Accelerating Production of
Advanced Biofuels with
Industrial Biotech Breakthroughs
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Can Biotechnology Save Elthanol?
Wrong quesiion
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Can bict=shnolegy breakthroughs help us me=1the Renewable Fuesl Standard

on sshedulzand in a suslainable mannar whil=
halping us preduce more food for theworld ¥ Answar: YES




Why We Can't Afford for Biofuels to Eail;
Rising Global Energy Demand
o
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Biotechnology Breakthroughs
Improving Biofuels

» AGRICULTURAL BIOTECHNOLOGY
« Improving crep yields per unit of land
 Incraasing athanol production afficiency
+ Increasing hardiness and survival of
crops

+ Daveloping new dedicated anefgy crops




Biotechnology Breakthroughs
Improving Bioluels

s INDUSTRIAL BIOTECHNOLOGY

+ Improving conventionall ethanal
production

+ Enabling commarcial scale caliulesic
ethanol

» Developing bie-butanal

« Researching and developing renevable
hydrocarbons

Microbes and Fungi Found
in Nature--Used to Make
New Biotech -




One source of new cellulase 2nzymes

The Pacific Damp wood Tamits
Zooermopsis angustoo N

Cousmsy of S L emcihesiey; CaTer] Doy, S

Conventional Ethanol

Improvements
s More efficient grain fractionation
increases efficiancy and creates a new
cellulosic feadstock stream

s New biotech enzymaes for “no
cook” saccharification—increass
afficiancy and reduce energy inputs
and CO2 outputs

= Increases ethanol yield by 6% per
bushel of corn




Zom Depmalll
SaTn
For aatle f==d
J Advanced Fractionation
Hran Sir=am Ethaneol Unit
with Enzyme Cold “No-
l Cook” Fermentation

|'ﬁ:| Celluloalc B proceas|ng |

Enabling Cellulosic ¢~ um
Ethanol ;;.'"r@

s Cellulase enzymes are the key to callulesic
ethanol

enzymes are uced
) genetically enhame?ﬁdicmhesbgr GEMs

and they convert the tightly bonded
ars in cellulosic plant matter into
individual 5 carbon and & carbon sugars.

s Thése ars {glucose and xylose) ane
then available for fermentation to ethanol
or other ucts by other
micraorganisms.




Cellulase: Molecular Machine
for Energy Conversion
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Fermentation of =
Gellulosic Sugars %{

s Xylose {a 5 carbon sugar) is not readily
fermentable by commen industrial yeasts

s NREL and others developing new
organisms that can efficiently ferment 5
zarbon sugars o athanol or convert them
to other fuels

s Organisms also baing developad 1o o~
farmant 5 and 6 carbon sugars in one step




logen’s Pilot Plant in Canada

‘Wheat Straw Feadsiosk

logen
Planned Commercial Scale Unit
2008-2009

» Will use wheat straw as cellulosic
feedstock

= Plants to be located in Idahe &
Canada

s Scale of 50 to 100 million
gallons/yr




Abengoa Bioenergy
Facility in Spain

Cumently ungar constrution ko be complatad in mid- 2008

Abengoa Bioenergy
Salamanca, Spain

+ Will produce 5 million liters per year
(1.3 million gallons per year)

« Wheat straw feadstock

» Construction complete by mid-2008

» Biotech process not thermochemical




Abengoa Bioenergy
Planned Facility in Kansas
2007-2008

= 100 million gallon capacity
» 90 million gallons from corn starch
» 10 million gallons form wheat straw

= Will have energy island that utilizes
corn stover for boiler fueal

Beyond Ethanol-3'" Generation Biofuels
Longer Chain Alcohols and
Hydrocarbons
n Ivolves using microbes and synthelic biolegy

to build new microonganisms thak can produse
higher value compaunds for use 25
transportation fuels

Examples

w Amyris-modular design of metabolic pathiways

u LS9-combing genamics, proteomics and
synihatic biclogy

w Geve-butancl and other molecules
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Process overvien,  3EVO PTOCESS

Fusl and Chemical Blorednery

Bloprocessng Cherieal protaseing
_
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Retrofitofacorn dry millethanol plants Creates market options

Renewable Gasoline

= Involves using microbes and rapid

enzymatic pathway construction
techniques to build e mireonganismes
that can of produce higher vale
compounds {hydrocarbons) for use as
transportation fuels

Examples

» Amyris--modular design of metabolic
pathways

s L59-combing genomics, proteomics and
synithetic biology
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Renewable Gasoline

sugario
hydrocarbon
SONYE rsion
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=y malic G=n=tical
Ea:m\.'er: ion Enhanc=
osugars Mizrobes

Ren=wabl=
Eazcline

ACHIEVING SUSTATMARLE PRODUCTION

ol Agricullural Biomass Tor
Eiaralinery Faadaiock

12



Achieving Sustainable Production of
Agricultural Biomass for

Biorefinery feedstock

u Some Andimgs:

u Corn stover and careal straw are moat likely
cellulosic feedstodk in the near term due to high
per acre yields

s Corn farmers could supply over 200 million dirg
tons annually wikhin three ko five years

n Collackion of 30% of curment annual stkaver
production would yield 5 billion gallons of sthanol

s No-till may ba required on some farms te
Ernam ml fartility and allow for sustainable

Rentwaie Fuely 3tanderd Requiremsms

Reguires s e+ Bl o
Fi w
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History of Qil Refineries

Instructive for Biorefinery Development

1853 Lukasieuict was the Bt to distil kerasens fram seep ol

L

1858 -Pri refined product from petroleuss was erosens
which roplaced whale ol in the United States. (disruptive

1MH— “horveiees camianes™ peeded Fael,

iinﬂwﬂm«?ﬂl—mﬂrﬁuﬂﬂm ol
Tiroum & wanit Sonoammt OF Crule ol §

1913--Thanmal cracking then doubled the Elicimznfrm.h

ren kiee piet wh mAsmaidis domand:

199¥'s—Catalytic cracking added to refining «fficiancy

Todny—ooking, Theam uran alicybation, & mfarmi
Iudnmﬂh." ey ke %Qmm -
Lobtht e tLL RS Lllliw- 0 dhi-i LA vl ea ER IR e b oLk Lk

We Are Just at the Beginning
of the Biorefinery Joumey

Fully ini=grai=d
oil r=fin=ri=s

Petircb= um refine ri=s

K= ros=ne begins
10 r=placs= whal=ail
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Example of a Biorefinery—Blair,NE (Cargill Site)

Pringiph=s of
Industrial =sology

apphy

Biorefineries and Feedstocks
Will Evolve Over Time

[ FEEDSTOCK J

Agricultural Biomass
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Biotech Innovation is Accelerating
Evolution in Biofuels Development

» Improving starch to ethanol procasses

» Enabling callulosic ethanol processes

= Enabling new fuals—lilce butanol o be
preduced from carbohydrate feedstocks

s Enabling radical new rechnoliogy 1o
preduce renawable hydrocarbons from
ag feedstocks through the application of
synthetic genomics

s Preducing crop yield improvemants

» Developing new doedicated encrgy crops

Biotechnology Addresses Bioluels Contems

sEncrgy Balance

s 19708 = Fhanal st bost pel enes gy mautnel

+  Todewy - Com ethanol produces 1.4 unlls energy for every unit fossil

Impalf

v T ook tarbrakage will Ingrae

v Tornorrow - Colllashe > 5y rooam on foesll Pacstmand
wiForod & Fusd

+ BAlokech warleties have helped inoeass yielkds 30% since 19948

+ Mckinsmr & Go estimabs that =t this rabe the first 15 bl llon gallons (365
wewld Fegquire Rg addidong coim s

e 1 achyal okl shck of <ol froon Swidgrass (RNAS,
E]
' larilg WMﬁlﬁmrmmfa |Mrz
»  Blomees kil =stkon, ankeamess 814G profile:
sRFE
» Blokech b2 raphdly ITnprmIng cofrsardkornad S| pRodutom

v Colhukozic srd obher 2acond genersiion Blobials sfe moying 1o merkok
g Faster tham preaicied

v Third genarsiion Bixlds coming Soom
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Bio BlOfuels

s Dot Smart

Thank you

17



