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Unlocking the magic of nature



Novozymes

1st and 2Md generation bioethanol production
Progress to date on enzymes for biomass utilization
Novozymes future path
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World leader in Industrial Enzymes & Microorganisms

2005 Sales ~$1.0 billion USD

More than 4,000 employees

More than 600 products sold in 130 countries 2005 Global Market Share

More than 4,300 active patents
12-13% of sales invested in R&D Danisco

Others

Main production in USA, China and Denmark

BASF

DSM

Novozymes

Total market value 2005: $2.25 billion USD

Source: Novozymes'’ estimate 2005
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W Biomass
O Starch

_|@Sugarcane

Global Fuel Ethanol
Growth by Substrate

novozymesa.‘@’

i 1 iy Iri- jﬂ"@j’ A :'.- .
\_/\_/ # '.' I-u.-ll?: *-':‘ *:T% I. & __;;_ .- ! =I
! _._{'._l' " '-. %) 1111 ‘*—*M i : s

Fuel Ethanol growth will
be dominated by
sugarcane and starch
through 2020.

Biomass takes over as
starch and sugar become
scarce.

Unless a breakthrough
happens...
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« 2nd generation bioethanol will prove to be a very attractive
replacement for gasoline for economic reasons as well as
sustainability reasons*

* The 15t generation bioethanol market must be established in order to
facilitate (logistics, filling stations etc) the transition towards 2"
generation bioethanol

* Novozymes is committed to be the innovation engine in both 1st and
2"d generation bioethanol production

*JRC/Concave/Eucar "Well-to-Wheel”( 2005)
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@ Biomass

Enzymes

m Depreciation of
capital

m Total

Cellulose Cellulose
2001 2004

Caveats: Nth plant estimate, washed substrate, low (13%) solids
loadings, efficient C5 fermentation, no capital depreciation for required
enzyme production expansion!
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~2X reduction in enzyme loading

PCS hydrolysis to glucose

& T. reesei, 1X
B Z broth, 1X
A T. reesel + Z broth mixed 1:1, 0.5X

10 15 20
Time (hr)
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Cellulase enzyme loading reduced ~2X by addition of Ta 61A i
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61A Is a putative metalloprotein with the
ability to enhance digestion of
lignocellulose

61A does not appear to be a hydrolase,
but increases the hydrolysis of
lignocellulose by cellulases
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Technical Challenges of Diversity!
 Process scenarios

* Feedstocks variability

* Pretreatments

 Fermentation organisms

One example:

A lower capital cost pretreatment that does not
solubilize hemicellulose
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Digestion of arabinoxylan (AX):

A representative substrate for determining
the potential to reduce enzyme cost for
hemicellulose hydrolysis

Currently hemicellulases are significantly
more expensive than cellulases!
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Ferulic acid esterase
o-L-arabinofuranosidaszse

Acetyl xylan esterase endo-p-1 4-xylanase

fylosidase
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sDiscovered a synergy in digestion of AX when
using Celluclast 1.5L and Ultraflow

*Cloned and expressed the specific enzymes
Involved

A minimal enzyme mixture tailored to different
arabinoxylan substrates decreased the
required enzyme dosing by 14-27 fold
compared to current best available mix
(Celluclast 1.5L /Ultraflo 50:50)
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 There is no current market for biomass-to-
ethanol enzymes, but we are developing
enzymes based on reasonable scenarios

gy
%“#;‘”‘_ » We are working collaboratively with
= ek selected partners
i - "
S T

« But there remain significant technical and
economic challenges for cellulosic ethanol
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Feedstock

Selection-collection-
storage

Broad Spectrum of
viable Options

Infrastructure reqg’d
Ease of pretreatment
Critical cost factors:

collection cost
(density)

e
oy

Pretreatment

Physical disruption
Thermochemical

Many candidates-
No clear winner

Toxicity of
byproducts to
hydrolysis
/fermentation

Critical cost factors:

il
L 5
it - 3
ol =
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=
kY

capital cost
digestibility
yield of C5 sugars

fermentability

*NZ estimates = $0.47-0.93/gal
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Enzyme

Hydrolysis

~$0.13-$0.18/Gal
*(NREL process
economic model /
Metric)

Co-Location
Requirement?

Major Capital
investment req’d

Hydrolysate
tolerance

Critical cost factors:

TR 1 =

1-1

||_. l.|

es0lved— Jmac 'rf:-; 'JJme e

Products
Co-Products

Fermentation

C6 & C5 Conversion Critical cost factors:

Concentration
Hydrolysate :
tolerance Purity
Value

Critical cost factors:

enzyme loading
enzyme price
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ethanol yield

For Novezymes:

Further enzyme
Improvement

Enzyme scale-up
Reduction in capital costs
Reduction in risk
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Feedstock MMPretreatment _ Fermentation @ roducts
Hydrolysis

Novel
. organisms
QiocompatibilitD.(V'SCosny) Recovery
Enzyme cost
dose Solids
level

plant capital cost

Co-Products

Xylan
hydrolysis

subsidies
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Grain Processors Pulp & Paper &
Ethanol Plants Forest Industry

Oil Companies Engineering

Companies

Novozymes
Biomass-2- Energy Companies
Ethanol

Municipal Solid
Waste Companies

Technology
Government Institutes

Automobile Agricultural
Manufacturers Industry
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Develop technology to produce
ethanol from mixed distillers grain
and corn stover. Novozymes
participating as enzyme developer
and supplier for demonstration
plant in York, Nebraska

Additional U.S. collaborations
are in the works
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The consumption of fuels in China
has increased significantly and the
Chinese government has put more
focus on sustainable energy —
especially biofuels

1st generation products will not
grow strongly —China imports corn
and cereals for food

Focus is on 2nd generation biofuels

Novozymes and CRAC (China
Resources Alcohol Corporation) are
working on a joint project for
developing 2nd generation
bioethanol

Maongolia
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"% Thailand
©1997 MAGELLAN Geographixs | '
(B05) 685-3100 www.maps com L
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«Significant reductions in enzyme cost for biomass utilization have
been achieved, and work will continue

*\\Ve are optimistic that process cost reductions can be achieved
with integration of pretreatment, hydrolysis, and fermentation

Commercialization efforts are underway with selected partners

*Future efforts will include development of enzymes for alternative
pretreatments

«Government support for R&D, pilot, and demonstration plants is
necessary and should continue to the maximum extent possible
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« Sarah A. Teter, Aubrey Jones, Connie

Ward
» Paul Harris, Kimberly Brown, William eifzie] Niaveas, Jir MeMilley
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« Sandra T. Merino, Malcolm Johal,
Suchindra Maiyuran

« Randy M. Berka, Elena Bashkirava,
Jennifer Greenier, W. David Dotson

» Michael Rey, Alfredo LLopez De:l.eon,
Elizabeth Zaretsky, Jiong Zhao .

 Michael Lamsa, Jung Han, Yi, Ana L.
Fidantsef, Brian Gorre-Clancy
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Ed Re

* Hanne Risbjerg Sgrensen
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