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Background

Current wotld diesel consumption is about 1087 billion litres p.a. Biodiesel currently accounts for
0.4% of the total, but this is increasing due to mandated targets in Europe. Europe currently accesses
much of its biodiesel from palm oil. However palm oil has poor “cold flow” properties (high
viscosity when cold). Preferred so-called “soft” oils have good cold flow properties. Poppy seed oil is
a soft oil composed of 12% palmitic (16:0), 19% oleic (18:1) and 56% linoleic (18:2) fatty acids.
Unmodified poppyseed oil biodiesel would blend well with diesel in Europe.

Afghanistan is very dependent on imported fuel, not least to power many thousands of local
electrical generators. Shortages are frequent and power stoppages very disruptive to the economy.
Village-scale biodiesel processing is available technology. Poppyseed biodiesel would be a carbon-
neutral energy source, produced and processed in very many localities in Afghanistan and becoming
the foundation of a major export industry, especially into the rapidly expanding European market.
The business model might involve villages jointly owning the production, crushing and biodiesel
processing equipment.

Poppy seed yields are already impressive, being about 1.8 tonnes/ha seed (cf. 2.4 for canola). The oil
content is exceptional at 45-50% oil content per unit seed weight (cf. 40% in canola). Poppy yields
about 0.8 tonnes oil per ha. The area sown to illegal poppy in Afghanistan in 2004 was 131,000 ha.
This is less than 2% of the arable land and therefore could be greatly expanded when the crop
becomes legalized. Even the 2004 crop would have produced 100,000 tonnes of oil, equivalent to
2.5% of current world biodiesel consumption.

We are proposing three phases of conversion of the Afghan poppy crops into a legal and
internationally valued agribusiness.

* Phase 1. Biodiesel from poppy seed oil using opium-less, opiate-less poppy varieties.

* Phase 2. Higher value high oleic poppy biodiesel, using metabolically engineered poppies.

* Phase 3 (optional and contingent). Industrial products using poppies as a production platform.

Poppy is an adaptable crop, able to tolerate the extremes of environment in Afghanistan and able to
grow where most crops fail. Furthermore Afghan farmers have a long history of poppy cultivation
and are already expert in poppy agriculture. Consequently the shift to a legal poppy crop would
require little initial cultural shift, and would be motivated by potential increased profitability, the
attraction of participation in a legal and supported agribusiness, and the potential to alleviate pressing
local and national energy and fuel needs.

For Phase 1, we propose making available to growers a mutant poppy that produces no opium (latex
resin) and does not accumulate opiates. Such a mutant has already been produced at CSIR Lucknow
India, called Sujata. As part of the process of creating a legal agribusiness the new varieties would
come with the support of agronomists and breeders to improve productivity and sustainability of the
industry. Investment would be required in the pressing and processing equipment and expertise. The
deployment of Sujata detived vatieties would displace the opium poppies and begin to have an effect
on the supply of heroin wotldwide. The deployed opium-less mutants would be readily distinguished
from the opium poppies. We suspect that a thorough market and pricing analysis will show that
growers would return more per hectare from the poppyseed than for the opium. There are



opportunities for use of most of the waste stream e.g. poppy straw for ethanol fuel (and one of the
catalysts for the biodiesel transesterification process); potassium sulphate fertilizer; protein “meal”
by-product from the seed as food and feed supplement. After the protein meal, the biggest waste
stream is glycerol which quickly exceeds uses such as for soap manufacture. Some biodiesel plants
are using glycerol mixed with some biodiesel to burn in electrical generators to power the plant.

Phase 2 would involve adding value to the oil by changing it to a high oleic acid (monounsaturated)
oil. Oleic acid oil is ideal for biodiesel because it is “soft” but also resists oxidation to polymer
particles in hot engines. High oleic poppyseed oil is readily achievable through genetic modification.
CSIRO is expert at oilseed modification (1-6) and has produced high oleic oils in soybean, canola,
flax and cottonseed. CSIRO is expert at poppy transformation and biotechnology (7-13). The high
oleic gene technology should be readily transferable to poppy. These oils are also the most healthy if
some of the oil is diverted for food.

Phase 3 is an optional future phase whereby value is added to the crop by using it as a platform for
the production of higher value products such as specialist industrial oils or polymers. Although
oilseeds have advantages for production and purification of pharmaceutical proteins, such as
antibodies and enzymes, it is unlikely in the foreseeable future that Afghanistan would achieve the
level of identity preservation and stewardship required for this.

CSIRO Technical Feasibility Project

Minimal Funding.

A twelve month technical feasibility study would require a Technical Officer (100%), Dr Larkin
(10%) and estimated funding of A$ 265,850. The tasks to be undertaken would establish the
feasibility of both Phases 1 and 2 and would include:

e The genetics and chemistry of Sujata opium-less poppy.
Gain access for research purposes.
Do crosses and determine the genetic control of the trait.
Produce seed and determine oil composition relative to normal poppy.

e Test genetic transformation efficiency of the Sujata poppy
Transform with test genes.

e Pilot production of biodiesel from Poppyseed
Obtain 500 kg poppy seed.
Crush and extract oil (outsourced)
Process to biodiesel by transesterification (outsourced to CSIRO Molecular Health Technology
in 250 or 500 L batches).
Test the qualities of the biodiesel (outsourced e.g. T&S Lab Services, Sydney).

Desired Funding

If funding was at the level of A$ 424,400. We would employ a Technical Officer (100%), Technical

Assistant (100%) and Dr Larkin (10%). In addition to the tasks above, we would:

e Confirm that the available seed-specific gene promoters work in Sujata poppy.

e Isolate and sequence target poppy genes for the high oleic oil modification, namely A12-
desaturase and FATB thioesterase



Scoping Activity by Others

It is envisaged that in parallel others (Tenix, Sandia or SDSU??) would undertake the scoping of
possibilities in Afghanistan including:

1. Political support in Afghanistan for poppy biodiesel.

2. Biodiesel processing options best suited to the Afghan environment and conditions.

3. The scale of production and processing plants required for different localities in Afghanistan.

4. Exploration of market scope, both local and export.
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