in S-Asia) for centralised plant development for
processing, not for Jatropha or Palm SVO. Biological residues (dry weigh) need to be compressed
and transported for centralised processing into Jatropha Curcas products.

Again, consideration for regulation must be a feature of the process. It will not be possible to use
simple Jatropha Seed oil pressing techniques and leave toxic residues to one side. All parts of the
harvest value will have to be attended to and this is best achieved by the use of appropriate
technology.

From the above one may appreciate the complexity associated with a comprehensive national policy
on Jatropha Curcas cultivation to product values. The setting up of an administrative board will be
crucial for success in terms of agricultural and industrial activity as well as CDM/UNFCCC
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compliance. Only Dr Clive Richardson has an integrated approach to the management of the
agriculture and industry and in the case of Thailand it is his role to generate a compressive strategic
approach in sync with the government department for alternative energy so that targets are met for
fuel security while food security is not in placed at risk. The addition of CDM/UNFCCC considerations
linked to Carbon Credits is of national importance while being possessed of international significance
on numerous levels.

There are several essential industrial items that must be included in any agricultural-industrial
program:
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. Refinery BDT 22,000 Litre/day unit plus associated filtering and blending plant (Annex 5)
. Above ground storage tanks. Sufficient capacity to hold pre-process, processed and buffer

stocks. Estimate for minimum capacity of 66,000 Litres

. 140 Ton/day capacity high quality oil extruder/cake press assembly (Annex 6)

. Seed cake processing plant

. Fertilizer-Bio Organic Materials processing

. Product primary packaging plant

. Latex primary processing/packaging plant

. Associated storage buildings. (Covered and uncovered areas) Required to consider storage

and handling capacities in excess of 500 Tons to accommodate throughput on site

. Fermentation/Baggas Plant

. Standby Generators

. Bio Diesel Tanker trailer rigs

. Related manufacturing, storage, packaging and processing plant and materials

. Transport. A complete demonstration model requires systematic professional estate

management. This requires multiple transport considerations, for materials, people and
product. 70 Tons of Seed are required (minimum) to feed one Refinery a fleet of small trucks
(Bio Diesel) would provide the versatility on an estate to provide the minimum of 140 (500kg)
deliveries to plant/day. (http://www.megavans.co.uk/home.htm ). A basic fleet of 14
operational vehicles would suggest a need to have up to 20 Vehicles per complete plantation
to ensure full collection cover, maintenance down time and general R & R

. Across an 8,000 H /a plantation, there is a need to provide for employee/farm worker

transport requirements. As a base line calculation one should consider that each H/a of land
requires two full time persons per annum for, collection of harvest values, bee keeping, tree
pruning and general activities. At full operational activity harvest values are being processed
at two continuous levels

. Seed to Bio-Diesel —Collections from 140 Rai of land/day
. Latex collections 20 grams/tree across 8,000 H/a
. Bee keeping activities Depending on how estates are established, we may assume that the

above activities will mean that there is a need to consider substantial employee/contract
labourer/Transport. Up 16,000 General orkers/contractors per day and an additional direct
management and employee service personnel. + 80 people. NB. The amount of H/a for
harvest per day is assumed against split shift working system. Certainly there is a need to
consider in-house management of estate activities supported by Comprehensive contract
labour or out growing regions. It is reasonable to assume that all vehicles used on the estate
will be Bio Diesel

. Bio Residue processing, storage, packaging and logistics require considerably more attention

than currently given to the feasibility of Jatropha Curcas Agriculture and Industry. The process
of manufacturing Bio Diesel from Jatropha Curcas produces twice the amount of Bio Residue
than fuel fluid. In the instance of a complete zone we are discussing the need to process to
competed products 18,250 Tons of Jatropha residue from Seed pressing and a further 11,680
tons of latex. Total 30,000 Tons of Jatropha Curcas Bio Logical residue /annum. The value of
this material exceeds the value of Bio Diesel

. Growth Medium, Bio Logical Plant Protection and Plant Promotion Products from Jatropha

Curcas.Advanced medical science has shown that the latex from Jatropha Curcas is
possessed of anti-malarial properties. While extracts from the seed cake can be used to cure
FMD in domestic stock animals

. Many uses are known yet none commercially developed for Jatropha Curcas Harvest values.

D1 has an opportunity to establish the first holistic agro-industry for Jatropha Curcas

. As a general comment much more work has to be done in terms of obtaining an “added

value” statement for Jatropha Curcas harvest values. Bio Diesel is a lead product with instant
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impact upon many issues. However; the values that may be extracted from the
comprehensive management of Jatropha Curcas harvest values are most likely to over
shadow the income derived from Bio Diesel.

Evaluating Bio diesel as a Value -added Opportunity

Market Considerations

Several market segments for bio diesel are currently developing. Farmers have been among the first
to embrace bio diesel. Producer commodity organizations and cooperatives have promoted the use of
bio diesel blends in farm trucks and power equipment. In Chiangmai a number of rural fuel retailers
now offer lower blends (B5).

Marine engines are also a developing market segment. Bio diesel is biodegradable in a relatively
short time period and has been shown to be much less harmful to fish than petroleum diesel. The
danger to marine life arising from accidental fuel spills from watercraft is significantly reduced as a
result. Even the midrange bio diesel blends appear to increase the rate of which spilled petroleum
degrades in marine applications. The Thai Navy has an active Bio Diesel program.

Metropolitan Public Transit buses and school buses are both significant users of diesel fuel and
represent a market segment for bio diesel blends. The desire to meet clean air standards and reduce
carbon monoxide, hydrocarbon and particulate emissions from buses had led metro areas in many
parts of the country to consider and experiment with bio diesel blends. Large fleet operators and
building contractors (including the fleets operated by some Thai government agencies) are also a
significant potential market segment.

Off road, diesel engines of various kinds are also a potentially significant market segment. Bulldozers,
cranes and other heavy construction equipment are heavy users of diesel fuel. The segment also
includes stationary engines used for pumping, emergency power generators and other varied
applications. Cleaner fuels can greatly reduce the particulates and other aspects of air quality in the
immediate area where these engines are located.

In summary, the market for bio diesel is by no means fully developed yet, but it has shown excellent
growth over the past several years. The market consists of a number of segments and demand
growth appears to be occurring in most of them. Those considering bio diesel production need to
monitor these segments and the regulatory framework surrounding them as they conduct feasibility
analysis and establish their business plans.

Manufacturing Processes and Technology Considerations

Bio diesel can be made using different chemical processes. The most common is a methyl ester
process that uses methanol along with an oil feedstock and sodium hydroxide as reactants. Most, if
not all, existing commercial bio diesel plants use the methyl ester process. It has been tested and
proven to be practical on a commercial scale.

Bio diesel can also be made using ethanol, oil feedstock, and an inert catalyst to create what has
been called “ethyl bio diesel.” Advantages sometimes cited for ethyl bio diesel include: (1) the process
does not require an alkali reagent such as sodium hydroxide (lye) and (2) it is a one-step reaction that
takes place at room temperature without additional heat. Its disadvantages include sensitivity to
water, which can cause quality problems in handling and the relatively high production cost per unit.
Currently the ethanol process for producing bio diesel must be viewed as a higher risk alternative to
the more established methyl ester process. At its present stage of development, the higher operating
costs and potential quality problems are likely to be a serious drawback to the ethanol process. The
final product must compete with methyl ester in the market. Significantly higher production costs could
make it difficult to compete effectively.

A second major technology question is whether to build a batch or a continuous flow bio diesel plant.
Most plants currently in operation are batch plants producing discrete “runs” of product. These plants
typically vent unused methanol into the air and do not recapture unused catalysts.

This increases operating cost. Processing in discrete runs can, at times, create quality and uniformity
differences in the final bio diesel product. However, batch plants have the advantages of being
feasible on a smaller scale, the design has been proven to work and there are manufacturers with
components readily available.
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Continuous flow plants are not nearly as common. Some claim the continuous flow plants have
several important operating cost advantages over batch plants. It is possible to reuse excess
methanol that has not become part of the bio diesel and it is possible to reuse the catalysts. Both are
typically lost in the batch plants.

Claims are also made that continuous flow plants are able to deliver larger quantities of higher quality
and more consistent methyl ester product.

The major drawback to the continuous flow process appears to be the higher initial investment
required. The continuous flow process generally requires a larger-scale plant (10 million gallon per
year or more), thus the initial capital outlay to build a continuous flow plant is generally higher. It can
be a problem for smaller startup groups to raise the capital required for the large-scale continuous
flow plants, not least as finance is shy to promote operations with inherent inefficiencies.

When evaluating technology and process alternatives, groups are often constrained by the amount of
initial capital that can be raised. Nevertheless, it is important to consider not only the capital costs of
building the plant, but the operating costs the plant will face once it is up and running. Steering
committees and their consultants typically focus more attention on evaluating the initial capital outlays
required to build the plant. The focus on initial capital outlay is understandable since this is the first
hurdle that must be cleared in developing the enterprise.

However, the longer run success of the venture is frequently more dependent on the day-in-day-out
operating performance than on the size of the initial capital outlay. Low quality, variability in output
quality, poor input-output yield, or high operating costs can cause the venture to under-perform or fail
going forward. These factors need to be carefully considered before making a final decision on the
kinds of technologies and processes that will be used. The executive of Thailand has expressed a
direct desire to establish decentralised Bio Diesel production facilities. Meeting the Planning
Commission’s bio diesel mission targets would require planting 4 million hectares with Jatropha to
produce 4.7-5 million tonnes of bio diesel a year. Thailand has an estimated 9 million hectares of
degraded and/or marginal land on which the trees could be grown.

Industrial/lCommercial Development:

There are numerous economic models that may add value within the rural communities of Thailand.
However; this review is concerned with meeting the Royal Kingdom of Thailand’s 2011/12 National
Energy “Target” Policies related to the development of the agriculture to industry and market
delivery of Bio Diesel directly to the transport sector. There can be no doubt that a systematic,
decentralised Bio Diesel manufacturing to market delivery system is possessed of the most economic
and socially viable credentials.

Demand for Bio Diesel will be the lead driver on agricultural harvest values. Decentralized production
and direct delivery to market of international standard quality product is the least cost most
economically viable methodology. It provides for direct sustainable economic impact upon rural
agricultural activity and may be engineered to deliver maximum efficient use of harvest values, add to
local area fiscal policy and deliver the maximum potential for added value opportunities related to the
Biological residues derived from the processes of extraction and extrusion. Additionally an engineered
process will have the greatest synergy with the existing commercial platforms for transport fuel
delivery to market and meet with international safety standards.

The handling of Jatropha Curcas biological residues and the continuous production of Bio Diesel
demand that environmental and social welfare are given high priority. In addition it is reasonable to
assume that the fiscal policies of government require to be attended to correctly at both local and
national levels.

Consideration for meeting international standards for the manufacture and distribution of Bio Diesel is
paramount to technical research and the development processes. The Prime Ministers directives on
the issue of refinery, processing technology and market delivery systems ass well as the need to
establish added value processing and manufacturing systems for the commercialisation of all
biological residue derived from Jatropha Curcas harvest values; is timely, whilst being a reminder of
the magnitude of the over all strategy for Bio Fuel throughout the Kingdom.
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Primary agricultural extension and the pattern of Jatropha Curcas density will play a determining role
for the location of decentralised agriculture to market zones. The directive is that each district will
have a decentralised refinery to market process. To meet the government’s fuel transport targets it is
estimated that between 300 and 600 decentralised agriculture to market zones will be required.
Mindful of the logic associated with this development policy, paying careful attention to the multiple
impacts of the disclosed development objectives, not least the costs for providing comprehensive
services that promote the sustainability of agriculture and deliver on the national targets for fuel
security; one may be convinced that the Royal Kingdom of Thailand’s Fuel Security considerations
will be adopted by the immediate bordering ASEAN country regions, specifically in Laos, Cambodia,
Myanmar, and Vietnam as proactive long term responses to changes in the fuel transport markets.

JATROPHA CURCAS HARVEST TO BIO DIESEL ZONES.

This study has engaged with extensive research and development focused upon the complete
agriculture to industry and commercialisation of Jatropha Curcas harvest values. Promoting the use of
Jatropha Curcas for economic, social, agricultural, environmental and, land reclamation
considerations from a holistic sustainable resource management and logical appraisal of the need to
meet national fuel security considerations and support the principles of the Kyoto Protocols Clean
Development Mechanism.

The Royal Kingdom of Thailand has welcomed the research and development interest in a most
proactive manner. The UK Government Department of Trade and Industry has embraced and
supported a collaborative Scope of Works that has added value to the policy directives of the
Kingdom of Thailand.

In order to deliver maximum economic, commercial and social value Jatropha curcas to Bio Diesel
policy must seek to integrate fully with the governments agricultural and energy policies and deliver
the maximum value for agriculture to market opportunities in accordance with the directives of the
executive of Thailand.

This proposal will involve comprehensive local manufacturing, commercial market
relationship/partnership development and finance arrangements that suit the overall demand for
positive economic values and socially responsible policies.

Thailand is possessed of the potential to accommodate (Design, Build Operate and Transfer) up to
600 Jatropha Curcas Agriculture to Market Micro Economic Development Zones related to the
agricultural demographic build up and strategic policy of the government for a comprehensive
decentralized national fuel security program. It is likely that that the proactive policies of the Kingdom
of Thailand’s Government will be adopted throughout the ASEAN regions, and that this will
encourage, the development of Jatropha Curcas Agriculture to Market MEDZ’s which could number
more than 2000 in the course of time. Providing excellent rural economic impacts and delivering high
value fuel security for the regions.

Micro Economic Zones will include technical high quality manufacturing to market systems that allow

for maximum values to be derived from Jatropha Curcas harvest values.

. Primary seed collection and storage facilities

. Oil Extraction and Seed Cake Extrusion equipment

. Complete Bio Diesel manufacturing and extract recovery systems

. Direct Bio Diesel to Market and security coded product to market delivery systems, inclusive
of certified government revenue management and fiscal policy support management

. Biological residue collection and storage for upstream complex commercial beneficiation
processing. (New centralised zone for management of seed cake into various market
commodities).

YV V VYV

Y

The estimated costs for deliver of DBOT, JC-MEDZ'’s can be considered high when applied to the
current international values ascribed to petroleum refinery, storage and handling costs.

However, it is clear that promoting up to 600 JC-MEDZ'’s in Thailand and perhaps a total of 2000
zones in the ASEAN region dictates that technology and manufacturing capability must be transferred
into the region which will allow for full integration of local manufacturing alongside an economy of
scale. A survey of Thailand’s industrial capabilities indicates that there is the potential to develop the
vast majority of capital equipment required (under strict supervision and international standards
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criteria) in order to deliver excellent JC-MEDZ'’s of the calibre required to satisfy the economic and
social parameters envisaged.

Collaboration and synergy of work will result in excellent service delivery, a recommendation for
international partnerships that articulate a comprehensive delivery of technical expertise,
management and finance into this ambitious program establishing both agricultural extension and the
means for ensuring fuel security to the best socio economic and environmental advantage of the
Kingdom of Thailand and related ASEAN regions would be the most practical methodology for
obtaining delivery. The Kingdom of Thailand’s national Government has set standards and outlined
the opportunities that will stimulate complimentary policy for the ASEAN region. The Economic
impact of the “Jatropha Curcas to Bio Diesel and Fuel Security Policy”.

Jatropha CL - micro & macro economic advantages

The potential benefits of EDZ installations, running on locally produced ecologically sound fuel are
clear. The process is CO2 neutral. The money paid for the fuel goes straight to the local people who
grow the seed, rather than leaving the district, and then into the country to off-set expensive fossil fuel
imports. Studies show that around half the cost of operating a typical platform will go to pay for fuel,
so the effects on the village economy of using this locally produced fuel can be dramatic.

Factors that favour CDM implementation for Plantations

The first phase of CDM until the year 2012 is open to reforestation and afforestation projects in
developing countries as defined in the CDM guidelines and modalities and procedures finalized at
COP 9 for such projects. The main criteria to be met by projects include meeting benchmarks of
additionality (i.e. on top of business as usual scenario), permanence of emission reductions achieved
and no leakage (i.e. ensuring that emissions achieved at one location are not emitted elsewhere).
“Small-scale afforestation and reforestation project activities under the CDM” are those that are
expected to result in net anthropogenic greenhouse gas removals by sinks of less than 8 kilo tonnes
of CO2 per year and are developed or implemented by lowincome Communities and individuals as
determined by the host Party. If a small-scale afforestation or reforestation project activity under the
CDM results in net anthropogenic greenhouse gas removals by sinks greater than 8 kilo tonnes of
CO2 per year, the excess removals will not be eligible for the issuance of tCERs or ICERSs”.

The key features as per definition are that projects should sequester up to 8 kilo tonnes of carbon
annually and are implemented by low income communities. There is scope for bundling of projects of
similar nature so that cumulatively the units sequester up to 8 kilo tonnes of carbon. Larger areas
would have to be subdivided into two or more projects, each less than 8Kt per year, resulting in raised
transaction costs. Assuming an average productivity of 5 t/ha the area required for small scale CDM
projects would range between 250 to 400 ha depending on species and plant density. The biomass
energy plantations for

Renewables under A & R could be a huge potential under CDM and other mitigation options. The
provision of issuance of temporary carbon emission reductions for the duration of the project activity is
a positive move that will favour the short rotation energy plantations.

Poverty Alleviation

Jatropha represents considerable potential as a reforestation species in degraded forest areas. The
yields expected would be close to 1t/ha or 250 litres of oil per ha. At a price of Bt. 5 /kg of seed even 1
ton of seeds/ha represents Bt. 5000 income for the communities. If the Plantations are brought under
reforestation projects supported by CDM there is potential for farmers and low income communities to
gain early returns from the carbon mitigation in tree biomass. The biomass in Jatropha plantations is
not well researched but up to 10 kg/tree has been reported in calcareous saline soils in India at 2
years of age (Dagar and Tomar 2001).

Even at 50% survival biomass vegetation of 8 tons per ha can be expected. Early returns to the
communities during the growth phase will help to ensure that there is additional incentive in the early
years so that investment made into Jatropha planting does pay.
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The orchard plantations of Jatropha Curcas need to be encouraged in the first phase, on public lands.
Gradually private farmers and co-operatives can be integrated in the National Mission on Jatropha
Curcas agriculture to Industry, inclusive of bio diesel production. The national mission will assist to
improve degraded land resources in forest areas and income to 1.9 million poor families at 4 families
per ha.

Existing Institutional Mechanisms require strengthening in order to deliver both a comprehensive
Agriculture to Bio Diesel strategy and a collaborative CDM UNFCCC program

Proclaimed policy
The Thailand administration is able to ensure that all institutions actively involved in planting
programmes can be the implementing agencies for projects under Articles 12 of the Kyoto protocol.

Sound commitment from Government towards CDM

As discussed in earlier sections the government policies encourage projects that help in mitigation of
carbon emissions. The Government of Thailand has nominated a CDM office as the nodal agency
and the National Designated Authority for CDM is already notified. There is a great need and desire to
move the Thailand CDM office into getting projects submitted to the UNFCCC CDM Executive Board,
a successful submission of an A & R project is keenly awaited.

Bio diesel Emissions Compared to Conventional Diesel

Emissions B100 B20; A 20% blend of diesel with bio diesel

Total Unburned Hydrocarbons -93% -
30%

. _ 0 -
Carbon Monoxide 50% 20%

. _ 0 -
Particulate Matter 30% 229
Nox +13% +2%

Life-Cycle Emissions
Carbon Dioxide (LCA)

With a 20% blended HSD the emissions that can be mitigated through use of bio diesel through
planting on 4 million H/a by the year 2011-12 as envisaged in the project are as below:

(@)

Expected annual oil production through planting 4 million H/a is 64 million metric tons of oil. The CO2
emissions from use of normal high speed diesel are 43.5 kg /ton in the transport sector. Even at a
conservative estimate of a 2/3rd reduction in CO2, as per lifecycle analysis, the reductions that can be
achieved would approximately be 19 million tonnes of CO2. The emissions from use of an equivalent
amount of HSD would be 28.26 million tonnes of CO2.

(b)

Additionally carbon is also sequestered in the plant biomass at an estimated rate of 8 t/ha/y under
high density plantations. If 50% of the biomass is carbon mitigation at the rate of 4t/ha from age 2
onwards can be expected. Emissions of other gases such as carbon monoxide (50%), hydrocarbons
(90%) and particulate matter dust (30%) are also reduced leading to an improved environment.
Other estimates of carbon abatement indicate reductions of up to 10 tC H/a. The potential for carbon
abatement is thus high from the plantations and the production of bio diesel. (+48 Million Tons)
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Conclusion: CDM and Bio energy Plantations

At the outset, the Kyoto protocol appears to promote the creation of carbon sinks only through
afforestation and reforestation, as carbon in the tree biomass and soils. There is no direct reference to
using trees and other biomass as an energy source in place of carbon dioxide-emitting fossil fuels.
The substitution of wood products for products that are manufactured through energy intensive
processes finds a mention in the several review articles and research papers. Most researchers have
argued in favour of biomass energy on the basis of:

1. Biomass energy being carbon neutral

2. Biomass energy being an economic way of reducing CO2 emissions compared too other options.
The presumption being that biomass is sustainable providing social, financial and environmental
benefits to the communities and the country.

The provisions in the small-scale modalities and procedures for land based CDM projects adopt the
approach of producing biomass through the involvement of low-income communities, with the
underlying objective that financial and environmental benefits accrue to the communities. Thus,
substituting biomass for fossil fuels by establishing bio energy type plantations within the framework
of CDM has clear advantages over using it solely as a means to sequester carbon.

It has been shown that India is capable of producing biomass sustainably. In addition, rural
communities gain jobs rather than removing land from productive use to sequester carbon. Thus,
there are numerous environmental and social advantages to growing and producing biomass energy.
From a carbon mitigation perspective, trees as carbon sinks alone cease to provide additional carbon
mitigation on attaining maturity.

However, when growing biomass with defined, short rotations and using it as a source of fuel, income
is generated continuously from harvests, thereby creating local jobs and other benefits.

The challenge however that is the renewable energies should have lower costs of production
compared to other forms of fuel so that they can compete nationally and internationally. For this one
of the essentials is that productivity of bio energy plantations be increased from the present
production rate of 15 to 25 t/ha-yr through technological inputs. This will also ensure increased
removal of carbon from the atmosphere in standing biomass.

As the raw material for bioenergy/biofuels is land based, some kind of land tenure security is essential
if production is to be augmented and sustained in rural economies. The incentives for dedicating the
land to biomass production will have to outweigh those for alternative uses for private
farmers/cultivators.

Naturally, where mature forests exist they should be conserved as both carbon sinks and repositories
of biodiversity. In addition, biomass plantations (most likely on excess arable and degraded land)
must follow ecological guidelines to improve above- and below-ground biodiversity in addition to their
usefulness as carbon sinks. Balancing the short- and long-term carbon and income benefits of these
two approaches (substitution and sequestration) on a given piece of land depends on numerous
factors such as yield and rotation length. What is the potential role of biomass energy as far as
Articles 6 and 12 of the Kyoto Protocols (which deal with carbon credits and projects between
countries) are concerned?

Obviously, it is considerable if the predictions by the Intergovernmental Panel on Climate Change,
Shell Oil Corporation, the United Nations Conference on Environment and Development, the
International Energy Agency, and others are to be believed - that after 2020 biomass and some
other renewable energies will be the major players in all new energy supplies.
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However, there is also every reason to believe that biomass could substantially substitute for fossil
fuels before then (as is already happening in a number of countries around the world, particularly with
higher oil prices) and thereby reduce carbon dioxide emissions both nationally and globally.
Therefore, biomass should be a component of any clean development mechanism or joint
implementation project - provided that verifiable and transparent monitoring is undertaken and that
local people benefit from such land use projects.

Thailand has signed the Kyoto Protocol and with bioenergy/biofuels being an instrument of clean
development mechanism, Thailand can profitably trade carbon savings with developed Countries
through accrual of carbon credits, quite apart from not emitting carbon into the atmosphere.

There is some risk that carbon prices will fluctuate. The prices are expected to steady now that the
Protocol has been ratified. Thailand, will have to rely on its in-house mechanisms to streamline and
develop synergy between bio energy and CDM as neither major change in pricing policy nor
international assistance to focus GHG abatement to include bio energies is expected in the short
term. The point for policymakers is that although trees and other forms of biomass can act as carbon
sinks at maturity (or at their optimum growth rate) they must be used as a source of fuel (or as long-
lived timber products). Faster recycling of biomass for bio energy generation is more advantageous
than maintaining the resource for long time periods.

For realising the full potential of bioenergy/biofuels, as envisaged by the government of Thailand
programs, the CDM provides a very important platform which can be used to launch the bio energy
plantation program with rural communities for the sustainable development and economic
advancement of the people. Clear-cut national policies need to be in place for the Operationalization
of the CDM in the land use sector.

ANNEX 1
GENERAL BACKGROUND THAILAND

Thailand's economy has slowed over the past year, but real GDP growth is still forecast at a
reasonably strong 5.7% for 2005, down from 6.3% in 2004. During 2004, slower growth in Thai
exports was partially offset by a strong year in the tourism sector. Real GDP growth for 2005 is
projected at 5.7%. Longer-term annual growth rates are projected in the range of 5%-6%. The Thai
economy is burdened by a relatively weak banking sector with a high proportion of non-performing
loans. Delays in the restructuring of corporate debt also have been worrisome enough to prompt
warnings from the International Monetary Fund (IMF) and international credit rating analysts. Any
worldwide economic downturn could rapidly affect Thailand due to these structural weaknesses.
Thailand’s energy sector is undergoing a period of restructuring and privatization. The Thai electric
utility and Petroleum industries, which historically have been state controlled monopolies, are
currently being restructured. The impacts of the Tsunami in December 2004 cannot be fully factored
into calculations. Tourism trade has suffered quite dramatically in 2005 while the exponential rise in
crude oil costs shows no indication of abating. Most recent predictions show the economy shrinking
down to below 4.8% by the end of 2005.

OIL

Thailand contains 583 million barrels of proven oil reserves. In 2003, Thailand produced 259,000
barrels per day (bbl/d) of oil, an increase of about 49,000 bbl/d from the previous year. Of that
production, only about 96,000 bbl/d was crude oil. Most of the remainder was natural gas liquids
(NLG’s) and lease condensate. Oil consumption in 2003 was 851,000 bbl/d, up from 843,000 bbl/d in
2002. Demand growth in Thailand has slowed somewhat since 2002, largely because of increasing
substitution of natural gas in electricity generation and increased use of ethanol in motor fuels.
Demand for fuel is predicted to rise by 5.8% per annum 2005-2012 on average.

Demand for oil in 2005 is expected to drop to 848,000bbl/d.

The oil industry in Thailand is dominated by PTT, formerly the Petroleum Authority of Thailand. PTT
Exploration and Production (PTTEP) is the main upstream subsidiary of PTT. Thai Oil, the country's
largest refiner, is also controlled by PTT. The company underwent a partial privatization in November
2001, in which 32% of its equity was sold through the Bangkok Stock Exchange. The Thai
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government still owns a 68% stake in PTT, and does not plan to sell its controlling interest in the near
future. Currently PTT is operated under executive administration by the treasury.

Despite the industry's financial problems, there have been a number of significant recent Thai oil
discoveries, most notably offshore in the Gulf of Thailand .ChevronTexaco is investing heavily in
developing Block B8/32 in the Gulf of Thailand . ChevronTexaco also reported a new find in July 2004
in Block G4/43, which is adjacent to B8/32. Unocal also is investing in offshore oilfield development,
and reported a significant new find in October 2000. Unocal announced in September 2003 that new
investments in developing its offshore fields in the Gulf of Thailand should double current production,
reaching 40,000 bbl/d by mid-2005. Seven new exploration blocks, including both onshore and
offshore acreage, were awarded in May 2003 as a result of the most recent licensing round.
Companies receiving exploration rights included ChevronTexaco and China’s CNPC. Thai oil industry
business is vibrant, the focus of international investor organisations in the ASEAN regions because of
the multi national role that Thailand plays throughout the regions.

Refining/Downstream

Thailand has four oil refineries, with a combined capacity of 703,100 bbl/d. The three main refineries
are Shell Co. Of Thailand Ltd. (275,000 bbl/d) located in Rayong, Thai Oil Co. Ltd., in Sriracha
(192,850 bbl/d), and Esso Standard Thailand Ltd. (173,500 bbl/d), also located in Sriracha. The Thai
government has been discussing a proposal to attempt to turn the country into a regional processing
and transportation hub for the oil industry. One possibility would be amending regulations to create a
bonded-processing zone for exportoriented refineries. Quite obviously, these considerations are
attractive to international oil investors. The targeted export market would likely be cities in south-
central China, which are closer to Thai ports than to the Pacific coast of China. Another proposal
would see the construction of a pipeline across the Isthmus of Kra, allowing oil shipments from the
Persian Gulf to East Asia to bypass the congested Strait of Malacca, possibly with the addition of an
export-oriented 500,000 bbl/d refinery at the pipeline’s Gulf of Thailand terminal.

A feasibility study completed by PTT in July 2004, however, cast doubt on the financial viability of the
project. The debates continue. Thailand also plans to reduce its consumption of petroleum and
imports of gasoline additive methyl tertiary butyl ether (MTBE) in the future by promoting domestic
production and consumption of ethanol. The Thai government approved a package of tax incentives
in December 2000 to encourage more production of ethanol for fuel use, and gasoline containing 10%
ethanol was introduced in the greater Bangkok area beginning in December 2004. Throughout 2005,
the government of Thailand has continued to promote directives and polices related to alternative
fuels, in particular Bio Diesel from Palm Oil and Jatropha Curcas L. The Prime Minister has set the
standard for decentralised Bio Fuel/Bio Diesel by stating with absolute clarity that he would like to see
refineries in each and every region of the country. The complete feasibility of this depends upon
agricultural extension. There is sufficient land, sufficient people and sufficient economic,
environmental and social reasons for promoting the objective.

NATURAL GAS

Thailand contains about 13.3 trillion cubic feet (Tcf) of proven natural gas reserves, of which it
produced 685 billion cubic feet (Bcf) in 2002. The country consumed 904 Bcf in 2002, including
imports from Burma. Much of the country's natural gas is used for generating electricity. In 2001,
Thailand completed its program for the conversion of almost all oil-fired electric power plants to
natural gas. Demand for natural gas is expected to rise at a 5% -6% annual rate over the next five
years, which represents a substantial revision downward from previous official estimates. Bongkot is
Thailand’s largest gas field, located 400 miles south of Bangkok in the Gulf of Thailand. Thailand
began imports of gas from Burma in late 2000, used mainly at the Ratchaburi power plant.

PTT also is in the process of building an extensive natural gas distribution network around Bangkok,
which will provide fuel for power plants as well as large industrial consumers.

Thailand’s economic difficulties in 1997-1998, which reduced natural gas demand, along with rising
domestic production, forced the country to re-examine two natural gas deals signed with Oman and
Indonesia.

Planned imports of liquefied natural gas (LNG) from Oman and piped natural gas from Indonesia's
Natuna gas fields, for which preliminary agreements had been signed in the mid-1990's, were
delayed. Development of Thailand’s domestic natural gas resources and the imports from Burma are
expected to cover anticipated Thai demand for the next several years, though LNG remains a long-
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term option for Thailand. Thai officials have held preliminary discussions in 2004 with Omani and
Iranian officials about possible future LNG projects.

Unocal Thailand is the country's largest natural gas producer, and has continued to increase its
production with the development of new reserves. The Pailin gas field, which came on-stream in
August 1999, added 165 million cubic feet per day (MMcf/d) to Thailand’s gas production. Unocal also
started production at the Trat field in 1999. Unocal is undertaking a second phase of development at
its Pailin field, which will eventually increase its production to around 330 MMcf/d. Overall, Unocal
currently supplies around 740 MMcf/d to the Thai market, a figure which the company expects will rise
to 1,240 MMcf/d by around 2010.

ChevronTexaco is currently producing about 145 MMcf/d from its offshore Block B8/32. The company
has put its estimated gas reserves in the block at 2.5 Tcf, and has plans to expand production in the
future to about 250 MMcf/d. Amerada Hess reported a new onshore natural gas find in north-eastern
Thailand in early 2003, which currently is under development. The company expects to begin
production from the Phu Horm field in 2006.

The $1 billion, 416-mile Thai-Burmese natural gas pipeline, running from Burma's Yadana gas field in
the Andaman Sea to an Electricity Generating Authority of Thailand (EGAT) power plant in Ratchaburi
province, was completed in mid-1999. A new connecting line also has been built linking Ratchaburi to
the Bangkok area, which provides for other uses for imported Burmese gas in addition to the
Ratchaburi power plant.

JOINT DEVELOPMENT AREA

One of Thailand’s most active areas for gas exploration is the Malaysian-Thailand Joint Development
Area (JDA) located in the lower part of the Gulf of Thailand, and governed by the Malaysia-Thailand
Joint Authority (MTJA). The JDA covers blocks A-18 and B-17 to C-19. A 50:50 partnership between
Petronas Carigali and Triton Energy Ltd. (now a subsidiary of Amerada Hess) is developing the
Cakerwala field in block A-18, while PTTEP and Petronas Carigali also share equal interests in the
remaining blocks. An agreement was signed in October 1999 for sales of gas from the block to PTT
and Petronas, for use in both Thailand and Burma. PTT has agreed to purchase 390 MMcf/d of gas
over 10 years from the Cakerawala field, the first JDA field to come on stream, beginning in 2006.
Natural gas deliveries prior to then will be solely to Malaysia. Cakerawala contains estimated reserves
of 2 Tcf.

As the project has moved forward, however, it has become controversial in Thailand. The pipeline is
to come ashore in Songkla province in Thailand with a connection overland to Malaysia. Strong
opposition to the project developed in 2000 among residents of Songkla, who have voiced concerns
about the environmental impact of the project. The Thai government announced a decision in May
2002 to proceed with construction of the pipeline, but on a slightly different route, which will avoid
local population centres. Construction began in mid-2003, and the project was scheduled to begin
commercial operation in mid-2005.

OTHER PIPELINE OPTIONS

Two other possible international natural gas pipeline options also are under study. Officials from PTT
have held preliminary discussions with Vietnamese officials about possible supply of natural gas from
the Tay Nam field in Gulf of Thailand via a pipeline into Vietham’s main industrial centre, Ho Chi Minh
City. Talks also have been held with Burma and India about a possible pipeline interconnection
between the three countries.

ELECTRIC POWER

Thailand had 23 gigawatts (GW) of power generation capacity as of January 2002, from which it
produced approximately 102 billion kilowatt-hours (Bkwh) of electricity. The decline of the Thai
economy as a result of the Asian financial crisis resulted in a decline in domestic demand for
electricity of about 3 Bkwh in 1998, before rebounding in 1999. This situation compelled EGAT, the
state-owned electricity company, to revise its electricity demand projections. EGAT postponed or
delayed a number of projects including: delaying the commissioning of the third and fourth 300-MW
thermal units of the Ratchaburi power complex by three years to 2004 and 2005, respectively;
postponing the start -up of the second 300-MW thermal unit at the Krabi power plant from 2001 to
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2005; and delaying power purchases from three Laotian projects - the lignite-fired Hongsa project and
the Nam Ngum 1-2 hydro projects to 2004 and 2005, respectively.

While demand growth has recovered in step with Thailand’s economic growth over the last five years,
EGAT decided to lower its planned generating capacity reserve from 25% to 15%, which further
delayed the need for additional generating capacity. Now that the country has worked through most of
the backlog of projects approved before the financial crisis, several major new power generation
projects are again being planned. The Ratchaburi power plant, Thailand’s largest power project, had
moved forward despite the slowdown in power demand growth.

The complex eventually will have a capacity of 3,200 MW, including 1,800 MW in six combined cycle
gasfired generators and 1,400 MW in two conventional thermal units that can burn either natural gas
or fuel oil.

The first combined-cycle unit began operation in January 2000. Ownership of the plant was
transferred from EGAT to Ratchaburi Electric Generation in October 2000, and a successful initial
public offering of stock was carried out. One other independent power producer (IPP) also began
operation in August 2000, Tri Energy, which has a 700-MW plant at Ratchaburi. The company is
owned by a consortium including Edison Mission Energy, ChevronTexaco, and local Thai firms.

Several prospective new projects have been approved within the last year. Thai Qil is planning a
1,400 MW gas-fired plant at Sri Racha, adjacent to its existing refinery. It will sell the power generated
to EGAT, beginning in 2008. EGAT is planning four new 700 MW plants of its own, two near Bangkok,
one in Chachoengsao province in the north, and one to be located in the south near Songkla. These
new plants are to begin operation between 2006 and 2009. The Thai government has stated that it
plans to eventually privatize EGAT, but it is still studying the options for structuring the privatization
process. The previous privatization scheme was abandoned in March 2004 after labour union
protests.

ENVIRONMENT

Perhaps the most visible environmental side effect of Thailand’s industrial development is the growing
problem of air pollution, where thick smoke often chokes city streets in Bangkok. Although traffic
congestion has proven to be a difficult problem to tackle, the Thai government has instituted a number
of measures to address urban air pollution problems, including phasing out leaded gasoline,
Bangkok’s air quality are improving.

Marine pollution is another threat, with increased risks if an offshore gas pipeline linking Thailand and
Malaysia proceeds. Thailand’s rate of energy consumption continues to grow at a fast pace.
Thailand’s carbon emissions have mirrored the growth in energy consumption, doubling between
1990 and 2001.

Thailand is a non-Annex | country under the Kyoto Protocol, meaning it is not required to reduce its
carbon emissions below 1990 levels by 2008-2012, but, owing to concerns for Bangkok and the
country's other lowlying coastal areas in the event of rising oceans due to climate change, the Thai
government ratified the agreement in August 2002.

As with other East Asian countries, both Thailand’s energy intensity and carbon intensity levels have
increased over the past 15 years. Thailand hopes to reduce its carbon intensity by diversifying its fuel
share of energy consumption to emphasize more renewable energy sources, chiefly solar Power. A
number of solar-powered projects are in development, and the Thai government has given incentives
for other nonconventional, alternative energy production. Thailand’s environmental outlook is
improving, especially as the government conducts required environmental impact assessments (EIAs)
and allows for more public participation in the development of infrastructure projects. Still, better
enforcement of existing environmental laws and regulations will be necessary to boost Thailand’s
environmental record.

Promoting Bio Diesel is a proactive move towards ensuring that there is economic reasoning driving
the planting of fuel crops like Jatropha Curcas. The government has made bio diesel a lead product
for inclusion into the energy account.
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COUNTRY OVERVIEW

Chief of State: King Phumiphon Adunyadet (since June 1946)

Prime Minister: Thaksin Shinawatra (since February 2001)

Independence: 1238 (traditional founding date)

Population (2004E): 64.9 million

Location/Size: Southeastern Asia/514,000 square kilometers (198,455 square miles).
Major Cities: Bangkok (capital)

Language: Thai, English, ethnic and regional dialects

Ethnic Groups: Thai (75%), Chinese (14%), other (11%)

Religions: Buddhism, 95%; Muslim, 4%; Other, 1%

ECONOMIC OVERVIEW

Currency: Baht (Bt)

Exchange Rate (10/15/05): US$1 = Bt42.00

Gross Domestic Product (2004E): $163.0 billion (2005F): $180.1 billion

Real GDP Growth Rate (2004E): 6.3% (2005F): 5.7% - 4.8%

Inflation Rate (consumer prices) (2004E): 3.0% (2005F): 2.9% - 3.5%

Current Account Balance (2005E): $6.2 billion

Merchandise Exports (2005E): $96.3 billion

Merchandise Imports (2005E): $98.1 billion

Trade Balance (2005): $1.2 billion

Major Export Products (2005): Textiles, canned food, integrated circuits, rice, tapioca, rubber,
maize, precious stones, fuel and lubricants.

Major Import Products (2004): Food and beverages, household appliances, chemicals, base metals,
machinery, fuel and lubricants

Major Trading Partners (2005): Japan, United States, Malaysia, Singapore, EU

ENERGY OVERVIEW

Proven Oil Reserves (1/1/04E): 583 million barrels

Oil Production (2003E): 259,000 barrels per day (bbl/d), of which 96,000 bbl/d is crude oil

Oil Consumption (2003E): 851,000 bbl/d

Net Oil Imports (2003E): 592,000 bbl/d

Crude Oil Refining Capacity (1/1/04E): 703,100 bbl/d

Natural Gas Reserves (1/1/04): 13.3 trillion cubic feet

Natural Gas Production (2002E): 685 billion cubic feet (bcf)

Natural Gas Consumption (2002E): 904 billion cubic feet (bcf)

Recoverable Coal Reserves (12/31/99): 1.4 billion short tons

Coal Production (2002E): 21.8 million short tons

Coal Consumption (2002E): 28.1 million short tons

Electric Generation Capacity (1/1/02E): 23 gigawatts

Electricity Generation (2002E): 102 billion kilowatt-hours

ENVIRONMENTAL OVERVIEW

Total Energy Consumption (2002E): 3.1 quadrillion Btu* (0.7% of world total energy consumption)
Energy-Related Carbon Dioxide Emissions (2002E): 188.6 million metric tons of carbon dioxide
(0.7% of world total carbon dioxide emissions)

Per Capita Energy Consumption (2002E): 49.0 million Btu (vs. U.S. value of 339.1 million Btu)
Per Capita Carbon Dioxide Emissions (2002E): 3.0 metric tons of carbon dioxide (vs. U.S. value of
20.0 metric tons of carbon dioxide)

Energy Intensity (2002E): 8,157 Btu/ $1995 (vs. U.S. value of 10,613 Btu/ $1995)

Carbon Dioxide Intensity (2002E): 0.5 metric tons of carbon/thousand $1995 (vs. U.S. value of 0.6
metric tons/thousand $1995)**

Fuel Share of Energy Consumption (2002E): Oil (55.8%), Natural Gas (28.4%), Coal (12.6%)
Fuel Share of Carbon Emissions (2002E): Oil (55.9%), Natural Gas (24.7%), Coal (19.4%)
Status in Climate Change Negotiations: Non-Annex | country under the United Nations
Framework Convention on Climate Change (ratified December 28th, 1994). Signatory to the Kyoto
Protocol

Thailand’s approach to CDM activities is proactive while conservatively allowing for the development
of processes that can be accommodated by the existing administrative machinery. Ministry of Natural
Resources & Environment or MONRE as DNA CDM (July 2003) « Office of Natural Resources &
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Environmental Policy & Planning or ONEP as National focal point « ONEP is to coordinate the
structuring in CDM operation in the country

Major Environmental Issues: Air pollution from vehicle emissions; water pollution from organic and
factory wastes; deforestation; soil erosion; wildlife populations threatened by illegal hunting

Major International Environmental Agreements: A party to Conventions on Climate Change,
Endangered Species, Hazardous Wastes, Marine Life Conservation, Nuclear Test Ban, Ozone Layer
Protection, Tropical Timber 83 and Tropical Timber 94. Has signed, but not ratified, Biodiversity and
Law of the Sea.

* The total energy consumption statistic includes petroleum, dry natural gas, coal, net hydro, nuclear,
geothermal, solar, wind, wood and waste electric power. The renewable energy consumption statistic
is based on International Energy Agency (IEA) data and includes hydropower, solar, wind, tide,
geothermal, solid biomass and animal products, biomass gas and liquids, industrial and municipal
wastes. Sectoral shares of energy consumption and carbon emissions are also based on IEA data.
**GDP based OECD figures at Purchasing Power Parity (PPP)

ENERGY INDUSTRY

Major Foreign Oil Company Involvement: Chevron; Shell; Texaco; Total; Unocal

State Energy Companies: PTT is the state oil company. Electricity Generating Authority of
Thailand (EGAT), Thailand’s state electric power authority, has spun off Electricity Generating

PCL (EGCOMP), but still owns a 41% share. EGAT also has sold off the Electricity Generating Public
Co. Ltd. of Thailand (EGCO). Ratchaburi Electric Generating Company is an IPP. Thailand has two
other stateowned electric companies: the Metropolitan Electricity Authority (MEA) and the Provincial
Electricity Authority

(PEA)

Major Refineries (Crude oil refining capacity - bbl/d): Shell Company of Thailand (275,000); Thai
Oil Co. Ltd (192,850); Esso Standard Thailand Ltd. (173,500); Petroleum Authority of Thailand
(61,750)

Major Ports: Bangkok; Laem Chabang; Pattani; Phuket; Sattahip; Sri Racha; Songkla

25 Jul 2005 Report PTT.

National Oil Balance January-May 2005

1. Demand

In 2005, Thailand’s petroleum demand (exclusive of feedstock for petrochemical sector) increased by
5.8% from last year to 1,189,100 barrels per day (b/d).

1.1 Products

Consumption of refined oil products averaged 749,600 b/d, an increase of 3.5% over the previous
year. Demand for diesel oil 366,700 b/d up 9.7%; gasoline 126,800 b/d down 7.8%; fuel oil 109,200
b/d down 1.4%; aviation fuel up 0.8% to 74,100 b/d; LPG up 7% to 72,400 b/d and kerosene
decreased 8.4% to 400 b/d.

1.2 Natural Gas

Demand for natural gas grew by 10% to reach 439,500 b/d. Of the total, 181,400 b/d was used for
power generation of EGAT, increased by 6.4%; 215,000 b/d was used by IPP (Independent Power
producers) and SPP (Small Power Producers) increased by 14.67% and gas demand for industries
increased by 2.8% to 42,200 b/d; and demand on Natural Gas for Vehicles (NGV) increased by
207.5% to 900 b/d.

2. Procurement

On the supply side, petroleum procurement averaged 1,575,630 b/d, up 3.5%.

2.1 Overseas sources

Import oil totalled 1,049,030 b/d up 3.6% from the same period of last year. Import products were
crude 853,100 b/d, increased by 1.3%; natural gas from Myanmar 149,900 b/d, increased by 30.8%;
and refined products 46,030 b/d, decreased by 17.2%.

As of May 2005, Thailand’s refined products imported were 26,400 b/d of diesel, decreased by 0.9%;
fuel oil 19,600 b/d, increased by 10.1%; and aviation fuel 30 b/d, decreased 98.5%. In January to May
this year, there were no import of gasoline, kerosene, and LPG. The total cost of imported refined
products was Bt. 14.606 billion, up 28.34% from last year or equivalent to Bt. 3.225 billion.

Total crude imported from the Middle East was 707,100 b/d, increased by 2.7%; from the Far East
93,600 b/d, decreased 18%; and from other sources 52,400 b/d, increased 32.6%. The total cost of
crude oil bills was Bt. 233.726 billion, 45.28% higher from last year or equivalent to Bt.72.846 billion.
Meanwhile, the total cost of natural gas imported from Myanmar was approximately Bt. 23.690 billion,
an increased of Bt. 6.764 billion or equivalent to 39.96%.

2.2 Indigenous sources
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Domestic sources provided 526,600 b/d of petroleum, up 3.4% from last year. Supplies of indigenous
petroleum were 367,300 b/d of natural gas increased by 3.3%; crude 93,800 b/d, increased by 15.6%

and condensate 65,500 b/d, down 9.6%.
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North East Thailand and National Demographic Statistics
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ANNEX 4

Decentralised Bio Diesel Refinery:

Bio Diesel Technologies GmbH

Hietzinger Hauptstrafl3e 50

A-1130 Vienna

(Hereinafter abbreviated to "BDT" or "Vendor")
And Project Thailand

Dr. Clive Richardson in conjunction with
The Government of Thailand

(Hereinafter abbreviated to "Purchaser")

Subject matter of contract/Price

Department of Trade and Industry Dti United Kingdom
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The subject matter of the contract is the sale of
Quantity Description Attachment Net price / Unit
1 CPU 1000 1 & 3 € 1,334,200 / Unit

1 Infrastructure 2 & 3 € 1,062,800- net

1 Consultant Package 3 € 50,000- net

€ 2,447,000- net

The Annex contains the exact description of the BDT equipment, Attachment 2 details the
Infrastructure required for the equipment in Attachment 1, and Attachment 3 details the General
Terms and Conditions, and forms an element of the Purchase Offer. Any taxes or duties due are
accounted separately.

The price is calculated ex works Lucenec/Slovakia.

Payment terms

Payment is due without any deductions and must be made into one of the BDT accounts specified in
the Purchase Contract / Invoice as follows:

1) Down payment within 10 days after signing the contract..................... 30%

2) Partial payment after 2.5 months from first payment.............c.cccccee 30%

3) Payment against shipping documents...40%

(Second and third payment covered by an irrevocable letter of credit. Due after delivery of the
equipment Secured by a letter of credit)

Place of delivery

The objects of purchase are pre tested at BDT's plant in Lucenec (Slovakia).Verification with the local
authorities must be undertaken by the Purchaser; BDT will support the purchaser to the best of BDT's
abilities.

Delivery period
The delivery period amounts to 6 months, calculated from the day that the down payment is received
in the BDT bank account.

Warranty and Maintenance

The Vendor provides a comprehensive warranty for the period of one year from the date of
commissioning and putting into operation of the equipment for the proper functioning of the
Purchased Goods in accordance with the technical specifications to the extent that no exclusions (see
General Terms and Conditions) apply. During this warranty period BDT assumes, free of charge, all
necessary maintenance work, as well as the required exchange of parts for the plant. The Purchaser
should cover travel expenses and room and board costs of the required personnel.

General provisions

Our General Terms and Conditions apply. There are no verbal subsidiary agreements. All agreements
must, like all supplements to and amendments of this Contract or of our General Terms and
Conditions be in writing to be valid. To the extent that individual provisions of this Contract are
ineffective or invalid, this does not affect the validity of the Contract as a whole. On the contrary, the
invalid parts are to be replaced by provisions, which correspond more directly to the intentions of the
parties as evident from this Contract. Court of jurisdiction is in Vienna.

Purchaser

Vendor
Bio Diesel Technologies GmbH
Vienna dated 27/07/05
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ANNEX 5

BioDiesel éTechnologies

BioDiesel Technologies GmbH., Hietzinger Hauptstrasse 50, A-1130 Vienna, Austria. Tel: +43 1 876 08 95 Fax: +43 1 876 08 05 20
www, biodieseltechnologies.com
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CPU 1000

Compact Production Unit

Methv] Ester Production Machine

The CPU 1000 is a complete methyl ester (biodiesel} production machine installed in a 20 {t.
container frame, ready for start-up after being connected to the external tanks for methanol. oil, methvl
esler, acid, G-phases, water, compressed air, external ventilation lines and electric power.

The CPLU 1000 maintains a continuous process featuring the latest coalescer technologies. pneumatic
proportioning systems, static mixers, decanter reactors, 3- stage acid/water wash and vacuum
distillation.
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Overview

Features

Capacity

Dimensions

Process

Raw
Materials

Operators

Safety

“Plug & Play™, transportable, factory assembled and tested prior to delivery.
Most pumps and mixers pneumatically powered.
Methoate and storage tanks {2 x ea. 1350 liters) included in CPUL

[ 000 liters/hour (Standard production capacity according to BDT standards. See CPLU Process)
20ft. container frame, 15O Standard for easy transportation

2-stage alkaline catalyzed reesterification; any CPU can be adapted for different
processes and catalysts (KOH (preferred) or NaOH): the proportions of methanol, catalyst
and oils, as well as methyl ester, acid and water can be changed, as can the speed and
temperature. Final conditioning of biodiesel completed by the removal of methanol,
neutralization and removal of alkaline and water. By the use of suitable raw materials
the produced methyl ester will meet all relevant standards in all parameters influenced or
produced by this process. The required parameters for winter fuels for instance can in
some cases be reached by the use of special additives and/or blending with mineral
diesel.

Virgin and/or used oils of vegetable or animal origin ( Triglycerides or triacylglyeerols) of:
<0, 1% HyO, predominantly free from solids and other substances.

Acid No. <3 (~FFA content <1.5%),

Methanol: Technical grade, clean, pure, <0.53% Hy0

KOH: Good technical quality, dry powder, not carbonated

Minimum of 1 operator per shifl. trained by BDT

CPU meets the standards of the CE mark.

Products

Methyl Ester

(:-Phase

G-Phase 3

Typically 96.5% transesterification of triacylglveerols is achieved
Methyl ester meets all relevant standards (Parameters influenced by CPUY

The composition of the G-Phase is not constant and depends on several factors, primarily
the acidity number of the input oil. The G-Phase is a dark brownish green substance
which remains a viscous liquid at room temperature (KOH catalyst) or a semi-solid (NaOH)
The amount of the G-Phase is typically [6-18% ol input oil.

Typical composition:

- Glveerol ~56%,
- Alkaline (Soaps and hydroxides) ~14%,
- Methyl ester ~18%,
- Methanol ~ 100,
- Water and other components ~ 304

The G-Phase 3 1s comprised of water with soaps and traces of glycerol
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CPU 1000 — Usage and mode of operation

The CPU is designed for 24-hour/day operation, attended by respectively qualified operators who control
and adjust the machine and process parameters for best results. The final treatment of the product requires
consistent monitoring for proper adjustment of the proportions of acid and waler, as raw oils { especially used
edible 0il) can differ greatly in chemical and physical composition.

Routine stops of the CPU, of up to 60 minutes, are required to control and adjust the various pumps and
clean the centrifuges due to the formation of soap caused by inaccurate acid and water usage.
Maintenance breaks are part of normal operation, and do not disturb the CPU process.

CPU — General Description

CPU Process

2-stage alkaline catalvzed transesterification process. Process temperature ~55°C

Final methyl ester purification by removal and condensation of excess methanol.
Meutralization and removal of alkaline by washing with acidic water and ¢lean water in 3
stages. 1-5% of a 2% acid solution 1s mixed to the methyl ester to split emulsions and
partly neutralize alkaline. 2-4% H;0O per stage is mixed with the methyl ester for washing.
Walter removal performed by centrifuges and final drying by vacuum distillation.

BDT standard production capacity refers to easily pumpable oils at =0.5 bar (~30°C for
fiesh rape seed oil} meeting the standards for “Raw Materials™ ( see Overview)

Compressed air with permanent 8 bar at the 1 connector on CPU during operation

A stable supply of electricity

Oil temperature of ~55°C in CPU with a content of = 10% MeOQH in the first stage
Pressure of reactor <30 bar

Full production capacity will be reached after an initial priming and fine adjustment period
of approximately 30 hours of operation {For new CPU)

Divergent parameters can cause lower production capacities

Safety CPU is predominantly controlled automatically.
All components are hermetically sealed or connected to ventilation
No pressure tanks or pressurized reactors are used in CPU? all parts with higher working
pressure (=40 bar) are pumps, pipes or hoses.
Raw Materials
Oil Oil of vegetable and animal origin, meeting the following requirements:
Liquid (low viscosity for easy pumping, heated if necessary)
Clean, practically free from solids (<50 microns)
Practically free from other substances (i.e. emulgators)
<0.1% H20 {Higher values can be reduced by optional distillation unit {FRU}
Acid No. <3 (ie a maximum ~1.5% of Free Fatty Acid (FEA) content)
Methanol Technical crade (Practically free from other substances )
Pure and clean with a maximum of 0.5% H,O
Catalyst  KOH {Preferred) or NaOH
Good technical quality, drv powder, not carbonated
Acid 2% acid solution
Water Patable water quality is sufficient
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Additional

Ventilation

Connections

Storace

Infrastructure

Personnel/Training

Regulations

400m*/hour { Opticnal )

The airflow of Ventilation Line | and optional ventilation of CPU will contain
traces of MeOH: the amounts are variable and depend on:

The condenser lemperature (air cooled and thus dependant on the ambient temperature) and the
presence of other gasses in the airflow of the pump exhaust.

In the case of optional CPU ventilation,

Spillage, if any, of MeOH during routine servicing or repairs causing the temporary
presence of elevated amounts of vapors. (During normal operation hermetic seals prevent
escape of all but trace amounts)

As the handling of airflow composition and similar stipulations are dependant on
local regulations, the plant operator is fully responsible Tor the adherence of all legal
requirements which apply.

All external connections (lines in and cut) are equipped with BDT s quick coupling
Syslem. (Included in the set of spare parts delivered with CPLL)

The recommended size for all tanks {eil, methanol, methyl ester, acid and G-Phase ) allows
for one or more deliveries plus reserve. For raw oil and methy] ester, 2 tanks is
optimal (but not essential ). 1] tanks must be decanting tanks to allow the easy
discharge of water and foreign substances. In the case of cold climates tanks should
be heatable in order to maintain low viscosity Tor flow.

The CPLU is a complete methyl ester production machine requiring a minimum of
infrastructure:

The facility should be readily accessible by trucks

The production floor should be leveled and sealed with integrated sump. oil
separator and constructed as “pan”™ {Contained) in the event of spills as per local
regulations

Separate rooms Tor office, lab, workshop, and restrooms

Well illuminated

A minimum of one person qualified to operate chemical processing machines and
trained by BDT, is required per shift: local employment laws may vary.

All Machine operators must undergo a special training course for operating a CPU,
must possess good technical skills, knowledge about handling chemicals and
COMMON sense.

An additional 3 day training at the chemical faculty of The Universily of Bratislava
{ Theory and lab practice of methyl ester and raw material testingy 15 offered and strongly advised
for plant managers and operators.

The legal regulations covering production plants and equipment may vary greatly
with location: verification with local authorities must occur BEFORE placing order.
Notification must be provided to BDT before construction of CPLU will commence.
CPUs can be adapted, however late changes will increase buyers costs, may be
refused, and can extend delivery time.
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CPU 1000 Technical Data

Dimensions - 2010 18O Container

Weight - Upto 10,600 Kg depending on configuration
Connections /O - Acidin e

. . ) . - Methanol in " {0.1-1 bar pressure)
['he connections from CPU to the _

peripherals ( tanks, air, and water ect. ) - Gilin (0015 bar pressure)
located on the project {control) side - Water in 5™ {=0.5 bar pressure)

must be made using flexible hoses,
which are contained in the scope of
delivery. All gas or liquid - G-Phase 3 out 15" (=1 bar pressure)
connections are located on the

- G-Phase 1, 2 out L (=1 bar pressure )

i ) ) - Methanol out 1™
reverse side of the CPU and are
terminated by BDT quick - Methvl ester out a" (=2 bar pressure) Suited for filter
couplings of the specified size. - Ventilation line 2" { Containing MeOH )
- Ventilation line b { Containing no MeOH)
- Ventilation line 145" {Containing no MeOH})
Compressed Air - 17 Maximum 100 liters/sec at 8 bar working pressure
Electricity - 3x 400 volts
I[nstalled Power - 120 kW
Controls - Mitsubishi control unit

Technical data due to change without notice
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BioDiesel ATechnologies

CPU 1000 Input & Output Materials

Per hour of Operation

Input Materials 1041kg

1% KOH
kg (11Litres)

OFeadstock il

B7%
Feedsto;k oil 12% Methanol WKCOH

; HEeth |
911kg (990Litres) 121kg (153 Litres) =hane

Output Materials 1041kg

15% G-Phase
161Kkg (191Litres)

85% Biodiesel

; EEiodiesel
880kg (1000Litres) BG Phase
G-Phase Composition
10% Methanol
56% Glycerol 16kg
kg 2% Other
3kg

14% Alkaline OAlkaline

18% Biodiesel 22kg BEiodiessl

29kg B Glycerol

\ Methanol

B Other

The difference between litres in and litres out, is a result of the specific weight of the materials.

The figures represented in this graph are approximate, individual results may vary.
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Attachment 2
Project Thailand

Or. Clive Richardsan in conjunction with
The Gaovernment of Thailand

BioDiaseJ&Techﬂnlngies

INFRASTRUCTURE REQUIRED FOR THE CPU 1000

Total Price
No. Description Quantity] Unit Price (EUR)
Major tilling place to receve the product, including all
1 |connecting means 1 € 14,750 € 14,750
Reception vessel with heating, insulation, monitoring system,
coarse cleaning device and disk filter, capacity: 33,000 liters,
2 |including all valves and accoutrements 2 € 72,630 € 145,260
Recycling tank including underground storage, double jacket,
heating coils at the tank, set of valves and accoutrements,
3 |capacity: 25 m3 1 € 50,525 € 50,525
Raw materials tank overground storage, double jacket,
heating coils at the tank, insulation, set of valves and
4 |accoutrements, capacity: 100 m3 2 € 51,000 € 102,000
Insulation, capacity:100 m3 (level measuring, warning
5 |davice, scanning of levels, isolation valves ) 1 € 15,150 €15,150
6 |Tank equipment 1 £ 8,575 €8,575
7 |Heating coils 1 € 6,425 £€6,425
8 |Division of the tank in 3 chambers 1 £ 6,050 € 6,050
9 |Tank equipment for 2 chambers 2 € 8,575 €17,150
Intermediate tank ovarground storage, double jacket, set of
7 |valves and accoutrameants, capacity: 33 m3 1 £42,100 €42,100
Methanol tank underground storage, double jacket, set of
6 |valves and accoutrameants, capacity: 50 m3 1 € 49,500 € 49,500
Glycerin tank underground storage, double jacket, set of
7 |valves and accoutraments, capacity: 50 m3 1 € 44,200 € 44,200
Tank to pick up the finished product overground storage,
double jacket, heating coils at the tank, insulation, set of
8 |valves and accoutrements, capacity: 100 m3 2 € 44 200 € 88,400
9 |Methanol-return tank 500 litres 1 € 7,370 € 7,370
Explosion-proof designed KOH-station including all valves
10 |and accoutrements as well as containers 1 € 37,900 € 37,900
Discharging place, designed according to the Water
11 |Resources Law 1 € 36,850 € 36,850
12 |Pumping station in the external area comprising of 8 pumps 1 € 20,000 € 20,000
13 |Pipe routes and structural steel work 1 € 17,900 € 17,900
14 |Tubing the entire facility 1 € 16,850 € 16,850
15 |Insulation work 1 £ 10,525 €10,525
16 [Painting 1 € 9,500 € 9,500
17 |Control room 1 € 12,625 €12,625
18 | Distribution system for water and heating 1 £ 12,625 €12,625
19 |Recycling valve, distribution system for water and heating 1 € 6,300 € 6,300
20 [Compressor 1 € 26,315 € 26,315
21 |Laboratory 20 ft. container with workshop 1 € 15,800 € 15,800
22 |20 ft. container for engineering facilities and workshop 1 € 14,750 € 14,750
23 |Collecting basin for the whole engineering area 1 £ 12,625 €12,625
24 |Communal roem including washbasin and toilet 1 € 16,850 € 16,850
25 |Switch cabinet 1 € 14,750 €14,750
26 |Low-voltage distribution systerm and electrical installation 1 £ 21,050 € 21,050
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27 |MSR-Technics

28 |Scale

29 |Programming

30 |Licensing charges

31 |Planning and supervision of construction
32 |Assembly of the entire plant

€ 10,525 €10,525
€ 26,310 € 26,310
£ 16,850 € 16,850
€ 10,525 €10,525
€ 31,570 € 31,570
£ 40,000 € 40,000

Uy Y (R Y Y R

33 |Trial run € 7,350 € 7,350
34 |Transport, packing and preparing of licence documents 1 € 19,000 € 19,000
Total Cost € 1,062,
ANNEX 6

Oil Seed Extraction Extrusion

Insta-Pro® dry extrusion of oilseeds has been used for the past 33 years to:
» . De-activate anti-nutritional factors and growth inhibitors
» . Improve digestibility
» _ Rupture oil cells

Dry extrusion produces a full-energy oilseed meal. ExPress®, a system consisting of Insta-Pro®
extruders and horizontal screw presses, allows for the removal of up to 95% of the available oil from
most oilseeds.

ExPress® systems can be used to produce all-natural oils and meals from identity-preserved crops.
No steam is used in the ExPress® system, which guarantees that no external moisture will be added
to the oil.

Jatropha Curcas L Raw oilseeds contain many anti-nutritional factors, including:
. Phorbol Esters
. Trypsin and chymotripsin inhibitors (inhibit protein digestion)
Lectins (decrease the digestibility of nitrogen-free extract)
. Urease (a concern for ruminant diets)
Allergenic factors (reduce nutrient absorption)
Lipase and Lipoxygenase

VVVVYY

Independent university studies have shown the Insta-Pro® dry extrusion process to be the most
effective way of reducing the effect of these anti-nutritional factors to safe levels without degrading
valuable protein. In animal rations, dry extruded beans consistently produce better average daily gain
with less feed, as compared to other types of soybean processing.

ExPress® system allows production of all-natural Jatropha Curcas Oil, which can be used for Bio
Diesel production. Dry extrusion releases tocopherols, the natural anti-oxidants contained in Jatropha
Curcas L oil. ExPress® Jatropha oil has the highest level of tocopherols, which makes it stable for
months under normal storage conditions. Tocopherols also keep dry extruded Jatropha Curcas meal
from going rancid for a period of months.
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For production of full extraction extrusion capability Insta-Pro®, extruders can be fitted with optional
steam Preconditioners. Steam Preconditioners double production capacity of the extruders and
reduce mechanical wear.

In 1969, Triple "F" patented the dry extrusion technology to process soybeans. The dry extrusion
technology was an immediate success and Insta-Pro® International was created to manufacture and
market dry extruders. The dry extrusion method cooks, dehydrates and sterilizes feed and food
ingredients.

Today, our customers operate Insta-Pro® extruders in 89 countries around the world. Their range of
products is very diverse - from human foods and full-energy soybeans to pet foods and bio-
processing.

Insta-Pro® International has also developed the ExPress® system, which combines Insta-Pro® dry
extruders with Insta-Pro® continuous oil presses for the mechanical extraction of oil from various
oilseeds.

Through our commitment to research and development, led by specialists in animal and human
nutrition, we are finding new applications for the dry extrusion process on an ongoing basis. We
believe that the key to our future is in bringing more value to our global customers on a community-
based level.

Insta-Pro® Extrusion Technology

Advantages to Refinery Plant

. Reduction in drying costs (i.e. fuel savings)

Added value to dry milling by-product
. Improved efficiency of plant to manufacture more ethanol
. Expanded market
. Local market for locally grown commodities
. Larger market for ingredient - Nationally & Internationally
. Create more local job opportunities
. Low capital investment
. Quick R.O.I.
. Flexibility
* Patent pending

VVVVVVYVYVVYY

The values associated with the above oil extraction and extrusion systems require additional
research and evaluation. Insta-ProExtrusion® Technology consultants would be willing to execute
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high level research and development activities by specific invite from the Royal Government of
Thailand.

Cooperative Research at Academic Institutions:

The company supports basic and applied research projects at reputed academic institutions when the

object of such research is synergistic with the company's interest in validating the application of its
equipment and technologies. Basic research behind a number of technologies and processes

commercialized by the company has been carried out at academic institutions. When the need arises,

the company also contracts specific research projects of its own interest to the Universities. Insta-
Pro® International has placed its equipment as part of continuing research agreements at the
following Universities:

lowa State University University of lllinois

lowa State - Biomass Centre University of Missouri

Kansas State University University of Nebraska

Oceanic Institute, Hawaii University of North Carolina

Ping Tung University, Taiwan University of Northern lowa / ABIL
Texas A & M University USDA ARS Lubbock, Texas
Texas Tech University Utah State University
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Product Development Centre (PDC)

D1's Product Development Centre (PDC) in India was created to focus on improving the quality of
Jatropha seeds to ensure constant volumes and quality of oil from Jatropha plantations worldwide. It
is also developing supporting products such as growing media, compost and bio pesticides. Located
in Coimbatore, Tamil Nadu, the PDC has gathered and tested over one hundred genotypes (sub
species) of Jatropha, creating a large database of Jatropha species and related products.

Seed Inventories
D1 is developing inventories of high quality jatropha planting seed specially developed for each of the
climatic conditions worldwide where planting is planned.

Seedling development programmes

Jatropha seeds are grown into seedlings in a nursery for 60 days prior to planting. The PDC provides
guidance and specialised growing media to ensure the highest germination rates and to accelerate
plant growth. D1 has placed orders for millions of seedlings with a number of established Indian agro-
laboratories and nurseries.

Growing Media, Fertilisers and Composts

Each hectare of jatropha plantation requires one tonne of organic fertilizer each year. In India,
fertiliser is usua lly produced by the women in each village. D1 is currently testing village based
composting models in several of its model farms in India. Working with local agricultural universities,
D1 is creating recipies for designer compost specifically formulated for jatropha from the agricultural
wastes and residues found in each area. D1 will instruct local women's groups on how to create the
compost.

Training manuals for planting and cultivation
The PDC has developed training manuals for farmers which outline the techniques for setting up
nurseries, and carrying out planting, pruning and harvesting.

Post harvest management and seed storage

Particular harvesting, storage and handling techniques are required to ensure optimum oil quality from
jatropha seeds. D1 will provide its partners with guidance and recommendations on such techniques
while continuing to research cost effective quality controls for cultivation and storage.

Seedcake
D1 is currently exploring and developing potential high value uses for jatropha seedcake to increase
revenue for farmers and ensure there is zero waste within D1 processes Jatropha by products.

Micropropagation

D1 is currently exploring micropropogation techniques for mass production of seedlings with the
necessary characteristics for each planting area. Methods being researched include tissue culture
(which involves growing seedlings in vitro from cells isolated from plant tissue) and microscopic seed
splitting to micropropagate millions of healthy seedlings from a single plant.
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