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Jatropha Curcas (JC) for Biodiesel Production

The Problem: Fossil fuels

* Demand for energy is increasing worldwide.

* Rapid growth is expected of at the rate of 1.7% annually, according to the Worlds
Energy Outlook.

* Developing countries are expected to soon replace the industrialized world as the
largest group of energy consumers and polluters.

* Increasing demand for fossil fuels, agriculture and firewood for energy use are
causing land degradation and air pollution among other problems.

* New concepts are needed to diversify energy sources, especially in countries like
Belize, which are largely dependent on expensive fossil fuel imports.

* Belize, like other developing countries, needs assistance because its economy
doesn’'t have financial resources to link energy production with alternative
renewable energy resources.

* Belize ratified the United Nations Convention on Biological Diversity (UNCDB) in
1993, the UN Convention on Climate Chance (UNFCCC) in 1994 and the
Convention to Combat Desertification (UNCCD) in 1998.

» The Belize National Capacity Self Assessment for Global Environmental
Management Project was completed by December 2005 to enable Belize to meet
its obligations under the three Rio Conventions.

* Now is the time to initiate programs towards renewable energy resources.

The Solution: Biodiesel

* With crude oil prices soaring in recent years, vegetable oil plants like Jatropha
curcas (JC) have been attracting a lot of attention for its potential as a “biodiesel”’
—acheaper alternative to diesel fuel.

* With environmental concerns, such as global warming, being realized in current
scientific studies, biodiesel is also coming to the front of attention because it is a
cleaner-burning fuel than diesel. Automakers and activists alike are taking
notice. Biodiesel is also beneficial as an income generator for rural communities
that farm plants like JC.

* Global production of biodiesel is increasing, moving from around 2 billion liters in
2003 to about 5 billion this year, and reaching an estimated 24 billion Iters by
2020, according to a 2005 report published by the Paris-based International
Energy Agency.

» Biodiesel is the first and only alternative fuel to have a complete evaluation of
emission results and potential health effects submitted to the U.S. Environmental
Protection Agency (EPA) under the Clean Air Act Section 211(b). These
programs include the most stringent emissions testing protocols ever required.



Jatropha curcas (JC):

 JC is a valuable multi-use crop that can alleviate soil degradation, desertification and
deforestation, yet it has been recognized as an underutilized species.

» JC ol is a sustainable, renewable resource.

* Production of JC biodiesel could replace fossil fuels like diesel, in turn reducing global
warming, and increase income for rural farming families.

* Production of high-quality biodiesel meets stringent European emission norms

»  Contribution towards the objectives to stabilize Green House Gas (GHG) emission in the
atmosphere

» Promotion of research transfer and technologies, that control, reduce or prevent emission
of GHG

Evaluation of different vegetable oil plants:

Species Oil production (liter/hectare)

African oil-palm (Elais guineesis) 4000

Coconut tree (Cocos nuciferus) 2500-3000

IAvocado 2400

Cohune Palm tree (Attalea cohune) (1000

Soyabean (Glycine Max) 500-700

Peanuts (Arachide spp) 700-2000

Jatropha curcas 100-1500 natural production systems

(Physic nut) 3000- 4000 commercial management systems
using new seeds and irrigation

To meet the increasing demand, biodiesel makers have a wide range of options. But the
cultivation of the Jatropha curcas plant, a tropical shrub that grows in near absence of
water, is starting to catch the interests of researchers, policy makers, and the energy
industry. Although many labs in India and elsewhere have been working with about a
half-dozen edible oilseeds for the production of biodiesel, the inherent properties of JC
as — a durable tree that can produce oil-bearing, non-edible seeds over a 30-year
lifespan — appear to have some clear advantages. Rapeseed, for example, tires the
land and requires expensive crop rotation and fossil-based fertilizers. In contrast,
Jatropha plants control erosion and improve soil. Also, high-quality biodiesel made
from JC oil can be produced to meet stringent European emission norms.

JC oil and seed production:

Established JC plantation with 5-6 Kg seeds for 2500 plants per hectare seed production
ranges from about 0.25 tons per hectare per year to over 12 tons per hectare per year
after five years of growth (Jones N, Miller J.H. 1992). This range in production may be
attributed to low and high rainfall areas and management practice including irrigation.
Without an irrigation system, JC can be harvested once or twice per year. If an irrigation
system is used, JC can be harvested three to four times per year.



Expected yield

Expected yield

Unirrigated Irrigated
Years Fruits [Oil per|Percent|Fruits per|Oil per ha. |Percent
after per halha. ha. Irrigated
Planting Rain |Rain fed Irrigated |Crop
fed Crop (%) Crop (%)
Crop |(I) )]
(Kg) (Kg)
- - 0 250 80 2
250 50-80 |6 1000 330
3 1000 {200 - 25 2500 830 21
330
4 2000 |400 - 50 5000 1600 40
660
5 3000 |600 - 75 8000 2660 66
1000
6 4000 (800 - 100 12.000 4000 100
onwards 1300

For the production of 1 Liter of JC oil 5-3kg seeds are needed depending on the ex-
traction equipment. 2 kg seed collection in = 1 hour. One liter of seed weighs 450-500 g.

JC Oil extraction and processing:

» Traditiondly, in Thailand, the ground seeds are boiled with water and the oil
floated off. In Mali the oil istraditionally extracted in manual and hydraulic

presses.

» Small expellers, with a capacity of 30-70 liters oil/hr can also be used powered by
electricity or diesel engines running on Jatropha oil (Henning).
* Thecrude oil may be semi-refined by de-gumming and alkali treatment.

Major fatty acid composition of oil:

* Myristic acid 0-0.5%, Palmitic acid 12-17%, Stearic acid 5-6%
» Oleicacid 37-63%, Linoleic acid 19-40% (Ecky)

Equipment:

* Mills, pestles and mortars, heating pans, driers, presses, expellers, filters.

JC — Guatemala:

* Biocombustibles de Guatemala (BG) is a private company that was established
in 2005 as a result of an accomplished renewable energy research program,
conducted by the forerunner company OCTAGON.




* The objective of the research was focusing on oilseed production, with the main
purpose to transform its vegetable oil into biodiesel.

* The selected oilseed was Jathropa curcas (JC).

e JC cultivation began based on a funds coming from the Finish Government's
Alliance for Energy and the Environment.

 The JC plants have grown in Guatemala for many years but had not been
considered as a fuel source until recently. Up to now BG planted 100 hectares of
JC in Guatemala.

* JC oil for biodiesel is already under production (200 gallon per day) from JC
plants in Peten for testing purposes.

* The first results are very promising, showing that it is much cheaper to process
JC oil into biodiesel compared with commercial diesel prices.

* The biodiesel made from JC will be cheaper than petroleum in Guatemala.

* Investigations show that for replacement of 80% of petro-diesel demand with
biodiesel, Guatemala needs to establish 250,000 hectares of JC plantation. This
is 2.5% of the total land.

* A mutual agreement will be signed soon for partnering with EFTEC Belize.

More characteristics — JC...

» can grow in any kind of soil with top altitude of 1000ft/328ft above the sea level,
including marginal land and semi-arid land.

* requires as little as 250mm of water per year to survive. And for a good natural
development, it will need 1,200mm of water per year. (Irrigation for commercial
plantations is recommended.)

* has no edible leaves and fruits, which means little or no trespassing and
browsing by animals.

* can be used as a nutrient rich fertilizer and as a windbreak, thus conserving soll
humidity.

* improves microclimate and providing humus to the soil.

» can enhance the productivity of other agricultural crops.

e can be used for reforestation, home of bees, birds and other insects, or wood for
charcoal or firewood.

» carbon dioxide capitation is 7 to 8 tons per year per hectare if the plantation’s
vegetation is developed.

* seed oil is renewable, non-edible and environmentally friendly and can be
processed for any energy purpose among others.

* is native of Mesoamerica, but also developed in other countries such as Egypt,
Ghana, India, Indonesia, Madagascar, among others.



JC and its potential use:
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Research conducted in Belize:

- Rodent repellent
- Sap: Medicinal uses

- Integrated agro-
forestry system

2002 |Characterization of tropical tree species cultivated in the  |Albert- Ludwig’s University
nursery at the Maya Ranch Reserve Freibrug, Germany
2002 |Determination of Jatropha Curcas biomass Albert- Ludwig’s University
Freibrug, Germany
2002 |Characterizing the photosynthesis assimilation rates of The University of Melbourne,
typical tropical plants (carbon intake) Australia,
Forest Science Centre
2001 |Determination and Growth of tropical keystone forest trees |Albert- Ludwig’s University
cultivated in the nursery at the Maya Ranch Reserve Freibrug, Germany
2000 |Light and Shadow Adaptation of tropical plants Albert- Ludwig’s University
Freibrug, Germany
2000 |Educational Herbal Trail and development of information  |Albert- Ludwig’s University
materials Freibrug, Germany
1999 |Evaluation of nursery data and development of methods to |Albert- Ludwig’'s University
assess data determination Freibrug, Germany
1998- |Establishment of reforestation areas including Jatropha Albert- Ludwig’s University
Curcas to maintain a high degree of biodiversity with a long |Freibrug, Germany
2002 |term economic perspectives, including monitoring of each

tree species performance




JC — A sun adapted plant:

400 LIGHT RESPONSE CURVE - TROPICAL PLANT SPECIES
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The electron transport rate of JC indicates that it is a sun adapted plant. JC light
nse curve under shade. This
is very important knowledge regarding implementation of JC plantations for commercial

response curve in the sun is higher than the JC light respo

oil production.

JC - CO2 sequestration:

Example: Egypt
Total size of plantation: 5,000 ha
JC plants per ha: 1,600

Dry matter content: about 25%.
Dry matter per hectare: about 80 tons of biomass
Carbon dioxide: about half that weight - i.e. 40 tons.

Total payment per hectare: $150 US

The 5,000-hecatre JC plantation in Egypt can consequently
$750,000 US to carbon sequestration per year.

Biomass after 7 years: each plant has ca. 200 kg biomass including roots

Trade of emissions certificates payment: $3-$4 US per ton of CO2 sequestration

calculate with financial aid of




Potential use of BIODIESEL in Belize:

* Biodiesel can be mixed with petrol-diesel or be used pure in diesel engines.

*  When 20% biodiesel is used, no changes at all must be made on the engines.

» Belize imports of petrol-diesel slightly under 100,000 tons per year with a total
value of $40 million US.

» At a mix of 20% needs for biodiesel will be around 20,000 tons per year.

» This represents a savings of $10 million US.

» Additionally the use of biodiesel during peak hours ($150 US per MWh from
Mexico) and the replacements of BSI needs to purchase 6000 ton of fuel oil for
its BELCOGEN bagasse burning plant (when they are short of bagasse) will save
an other $5 million US flowing out of the country.

* The excess of 10,000 tons — when full production is achieved — can be exported
to countries with a deficit.

» Estimated sales prices are about 500 Euros FOB, representing net income of
around 5 million Euro of hard cash for the country. (The European Union biofuel
directive requires a minimum level of bio-fuel as a proportion of fuels sold in the
EU of 5.75 percent by 2010 and 20 percent by 2020.)

* 1,600 to 3,000 liters of biodiesel per hectare, depending on irrigation conditions
and the number of shrubs planted per hectare.

Sources:

Fact Finding Mission on Biodiesel, 2005, Ing. Agr. Ec. Wilfried Dierickx

Ricardo Asturias, Biocombustibles de Guatemala

The Jatropha System, Reinhard K. Henning : http://www.bagani.de/, www.jatropha.de
Joachim Heller, Physic nut (Jatropha curcas L.)






