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ABOUT THE EBI

GOAL:

sustainable second generation
feedstock and biofuel business

IP Belongs to the Universities.

DIRECTOR:
Chris Somerville (Berkeley)
DEPUTY DIRECTOR:
Steve Long (lllinois)
ASSOCIATE DIRECTOR:
Paul Willems (BP Group)
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Proprietary R&D

Roadmap

Why fuels from crops?

What is the ideal biomass
crop?

Performance of Miscanthus and
switchgrass. Basis of differences

Miscanthus and potential biofuel
production.




HOW GOOD IS THE INFORMATION *J

Arguments against biofuels from
crops.

* Photosynthetic efficiency too low -
0.1% suggested.

* Not enough land, will cause starvation.
* Not enough water
- Not sustainable.

*+ Invasive
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Why is high yield
the critical factor?

‘Less land.

*Greater adoption in
vicinity of plant.

Shorter ftransport
distances.

Prairie, Steppe and Savanna f" -
perennial grasses are sus'ramab!e‘,{*“(\
cropped or burned annually,

late carbon in the ‘,}3 il
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NITROGEN USE EFFICIENCY THEORY

C4 Perennial Rhizomatous

Grasses
The Best of Both Worlds?
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THEORETICAL EFFICIENCY OF
PHOTOSYNTHESIS
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From Zhu, Long & Ort (2008)
6.0% Current Opinion in Biotechnology
2008, 19:153-159

The “Ideal” Biomass Crop? Maize | SRC|C4PRG

C4 photosynthesis * *

Long canopy duration *

Recycles nutrients to roots

Clean burning

Low input *

Sterile - non-invasive N/A

Winter standing *

Easily removed *

High water use efficiency

No known pests/diseases

b b b S A 2 A

Uses existing farm equipment *




Roadmap

Why fuels from crops?
What is the ideal biomass crop?
Performance of Miscanthus and

switchgrass.

Food vs. Fuel

MISCANTHUS AND BRACHYPODIUM *,

From Lawrence & Walbot
Plant Cell 19, 2091

Inter-specific hybri-
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“Triploid”
2n=3x=57

STERILE

— stipa

— Nasselia

— Piptatherum
— Brachypodium

Pooideae

» Miscanthus
sequence 97%
homologous to S.
officinarum

»88% homologous to
Z. mays

»71% homologous to
F. brownii

Efficient Radiation Capture

\ \Tuly4 004




Western Blot Analysis

M. x
giganteus  Z. mays
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s LA
emonstration plot of Miscanthus x giganteus'ju
Jefore harvest, winter 2003. Winter harvest has 4
advantage of a very low moisture content in the
iomass and allows provides employment for farm
“equipment that would otherwise be idle at this time

of year.

LIGHT INTERCEPTION BY MISCANTHUS AND MAIZE'*"
CHAMPAIGN, ILLINOIS. ¥

2007 Miscanthus and Maize Light Interception Efficiency
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Harvesting Equipment

Winter cutting (followed by baling)
of demonstration plot of
Miscanthus x giganteus at the
South Farms, University of Illinois,
Urbana, early 2004.




—_. \  Expected Miscanthus
= | VYields in Illinois

- 11 - 18 tons/acre
Predicted using :

+ agro - climatic computer
model (Clifton-Brown et
al. 2000)

and

+ IL State Water Survey
climate data 1996-1999

BELOW GROUND BIOMASS — MISCANTHUS AND

SWITCHGRASS 5 YEARS AFTER PLANTING

2008-2007 Below-ground biomass between
0 and 25cm Depth in Urbana, IL
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Genomic-Directed Improvement of ‘
Feedstocks

Sequence the Miscanthus transcriptome
and obtain draft genome sequences

Develop genome-scale expression
profiling platforms to identify
candidate genes associated with
biomass yield, quality, and
sustainability

Assess genetic diversity to assist

development of appropriate
populations for genetic improvement

Identlfy molecular markers for high-

Researchers: Stephen Moose density genetlc mapping, ani
Matthew Hudson associate marker genotypes with
Ray Ming ghenotypes that contribute to
Dan Rokhsar (UC-Berkeley & JGI/LBNL) lomass yield and composition

Assemble information into an integrated
bioinformatics system to facilifate
nvestigations of gene structure and
ynction

WHY DOES PRODUCTIVITY MATTER?

Harvestable % 2006
Dry Mha needed for | harvested
Biomass Ethanol 133 billion us
Feedstock (t/ha) (liters/ha) |liters of ethanol| cropland
Corn grain 10.1 3,830 35 24.4
Corn stover 6.71 2,554 52 37.2
Corn Total 17.5 6,640 20 14.8
Prairie mix 3.8 1,447 92 72.5
Switchgrass 12.5 4,767 28 22.0
Miscanthus 29,11 11,066 12 9.3
Source: Heaton, Dohleman & Long (GCB submitted)

Comparative History

Fuel Crops
Development

2005

12,000-8000 BP 1973

First agriculture ail
Embargo




Storage facilty for farm ecuipment
a0 balesd feedstocks

| Artists impression of the 340 acre "Open-air Feedstock

Center” of the EBI_which will be part of the UIUC Energy F.

Roadmap

Food vs. Fuel

Tissue Culture and Plant Regeneration

Jack Widholm, Crop Sciences
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How much water?
» 10 gkPatkg'=0.1tha'kPa!mm!

e 1000 mm at 1.0 kPa would allow 100 t ha*
— (assumes all water available)

* 500 mm at 4.0 kPa would allow 12.5 t hat

Percent of Land in Farms by County: 254
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From: US Geological Survey - http://biology.usgs.gov/luhna/chap2.html




Population: 1990

Sugarcane
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« Miscanthus yields: 40 dry tons/ha feasible
« 400 liters of ethanol / dry ton = 16000 liters/ha

* 40 M out of 200 M ha => ~640 B liters / year of ethanol

« US consumption (2004) = 780 B liters ethanol equivalent
(excludes diesel)

Agave spp.
Semi-arid
Mexico

5-10 t/ha

ALTERATION % Increase in g; Speculated
relative to current  time horizon
value. (years)
Improved canopy 10% (0-40%) 0-10
architecture

Rubisco with decreased 30% (5-60%) >20
oxygenase activity
C4 photosynthesis 12% (2-35%) >30

engineered into C3 crops

Increased rate of recovery 15% (6-40%) 5
from photoprotection of
photosynthesis

Introduction of higher 22% (17-30%) 5-10
catalytic rate foreign forms
of Rubisco
Altered allocation of 40% (0-60%) 0-5

resources within the
photosynthetic apparatus




Arguments against biofuels from
crops.

» Photosynthetic efficien
0.1% suggested.

EBI PROGRAMS

FEEDSTOCK PRODUCTION/ AGRONOMY PROGRAM
Tom Voigt

ENGINEERING SOLUTIONS FOR BIOMASS
FEEDSTOCK PRODUCTION

K.C.Ting

BIOFUEL ECONOMIC AND ENVIRONMENTAL IMPACTS
Madhu Khanna

ENVIRONMENTAL IMPACT AND SUSTAINABILITY OF
FEEDSTOCK PRODUCTION

Evan Delucia

ASSESSING IMPACT OF INSECT PESTS AND PLANT
PATHOGENS ON BIOMASS PRODUCTION

Michael Gray

GENOMIC-DIRECTED IMPROVEMENT OF
FEEDSTOCKS

Stephen Moose

BIOFUELS LAW AND REGULATION

Jay Kesan

ENGINEERING ENZYMES AND DISCOVERY OF ENZYMES TO
METABOLIC PATHWAYS TO DEGRADE DEGRADE PLANT CELL WALL
PLANT CELL WALL LIGNOCELLULOSE LIGNOCELLULOSE

John Gerlt {emnc Cann-

fusing the petroleum and
agricultural value chains

Petroleum Value Chain:

Exploratinnl -I Production | -i Transponl ‘l Refining | -I Blending |
-—)

Agricultural Value Chain: t

Germplasm | ‘I Cultivation | " Harvest | -l Processl —DI Distribution |

Biofuels Value Chain:

Cultivation

Decouple, by using non-crop land and residues

Harvest/ —) D
Transport

*Species rillace -Optimal catchment *Blends
. /Morphology ~ *Planting «In-field processing & e sAdditves

| Development <Fertilizer (.9., pelletizing) -M-cvot?lal engineering  «Distribution
+Chemistry Water “Transport energetics T /ant integration +Engine mods
Unnatural products ~ *Pest cunlrp\ -Storage / optimization
«Stress tolerance +Crop rotation WWakte lilizaton -Co-productg_ .
« | Bio-overhead Sustainability *Role of gasification

~Safety




