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Current Biofuels Situation

Oils - Biodiesel Sugars/Starches — Ethanol

Sweet

Sorghﬁm

Traditional Fermentation
and Distillation

Perception (not always reality) of incompatibility with fueling infrastructure.

Oxygentated fuels which have a lower energy density than petroleum. Nonetheless, both have
proven valuable as an addition to the fuel supply.

Current process technologies produce fuels which are not applicable in certain segments such as
aviation fuel.

Sustainability issues continue to plague the industry.
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Presentation Notes
Biodiesel has proven in operational tests not to significantly reduce power output due to lubricity and high cetane number.



Gasoline requires an oxygenate additive to reduce air pollution, and ethanol is invaluable as a clean oxygenate additive.
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Next Generation Feedstock and
Processing

" Natural Oils - Distillates

Commodity

wall Hydrotreating

Camelina,
Jatropha,

“New” Ois Prime Examples

- UOP EcoRefining and Green Jet

- Neste NExBTL Process

- GE

Halophytes - Energy and Environmental Research Center
(EERC) and University of North Dakota

Algae
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Next Generation Feedstock and

Processing

Biomass — Gasoline and

Thermo-
chemical
Conversion

Hydrolysis
to
Produce
Sugars
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Biomass – Ag Waste, Forest Waste, 
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Biomass Potential for Palm

Palm industry has caught the attention of
researchers due to its high biomass yield.

— Shell, Fiber and EFB represent over 80 million tons
of biomass yearly.

— Palm Fronds represent over 45 million tons of
biomass per year. After replanting, trunks could
be as much as 10 million tons per year.

— Currently only about 10% of the biomass is used
commercially (though most is used as part of
integrated plantation management).

— Biomass is already centralized



Jatropha Overview
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Jatropha — Present and Future Scale

Scale of Jatropha plantations 2008-2015 (ha)

12.8 Mio.

4.72 Mio.

936,000

2008 2010 2015

» Largest plantations <20k hectares
* Most <2 years old

*» Seed more valuable for planting. No
commercial oil production.

* Large contiguous plantations now underway

« Qut-grower networks will play central role in
scaling industry

Source: GEXSI Global Market Study on Jatropha Final Report to WWF
May 8, 2008

» GEXSI study finds only 1.2% of lands with
competitive food production
» Study finds only .3% of plantings were

previously primary forest, only 5% secondary
forest
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Barriers to Scaling of Jatropha Industry
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Jatropha doesn’t » Jatropha is a perennial — difficult

. to license
attract significant ||| o back period

R&D investment e Little interest from VC markets

» 1 worker per hectare

Jatropha is labor * Restricts development to LDC’s

intensive « Mechanization is near-term
solution

e Tissue culture difficult and
Lack of abundant, genetic improvement immature

v good genetic material ¢ Homogenous, high-yield genetic

\ materials rare
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So Many Unknowns:

1. Cultivation

— Open Ponds, Photobiorez
Fermentation, some sort

2. Harvesting

- — Biomass Recovery, Dewa
3. Oil Extraction .
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alvent Extraction, Supercritica

e piece that is actually

logy play?
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Harvesting

Biomass Recovery: Flocculation, Froth Flotation, Centrifugation, Microfiltration

Dewatering: Draining Tank, Mechanical Press

Drying: Drum Dryer, Solar Dryer, Rotary Dryer, Spray Dryer



Oil Extraction: Enzymatic Extraction, Sonication, Cavitation, Osmotic Shock, Chemical Hydrolysis
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Petroleum Refining Margins
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Medicines
Dyes
Specialty resins

Olefins
Polymers

Intermediate Chemicals

Profit Margins

Lubricants

Fuels

=

Volume of Output
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Steps to Algae Production...

PN

Value Chain
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Algae Industry Today Restricted to High-Value Niche Markets

Fuel Scale Production will Flood These Markets 

Robust Co-Product Platform is Essential to Viability

50-80% of Algae is Biomass: Waste, or Value Stream?

Biopolymers

Intermediate Chemicals

Fuels a High-Volume, Low-Margin Business

Cost Barriers Exist at Every Point of Production Chain

Solutions: Life Sciences, Chemical Engineering, Materials Breakthroughs, Systems Optimizations
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Halophyte Overview

T Potential Integration
Salt Water with Aquaculture

* Aguaculture effluent to

I rri gati O n provide irrigation and

fertilizer to halophytes

Halophytes

G C—

Desert Land




Camelina Production Potential in U.S.
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Commercialization Timeline

MENT
TEGIC

= rrm

|
R

Bio-
Synthetic
Cellulosic
Camelina Jatropha Fuels
3-5 years 4-7 years 10-15 years

- - - - - -

Cellulosic Halophytes Algae
Ethanol 8-10 years 10-20 years
3-5 years

Successful commercialization assumes oil is at or above $80 per barrel
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Thank You

Brian Young
brian@elementstrategic.com
(206) 437-2611
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Special thanks to Evan Smith of Verno Systems Inc. for help
with this presentation.
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