





Comparing Next Next Gen Fuels



Drilling Down on Bio-Butanol

4 carbon alcohol

* Close to energy content of gasoline

* Hydrophobic (non corrosive)

* Low vapor pressure

* 11% blends approved by US EPA

 B100 can be burned with no changes to auto

 First likely commercial plant 2010
(BP/DuPont/British Sugar)






Drilling Down on Algae

PROS

10x to 100x more oil per acre than any
other plant

Greater than 50% oil/by weight
C16-C18 hydrocarbon chains

Easily converted to biodiesel by
transesterification

Use marginal, non-arable land
Use salt water
Don't compete with food sources

Simultaneously removes CO2 from the
atmosphere

Can also produce carbohydrates for
conversion to gasoline substitutes

CONS

Correct species selection is difficult
Seed libraries hard to preserve
Poorly understood life cycle,
physiology and genetics

Hard to grow consistently -
Temperature, pH, mass transfer
limitations

Qil often accumulates under nutrient
deficiency, which stops cell division

Open raceway systems are cost
effective, but subject to contamination

Photo-bioreactors are subject to bio-
fouling and sunlight limitations

Complicated, costly and varying unit
operations for de-watering, oil
extraction and purification



Algae Growing in Open Raceways






The Holy Grail — Systems Biology Routes to
Synthetic Gasoline & Diesel

« DuPont proved petroleum could be replaced with
renewable materials at commercial scale. Zemea
branded (Bio-PDO), expected to be the first $billion non
pharma biotech product

« Amyris Biotechnologies is working on the first synthetic
diesel from renewable sugarcane. (Crystalsev, a large
Brazilian sugar distributor has made available 2MM Tons
crushing capacity)



Final Thoughts

* Biofuels are a near term fix to a complex
problem. We have billions invested in fuel
infrastructure and in the car park.

* Reliable electric cars are not far away.
However, they are still cars and will not lessen
US traffic or associated health problems.

« Two Thirds of all trips made in autos are less
than 2 miles in length. For these a zero emission
vehicles exists. It's called a bicycle.





