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Discovering "Big Idea” Ventures

“This could be the discovery of the century. Depending,
of course, on how far down it goes.”



1st Generation Biofuels

CO, =) Biomass (corn, cane) === Sugars

Fuels (ethanol)



Exploring the Adjacent Possible

« Venturing towards more Renewable Energy

Mascoma - Biomass to Ethanol
LS9 - Sugars to Biodiesel
Midori - Biomass to Sugars
Joule - CO, to Liquid Fuels

Midori

CO, == Biomass === Sugars

Mascoma
JOU|€\ ‘ / LS9

Fuels (ethanol, diesel)



Mascoma: Stepwise Improvements to Biomass Processing
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SHE: Separate hydrolysis & fermentation

SSF': Simultaneous saccharification & fermentation

SSCEF': Simultaneous saccharification & co-fermentation

CBP

CBP: Consolidated bioprocessing




Simple Efficient Processes
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Engineered Microbial Catalyst -
Industrial Synthetic Biology

. Select target product

. Validate product & process
economics and feasibility

Design synthetic pathwa
J y P y Feedstock — A — B — Product

Gene Gene Gene

. Collect and evaluate genes 1 2 3

. Compile components into
organism

L 4

. Optimize organism



Automated Biological Engineering
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Midori Process Overview
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Midorl

Water — HENEREE

* Biomass and water are converted to sugars and boiler fuel in a simple,
scalable process

* Midori’s patented chemical catalyst is 100% recovered and reused internally
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The Challenge: Meeting Global Chemicals/Fuels Demands

in Spite of ...
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Opportunity

With the potential for
unlimited supply
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Without depleting
agricultural land or fresh water

At costs that beat all fossil
and renewable alternatives

JOULE™
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Joule’s Helioculture™ Platform Allows Modular Scale-up to

OULE™
1,000s of Acres J

Non-Potable . . ;
Engineered Photosynthetic Organism

4

Production Facility

JOULE

Helioculture™ Technology
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Higher Land Productivities Possible Compared to

Biomass-Dependent Processes - ~1bbl/acre/day
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90+ % of CO, consumed is directly and continuously
converted into product via photosynthesis
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Max Practical Average Annual Solar Radiation

Photon Utilization Efficiency Translates to Areal Productivity

Direct, continuous process enables high productivities

Converted to Product (MJ/m?/year)
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A new dawn for industrial photosynthesis
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