VAT . DOES IT TAKE TO
"EED \ D FUEL THE

. Washington D.C., Dec 2010



Global food and nutritic
pressure; emerging econ

Technology has vast p(')
demands for food and nu
issues of sustainable energy

Genetic intensity coupled wit

crop is key to i ing produ

Cost of bringi
to escalate -
critical

A science-bas
regulatory and
Agric ein
farm losses ha




MLSCF Portfolio

rm (isobutanol); potential extensions
(n-butanol); cellulosic focused
cessing platform

in - CO2 captu
la - Food and wellness ingredients

as separations

atin - Designer Chromosomes, feedstock
leanTech - Cellulosic sugars (via BLSCF III)
il - Advance Oil Recovery Technologies

'm Glori

- Segetis - Ketal Chemistry for next gen
- monomers/oligo/polymers

@ Mascoma - Consolidated Cellulosic processing



10-Cellulose

50-80% of costs
Related to feedstock cost

Biocatalyst
Thermal

Chemical

Electricity
Biofuels/platform chemicals
Methane/HCs
Alcohols
FAEs
Hydrogen
Monomers/Polymers
Olefins
Organic acids
Specialty ingredients
Cosmetics/Food/Feed
Wellness/Health



GONtribution of major regions to
crop production
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xpected production increases over
he next ten years - 15 to 50%
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WY I rack Record since 1960

A

Main grains (wheat, barley,
maize, rice, oats)

Coarse grains
(millet, sorghum)

Root crops
(cassava, potato)

Relative production
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H. C.J. Godfray et al., Science 327, 812-818 (2010)




Feeding the Future: Not Enough Land

Growing food and raising livestack for 6.8 billion peaple require land equal in size to
South America. By 2050 another Brazil’s worth of area will be needed, using traditional

Soybeaas T

farming; that much arable land does not exist.
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J. M. Alston et al., Science 325,1209-1210 (2009) 9.5 billion people
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~ Doing more with less is an imperative, not a choice!
Gains in Labor, Land, Natural Resource Productivity declining!
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Source: Rabo bank
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Palm Productivity

Drought — affects 50% of acres, an ~
$8B loss p.a in corn
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sub jed for 17 d two weeks after transplantation
icient to confer tolerance to nearly all intolerant
I~U fold yleld increase) Abdel Ismail and Dave Mackill, IRRI
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Ine Water Agriculture taking roots
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N. V. Fedoroff et al., Science 327, 833-834 (2010)



itrogen Responsiveness
Critical Trait

US Farm Production Expenditures

M Chemicals (SM)

B Fertiizer (SM)

2006 2007 2008

Source: USDA-NASS
(http://www.nass.usda.gov/Charts_and_Maps/Farm_Production_Expenditures/maj_exp.asp)



ey Features:

- Increasing Harvestable Yield

- Reducing Foot Print

- Improving Consistency

- Products likely commercial around
2012/4




Significant potential for Yield &
stainability Enhancement

Better seed delivers results

« Actual Breeding Plus Cultural Practice Gain:
« Corn Yields Continue to Advance, Tremendous Gains Made Over Last Ten Years
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Corn Yield Varies Tremendously by Country

Corn Hectares

(Million)
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... Creating a Significant Opportunity for enhancement
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ighificant food is wasted in developing
economies

Developing
countries

0% 50% 100%

M On-farm B Transport and processing

" Retail M Food Service  [! Home and municipal

H. C.J. Godfray et al., Science 327, 812-818 (2010)



Sequenced

and Bioinform

Arabidopsis thaliana | 125 million

Rice 390 million 37,544
Sorghum 736 million ?
Maize 2500 50,000
million
Poplar 480 million 32,000

1800 ?
million

Palm

Several photosynt

: L4,
"T't .| :J
Arabidopsis Rice Poplar Palm

thaliana



Plant breeding:

.

A Phenotype

Based breeding to

Genotype Breeding
Facilitated by Genomic
Information

. cultivated rice

ss environments is

cultivated tomato

S
.

— H. annuus modern varieties
® 4 annuus land races

" H annuus wild accessions

" Other wild species (section Helianth

Courtesy: Steve Tanksley




Jarnessing Hidden Alleles

Finding the Hidden Genes -- Fast Growth Alleles from Slow
Growing Wild Tomatoes
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Significant Potential Exists to Boost the Productivity of Biomass and
Transform Biomass to Better Fuels - - Corn the Model Grass
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The Potential
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Lion of Feedstock and
- Products
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ortunities for Crop Improvement

Nutrient content & quality

Indicators of stress;

] stress tolerance
Pest resistance

light response/efficiency
- Duration of Photosynthesis
More crop

Per drop Shelf life

Nutrient response

Modified from E. Pennisi Science 327, 802-803 (2010)



Sugarcane is the most efficient biomass crop and most competitive biofuel
option — at this time!

Ethanol Production Learning Curve in Brazil

m?)

US$0.16/ It

Log of Production Cost (US$/

6.8 7,0 7,3 75 7.8 8,0 8,3 8,5 8,8

Log of Ethanol Cumulative Production (m?)

Sugarcane Sugarbeet Potato

There is still room to improve
i The choice of the crop — depends on the region!
2006 Data

Brazil



RUSBIA
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Energy output / fossil energy input Energy Balance Mineral loss per ton of crop (kg) N K,O0s K,0
Sugarcane (Brazil) 8.3
SUzarbect (ED) 1.9 Sugarcane 1 0.1 2
Corn (US) 1.3-1.8 Sugar beet 5 1-2 5-6
Wheat (Canada) 1.2
Sweet Sorghum 0.9 0.9 1.3
Fossil-Fuels 0.8
Sweet Sorghum (Shapouri, USDA) 8.0* Corn 10 4 &
* Estimate from Hosein Shapouri at USDA, assumes manual harvest. . . . .
Source: Grassi, “Bioethanol - Industrial world perspectives”. 2002
Source: ICRISAT, “Sweet sorghum for food and fuel”. August 2007




Oleaginous Crops -
Considerations
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Sunflower " Peanut oil Castor oil

(45-55% oil) (40-50%) (45-55%)

800Kg/ha 900Kg/ha 1200Kg/ha to
4400 Kg/ha

Palm oil Castor needs consideration as a

(35-45%) crop for US - removal of ricin;

5900 Kg/ha allergens; yield and oil

Cultivation enhancements; oil modification

potential in

usli

Source: modified from LADETEL/USP
- ABIOVE



pculture in US is largely in the
Midwestern States

Major uses of land in the United States, 2002 Corn and soybean acres

L]
v

Million acres
2,500

Urban land
Miscellaneous land

Special uses

f ’.‘. 1‘, I,'\-l
\ ] iy X "f' e
Forest-use land y N R ‘3‘:.,.
-
*}

Grassland pasture and rang
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s Com for grain
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MNote: Land for special use includes roads, parks, and recreational areas. :
Source: USDA/ERS Major Land Uses database. Source: USDA/NASS, 2002 Agricultural Census.

+ Soybeans for beans

Corn Ethanol is mostly a Midwestern Industry!




Water & Energy - Interlinked
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Average
Natural gas + transportation
Coal mining + washing
Coal + slurry pipeline
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nancing Innovation
ife Sciences investments - $320 B
Tech investments - $10 B

sts for bringing new chemistry in
duction Ag - $300 M

sts for biotech traits - $100 M
ation of research - 10-15 years!

= Food industry’s innovation is process or
presentation research



onflicting Visions!

R

Source: Science; C. Leaver




Vultiple Opportunities and
- Options



