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Outline

• Novozymes
• 1st and 2nd generation bioethanol production
• Progress to date on enzymes for biomass utilization
• Novozymes future path



Slide No. 3

Novozymes?Novozymes?

Source: Novozymes’ estimate 2005

Total market value 2005: $2.25 billion USD

Others 

Novozymes 

DSM

Danisco

6%6%

20%20% 25%25%

45%45%

4%4%BASF 

• World leader in Industrial Enzymes & Microorganisms

• 2005 Sales ~$1.0 billion USD 

• More than 4,000 employees

• Main production in USA, China and Denmark 

• More than 600 products sold in 130 countries 

• More than 4,300 active patents 

• 12-13% of sales invested in R&D

2005 Global Market Share
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Ethanol Production:Ethanol Production:
Technology EvolutionTechnology Evolution
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Growth of Bioethanol: NZ ViewGrowth of Bioethanol: NZ View

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…

Source: 
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1st1st generation bioethanol versus generation bioethanol versus 
2nd2nd generation bioethanolgeneration bioethanol

• 2nd generation bioethanol will prove to be a very attractive 
replacement for gasoline for economic reasons as well as 
sustainability reasons*

• The 1st generation bioethanol market must be established in order to 
facilitate (logistics, filling stations etc) the transition towards 2nd

generation bioethanol

• Novozymes is committed to be the innovation engine in both 1st and 
2nd generation bioethanol production

*JRC/Concave/Eucar ”Well-to-Wheel”( 2005)
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LabLab--scale results toscale results to--datedate
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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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Enzyme improvementEnzyme improvement

Hydrolysis 50g Lot 3 NREL PCS hydrolysis ~168 hr
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Fungal proteins that work synergistically with Fungal proteins that work synergistically with T. reesei T. reesei cellulasecellulase
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Hydrolysis 50g PCS lot 4,  50ºC hydrolysis 166hr 
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A new protein that boosts cellulase activityA new protein that boosts cellulase activity

61A is a putative 61A is a putative metalloproteinmetalloprotein with the with the 
ability to enhance digestion of ability to enhance digestion of 
lignocellulose lignocellulose 

61A does not appear to be a hydrolase, 61A does not appear to be a hydrolase, 
but increases the hydrolysis of but increases the hydrolysis of 
lignocellulose by cellulaseslignocellulose by cellulases
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Challenges for enzyme supplyChallenges for enzyme supply
Technical Challenges of Diversity!Technical Challenges of Diversity!
•• Process scenariosProcess scenarios
•• Feedstocks variabilityFeedstocks variability
•• PretreatmentsPretreatments
•• Fermentation organismsFermentation organisms

One example: One example: 

A lower capital cost pretreatment that does not A lower capital cost pretreatment that does not 
solubilizesolubilize hemicellulosehemicellulose
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Improved enzyme mixtures for nonImproved enzyme mixtures for non--acid pretreatmentsacid pretreatments

Digestion of arabinoxylan (AX):Digestion of arabinoxylan (AX):
A representative substrate for determining A representative substrate for determining 
the potential to reduce enzyme cost for the potential to reduce enzyme cost for 
hemicellulosehemicellulose hydrolysishydrolysis

Currently Currently hemicellulaseshemicellulases are significantly are significantly 
more expensive than cellulases!more expensive than cellulases!
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Arabinoxylan degrading enzyme activitiesArabinoxylan degrading enzyme activities
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Improved hemicellulase enzyme mixturesImproved hemicellulase enzyme mixtures

••Discovered a synergy in digestion of AX when Discovered a synergy in digestion of AX when 
using Celluclast 1.5L and using Celluclast 1.5L and UltraflowUltraflow

••Cloned and expressed the specific enzymes Cloned and expressed the specific enzymes 
involvedinvolved

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

•• We are working collaboratively with We are working collaboratively with 
selected partners selected partners 

•• But there remain significant technical and But there remain significant technical and 
economic challenges for cellulosic ethanoleconomic challenges for cellulosic ethanol
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SelectionSelection--collectioncollection--
storagestorage

Broad Spectrum of Broad Spectrum of 
viable Optionsviable Options

Infrastructure Infrastructure reqreq’’dd

Ease of pretreatmentEase of pretreatment

Critical cost factors:Critical cost factors:
collection costcollection cost

(density)(density)

Feedstock Pretreatment Enzyme
Hydrolysis

Products
Co-Products

Fermentation

Physical disruptionPhysical disruption

ThermochemicalThermochemical

Many candidatesMany candidates--
No clear winnerNo clear winner

Toxicity of Toxicity of 
byproducts to byproducts to 
hydrolysis hydrolysis 
/fermentation/fermentation

Critical cost factors:Critical cost factors:
capital cost capital cost 
digestibility       digestibility       
yield of C5 sugarsyield of C5 sugars

fermentabilityfermentability

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

CoCo--Location Location 
Requirement? Requirement? 

Major Capital Major Capital 
investment  investment  reqreq’’dd

HydrolysateHydrolysate
tolerancetolerance

Critical cost factors: Critical cost factors: 
enzyme loading enzyme loading 
enzyme priceenzyme price

C6 & C5 ConversionC6 & C5 Conversion

HydrolysateHydrolysate
tolerancetolerance

Critical cost factors: Critical cost factors: 
ethanol yieldethanol yield

Critical cost factors:Critical cost factors:
ConcentrationConcentration
PurityPurity
ValueValue

Many challenges remain to be solved Many challenges remain to be solved –– Integration!Integration!

For Novozymes:For Novozymes:
Further enzyme Further enzyme 
improvementimprovement
Enzyme scaleEnzyme scale--up up 
Reduction in capital costs Reduction in capital costs 
Reduction in riskReduction in risk

*NZ estimates = $0.47-0.93/gal
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The total process view: Developments in one area The total process view: Developments in one area 
can impact other areascan impact other areas
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NovozymesNovozymes’’ PartnersPartners

Novozymes Novozymes 
BiomassBiomass--22--

EthanolEthanol
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Pulp & Paper & Pulp & Paper & 
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InstitutesInstitutesGovernmentGovernment

Agricultural Agricultural 
IndustryIndustry

Automobile Automobile 
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Energy CompaniesEnergy Companies
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Novozymes Future EffortsNovozymes Future Efforts
in Enzymes for Biomass Utilizationin Enzymes for Biomass Utilization

•• Application in Abengoa Bioenergy ProjectApplication in Abengoa Bioenergy Project

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

Additional U.S. collaborations 
are in the works
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The CRAC Collaboration in ChinaThe CRAC Collaboration in China

• 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
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ConclusionsConclusions
••Significant reductions in enzyme cost for biomass utilization haSignificant reductions in enzyme cost for biomass utilization have ve 
been achieved, and work will continuebeen achieved, and work will continue

••We are optimistic that process cost reductions can be achieved We are optimistic that process cost reductions can be achieved 
with integration of pretreatment, hydrolysis, and fermentationwith integration of pretreatment, hydrolysis, and fermentation

••Commercialization efforts are underway with selected partnersCommercialization efforts are underway with selected partners

••Future efforts will include development of enzymes for alternatiFuture efforts will include development of enzymes for alternative ve 
pretreatmentspretreatments

••Government support for R&D, pilot, and demonstration plants is Government support for R&D, pilot, and demonstration plants is 
necessary and should continue to the maximum extent possiblenecessary and should continue to the maximum extent possible
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With many thanks to the many participants!With many thanks to the many participants!

•• Sarah A. Sarah A. TeterTeter, Aubrey Jones, Connie , Aubrey Jones, Connie 
Ward Ward 

•• Paul HarrisPaul Harris, Kimberly Brown, William , Kimberly Brown, William 
AlbanoAlbano

•• Sandra T. MerinoSandra T. Merino, Malcolm , Malcolm JohalJohal, , 
SuchindraSuchindra MaiyuranMaiyuran

•• Randy M. Randy M. BerkaBerka, Elena , Elena BashkirovaBashkirova, , 
Jennifer Jennifer GreenierGreenier, W. David Dotson , W. David Dotson 

•• Michael Michael ReyRey, Alfredo Lopez De Leon, , Alfredo Lopez De Leon, 
Elizabeth Elizabeth ZaretskyZaretsky, , JiongJiong Zhao Zhao 

•• Michael Michael LamsaLamsa,, Jung Han Yi, Ana L. Jung Han Yi, Ana L. 
FidantsefFidantsef, Brian , Brian GorreGorre--Clancy Clancy 

•• Feng XuFeng Xu, Elena , Elena VlasenkoVlasenko, Hanshu , Hanshu 
Ding, James Langston, K.C. McFarland, Ding, James Langston, K.C. McFarland, 
Ed ReEd Re

•• Hanne Hanne RisbjergRisbjerg SSøørensenrensen

Rafael Nieves, Jim McMillan, Nancy Rafael Nieves, Jim McMillan, Nancy 
Dowe, Kelly IbsenDowe, Kelly Ibsen

Doug Doug KaempfKaempf, Amy Miranda, Larry , Amy Miranda, Larry 
Russo Russo 


	A strategy for developing novel enzymes for biofuel production
	Outline
	Novozymes?
	Ethanol Production:Technology Evolution
	Growth of Bioethanol: NZ View
	1st generation bioethanol versus 2nd generation bioethanol
	Enzyme improvement
	Fungal proteins that work synergistically with T. reesei  cellulase
	Challenges for enzyme supply
	Arabinoxylan degrading enzyme activities
	The total process view: Developments in one area can impact other areas
	Novozymes’ Partners
	The CRAC Collaboration in China
	With many thanks to the many participants!

