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Challenge: Prohibitive Pretreatment and
Enzyme Costs

LIGNIN and Hemicellulose: The > $750 Million obstacle
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Challenge: Prohibitive Pretreatment and
Enzyme Costs

LIGNIN and Hemicellulose: The > $750 Million obstacle
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Novel Protein Reduces Lignin and
Increases Ethanol Yield
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Technology Development Stage: Proven In
Populus and Arabidopsis
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Technology Leadership

Why is this technology unique?

* The target protein isoform has not been characterized in any biological system.

* The first demonstration of a carbon-gating function between 3 critical pathways in
any plant systems using a single gene-target.

* No biomass vield penalty under production conditions

What are the performance indicators that show that this new technology works
better than the existing technology and methods?

* Enhanced ethanol yield (up to 250% increase)

* Reduced energy and capital costs by reducing pretreatment severity (up to 30%
reduction in materials costs).

* Reduced enzyme costs (more than 300% reduction).




Comparable technology
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Research and Development Plan

Describe the proposed technical research and development plan, including approach,
milestones and deliverables.

« Validation in Arabidopsis (model plant)

« Validation in Rice (model for monocots) ]

 Validation in Medicago (model for forage)

| 1Q15 | 2Qi15 [ 3Q15 | 4Q15 |

What are the key challengers that must be overcome for the technology to have the
anticipated impact?

» Deliverable 1: Demonstrate reduced expression of PAL and TAL genes and enhanced
expression of the AS gene in target crops.

» Deliverable 2: Demonstrate viability of progeny and inheritance of gene requlatory
activities. I




Commercialization Plan: Clean Energy
Opportunities
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Applications — Target Customers -
Current Practice

Application Target Customers Current Practice
Description

Application 1 BioFuels / Pulping List Below Severe pretreatment

Millions of
gallons/year

Volumes and launch dates as

nnnnnnnn d by the respective
6 20 1 4 1 3 companies as of 7/12
2 5 E{Pfﬂght M&G-Chemtex  Inbicon M&G-Chemtex
Lau n’ch' 2013 North Carolina Denmark Italy
Poet : Launch: 2014 Launch: 2009  Launch: 2013
lowa, USA

Launch: 2013

i)
Dupont CE
lowa, USA
Launch: 2013

25

Abengoa
Kansas, USA
Launch: 2013

KiOR
Mississippi, USA
Launch: 2012

15

COFCO/
SINOPEC

China
Launch: 2013
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8 4 013

INEOS > Petrobras Abengoa #
Florida, USA 4 Brazil Spain /
Launch: 2013 Launch: 2013 Launch: 2009 S (AT

Total projected capacity ~155 M gally



Other Applications

_ Application Description Target Customers

Application 2 Forage digestibility Agricultural Biotechnology Sector
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Competitive Differentiation

Technology Feature ORNL Chemical Mechanical
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Contact Information

Principle Investigator

Wellington Muchero
(865) 576-0223
mucherow@ornl.gov

Tumor regulation

Commercialization Manger

Jennifer Caldwell
(865) 574-4180
caldwelljt@ornl.gov

Symbiotic interactions

Pathogen resistance
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