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U.S. Presidential Commitment to Ambitious Biofuels
Goals

» Cost-competitive cellulosic ethanol” by 2012
©“20in 10"
* Reduce U.S. gasoline® use by 20% by 2017 through...

+ 15% reduction from new Allernative Fuels Standard at
35 billion gallons/year

+ 5% reduction from enhanced efficiency standards (CAFE)
# 30 in 30"
+ Longer-term DOE biofuels goal
* Ramp up the production of biofuels to 60 billion gallons
+ Displace 30% of U.S. gasoline consumption* by 2030

e FY08 Office of Biomass Program budget request of $179 million: house
and senate marks exceed $240 million

* light-duty vehicles only
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T BT e § ~ R & g ~ DME ~ Fischer-Tropsh liquid % -

AR AL A BT e

The Biomass Program is working on two major o
routes to produce biofuels

Biofuels » Options for Conversion and Refining

Using the four major feedstocks there are multiple pathways to create
transportation fuels (and other liquid & gaseous fuels).

Physio-
Chemical
Conversion

Thermochemical
Conversion

Biological
Conversion’

Feedstock

Anaerobic
& Refining of sugars L then dagEsI::on,

fter

Conversion 5 Cellulose-to- Gasification/ ; Trans-
onv Fermentation srugas l:yml:;x; & sten bt ot
processing pgrading Hydrogenation

Primary ¢ Fischer-Tropsch s
Energy liquids Biodiesel
Products * Mixed alcohols'

* DME*

» Hydrogen (via » Ethanol®
reforming) * Methanol
* Hydrogen
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Biochemical Processes ﬂ
Feedstock
Collection and Amylases Hexose Utilizing
Delivery Microbe
' ! STARCH
Gralp Masr.'nng Glu PROCESS
Pre-processing Using/ Al Su
Jet Cooking,
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and Enzymes

Themochemical
“eng -
Using Acid Cellulases Hexose and Pentose
or Alkali Utilizing Microbe

Cellulose Mix
Conditioning HySﬂ;Wsus Bg)m
sing ug
Enzymes Fermen STOVER
PROCESS
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The Promise of Second Generation Biofuels

Private fuel suppliers and oil companies are investing heavily
in “second generation” biofuels

e British Petroleum is pursuing lignocellulosic feedstock, energy crops,
plant maodification and advanced conversion methods.

e Chevron is emphasizing ethanol blends for GEN 1 biofuels, primarily
corn-based, with advanced processing for GEN 2 fuels.

e Amyris Biotechnologies has a proprietary technology to develop
hydrocarbon biofuels.

e Conoco Phillips, is producing a diesel fuel substitute using agricultural
and forestry residues, including animal, vegetable and waste oils.

e Neste Oil has a renewable diesel derived from vegetable oils or
animals fats.

BT R LA R PR R L AR T A
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Cellulosic Ethanol Forecast
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® Government legislation and incentives
® Food vs. Fuel
® Environmental Benefits
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strove, bagasse, rice straw, energy corps’ #f* & F 4 —4-mill
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I]:> e hanol Municipal waste ¢

Physlcal /chemical disruption, size reduction,
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UOP = & %

. . . novozymes
Many challenges remain to be solved — integration! Y e mor
Enzyme . Products
Feedstock Pre-treatmen C Fermentation
hydrolysis co-products

ﬁele{gmon-1 Physical disruption | ~ ysp 0.13 Ce&Cs Critical cost factors:
collection-slorage Thermo-chamical 0.18/Gal (NREL conversion Cancentration

Broad spectrum of process economic Purity
viable options Many candidates- model/metric) Hydrolysate ol

Infrastructure no clear winner tolerance aue
regu\red fore. Toxicity of by- r’gc‘]jjl?;?’lt‘ecnﬂt’? Critical cost factors:

ase of pre- products to Ethanol yield
treatment hydrolysis Major capital

/fermentation investment
required

Critical cost factors: . Hydrolysate
ensles == Critical cost factors:

Collection cost tolerance

(Density)

Capital cost
Digestibility

Yield of C5 sugars
Fermentability

NZ estimates = $0.47-0.93/gal

2

f

Enzyme loading

Enzyme price

Critical cost factors:

5 e

NP B h

SUESEE I

o Jatropha ° lignocellulosic biomass, algal oil %

i e
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A Honaywell Company

UOP Vision
Fuel Additives | Blends

Ethanol | Biodlesell Diesel

UOP’s Bio-Fuels Technology Goals

Identify and utilize processing, composition, and infrastructure
synergies to lower capital investment, minimize value chain
disruptions, and reduce investment risk.

Inedible Oils: Jatropha

Generation 1 Generation 2

g5 ¥
* Vegetable oils to diesel, I l + Lignocellulosic biomass

petrol and jet fuel to fuels
« Algal oils to fuels

- ¢ 54 (green diesel ) vt fE%

X

A Honeywell Company

Green Diesel vs. Biodiesel (FAME)

Veg Oill
Methanol ’ Grease \ Hydrogen

Biodiesel (FAME) |

+ Glycerol + Propane
Biodiesel
Petro-Diesel (FAME) Green Diesel
NOx Emission Baseline +10 -10to 0
Cetane 40-55 50-65 75-90
Cold Flow Properties Baseline Poor Excellent
Oxidative Stability Baseline Poor Excellent

= Green diesel can be transported via pipeline and used in
existing automotive fleet
- UOP/Eni Ecofining™ for green diesel production
commercial start-up in 2009

10
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UOP Biomass Processing Routes
Feed Process Product
Methanol ‘ [l
= Biodiesel Biodiesel
Vegetable oil — Glycerol

— Green Diesel
Vegetable O|I
Upgradlng Green Jet

Green Gasoline

Vegetable Oll

Vegetable Oil m———————p
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Economics require conversion of
cellulose and hemicellulose

Gal/ODT*
Yo %o % hemi- GalloDT* (hemi-
lignin cellulose  cellulose {cellulose) callulose) Total

“theoretical using 0.51 g ethanal / g sugar

Mendel = & $F&cif ol ihde 110 — & 3 Rdeo™ & 9777 o 1B 2R ik

AR T A R oo

{ High Yield (>15 tons/acre/year)
~ 20% of 25 mi radius = 300M gal/year
{ Low Input (fertilizer, water, tillage, pesticides)
{ High conversion efficiency
{ Sustainable
{ Stable quality from year to year

AARE > I EV N LN A TN TBE o d 2 ATE

12



FEB I gl TLAEASEERAST AR OHF o ATORERE
A OB 2 2 IREBTHBR AL R AP ERE T RAOATE 52
AR XFE T EAFEE A BT B P EXIFERFIT-
A& iR AR E )’I‘ui@#“i—# 2 LA 2

P EFH T RiED cWRAFDRKERIRE BB F FUIEHE
s BERFASFRES g {17 GFET L LOTRE 2T L
fReA S S E B AR o B B R AL (Fh Aot KRB R § B
B0 TR 2T ARRESF PP 0 ¢ 45 % B h Cargill Dow
Cornopol ~ Dupont ~ Metabolix > #% #& = 4] 31 Nova Mont » %48 & ¢
BASF » 4. % & Monsanto » 12 % A p & &7 Mitsui Chemicals ¢2
Shimadzu % o % # 827 35 RenTFlF 2 - > FHITHLH - 2 4
A KRBT fRAE RO RARY

SRS EFEAE A Lipase s 0 MF A i A 2
W ooZgpae mENLDILEZ py g Higal @ Lipase ££ T2 (&
W E ) BB AR R R IEEE  FEA B AT
AR R PEE R R IR = L B enF it Lipase 0 ¥ & kg E i
AEd A A S REEMEE G LT o AR REBR L LA

Fend A oo Mt 2004 & 200 W GiEBE O Ha F R A RRE S o

13



2 E e R R £ 570 2006# 12 7 8 P B hoadk (o
AR D DR €7 RASH R EEAL - oy 0

it - BP A FfROE FREE o B E K i 2 13-propanediol
(1,3-PDO) s E 5 4 2 B b 4 & - 47 (793 2 - 1,3-PDO & -
Wit # B ] 7 2 terephthalate acid(TPA)+ F & » 7)<
polytrimethylene terephthalate(PTT) o PTT $#& PET £ 3 A%t i o
13-PDO 7 ¥ d it &% it 82 2 glig e dh BAp g § o GldeE BN
FRFZAERE -BRTEF oL RREIFTLL > 27 BFRIRIFH
AN e FREEEE > F RIFEERE o R T2 PR DT
MPE L o FELHL £ 2003 E KA Y0 AT REEL A
1,3-PDO sivigZe 1 H-plid > 2 &2 e R v i 99.92% - R & Rl S b
- SRS B2 & 5 o B0 MRS > 2006 £ 62 0 £ A 2
Fepent R4 AP0 hizg P oo Fp3t 2008 £ B A4 A o

Frend 2 ¥ & f244 4140 polylactic acid(PLA), polyhydroxy
alkanoates(PHAS) > S a2 X" - ks 2 * 8 hv FHRE > EBird w2
e A RMHEER KPR E TR A B G E o 3 LR N R
ez R AR AR F ME o NE RO E O BRTHAR LAY 0 £ H 2

F AL S MR ART PSS G R E P o

14
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ETHANOL GASOLINE

BIODIESEL DIESEL/JET FUEL

76, 330 116, 090
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BTU/GAL
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The Promise of Algae!

135,000
L/ hector-yr

Algas
Chinese talow
oi pam
coconut
awocado
Brazil nuts
jmropha
rapesesd

peanuts

Crop

cocoa
sunflow ers
fung oi
SESaATE
mustard

coranoer
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(4) FEs’ < RERADT T8 s L ASP AR 2 R
ERDA(Energy Research and Development Administration) ¥
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o £33 % % < 8T Algae Raceway Production
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(5) ASP~ ¥jsflcife s A ain= 257 - Bl LA £

$40~$70/bbl o0il (Benemann and Oswald , 1996)

(z) S@E 5o v i siadr > e P daifrd o d Mok d 20
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qj:-..as-_ Where are the challenges?

Sun Nutrients Water

\ | / De-watering methods Prﬂcesslnptimizalinn
Lipid extraction Eﬂﬁ‘{ acué DLF(E:JEES
.| Algal Purification osfs an
0, c “-g i Land Costs, energy input Fuel characteristics
dftivation Environmental issues Energy density

Value from residual biomass ~ Garbon numbers

Photobioreactor design .

Capital and operating costs g{ggﬁigmm

;&lmperatlt,lre tr?ntrfcnll_ Qil (Lipid) Consistency
aline water chemisries " .

Makeup water (evaporation) Recwew Egdm?ﬁg;ﬁﬂum

CO, availability and transport ASQFM stan dagrd

Nutrient requirements

Starting species

Growth rate FUE|.

Oil content & FA profile Production

Robustness

Resistance to invasion
Biofouling in closed systems
Nutrient induction requirement

Environmental impact, containment
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Current Competitive Standards for
Fermentation not yet Viable

Three primary organisms being developed for SSF

- (1) Saccharomyces cerevisiae and other yeasts (Lund U., Chalmers, ETH,
Biocentrum, Purdue, BIRD, others)

- (2) Zymonomas mobilis (NREL/Dupont)
- (3) E. coli (Verenium)
All suffer from multiple deficiencies scaled industrial process:
- Inability to effectively and simultaneously use all pentose sugars
Ethanol sensitivity
Low volume productivity
Acetate inhibition
Inhibition by pretreatment hydrolysate components (all)
Robustness of large-scale fermentation
Disposal of resultant biomass/little value added

An organism is needed that can address these deficiencies, using multiple
feedstocks under robust industrial-scale processes
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The next steps in cellulosic ethanol
= Four years before commercially viable production process

= Enzymes:
= Scale-up is to take place
= Evaluation of enzyme production set-ups
= Further improvements in enzyme performance

Biomass —» — Fuel ethanol

Recovery
distillation

/B Enzymel

/ hydralysis

= Business model clarity to be established

= Integration of process steps

= Reduction in capital costs

» More flexible pilot plants using a wide feedstock range

= Continued governmental support

Going forward requires (“thinking outside the bo>

-Convert ethanaol to make
-Condense ethanol to n-butanol

-Dehy ethanol to blogasoline - ETG or iso-butanol

MTG sxperience

Limited sugar, starch,
fats and oils

Gasily biomass for syngas Infrastructure
to make biogasoline, incompatibility,
renewable diesel, higher limitations

aleohols, F-T hydrocarbons

Hydrocrack fats and
oils to hydrocarbons
in oll refineries

athanal, FAME are “Inconvaniant
leverage IGCC, GTL, BTL

-Ganatically modify crops for higher yislds

“Use sugars from cellulose crops, wood, waste biomass,
Ferment 5”?"’ to MSW, etc., olls from Jatropha, algae, etc.
h . 1o t

¥ ¥
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Depth of Experience
Expertise developing enzymes for cellulosic ethanol

CELLULOSIC ENZYMES INTEGRATED CORN NEW ZEALAND BAGASSE
FROM TERMITE GUTS

BIOFUELS CONVERSION

MI HI( AN \MIE

. sclon + syngenta

* Thousand of species - Candidate enzyme + Focus on NZ wood - Candidate enzymes
sampled cocktail for corn biomass identified

* Hundreds of new stover meets DOE + Gov't funding/support - Focus on Brazil and
cellulases sequenced performance targets for energy Southeastern U.S.
& patented = DuPont has rights to independence - VRNM

« JGI working under license enzyme +  Exclusive within NZ (fermentation); SYT
VRNM license cocktail (transgenic)

(metagenomics)

=

CHR AR CEL A RS B BER AR AR

B DI RE IR RS ARCRIE c A P ERA O F & (T4 R

CHER R E R 0 A R E ARG H B F AR SRR
4 A T IR E RAE ER i &k iR il
BA- B8R

26



s 2

T FRFe R R AREAE 2 RR B s A A p e
1y PR FEATRER SN AP Y o 3 BN A TR T o - KR
Bloh S g it v 2 FTRGRE S AT R e g it RO E o e nFP
TG LR AT R B R FP AR R 4
FropRlensti R ot 2 B LR B F e g Y
PeyE o R RELY R E B eE AR EFY RPN LALT
PR S kLR T F o P R IR 0 MR A A E BT

F aw o

27



