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A Comprehensive and Invaluable Guide to the Cellulosic Ethanol Industry

If you are an entrepreneur or investor exploring cellulosic ethanol, the
Comprehensive Cellulosic Ethanol Report is a must-read for you - it gives
you a complete picture of the cellulosic ethanol industry and clearly helps
you understand the key processes, critical parameters, industry drivers and
market dynamics.

The cellulosic ethanol industry is in its infancy. Everyday, one gets to hear about new
technologies and new promises. Amongst the emerging biofuel feedstocks and
technologies that could power the world of transportation in future, cellulosic ethanol is
one of the most important.

Cellulosic ethanol started a few years back as a North American phenomenon, but has
now spread to many other parts of the world. Companies and investors in Europe, Asia
and South America are today as interested in cellulosic ethanol as those in the US and
Canada.

Entrepreneurs and would-be investors have a need to get a clearer understanding of the
cellulosic ethanol industry, in terms of the real prospects for and potential of cellulosic
ethanol, the critical bottlenecks that are preventing the industry from achieving its
potential, aspects to be considered before venturing into this industry and the steps to
be taken and costs involved for the same to enter this industry.

The Comprehensive Cellulosic Ethanol Report was prepared precisely to cater to this
need for a clear, balanced and comprehensive guide about this important emerging
business opportunity. The report has a special emphasis on providing inputs and insights
on questions that are critical to entrepreneurs and investors keen on exploring this
industry.

Readers will especially benefit from real world inputs and insights on the following
aspects:

Process Routes and Technologies

Real World Status of Cellulosic Ethanol Projects
Investments & Returns

Business Strategies for Success
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Future trends to evaluate this opportunity against other energy-related
opportunities

Written with a clear focus on assisting entrepreneurs with investment decisions and
business strategy, and providing key inputs and insights on technology, processes and
dynamics driving this industry, the Comprehensive Cellulosic Ethanol Report is an
invaluable guide to those wishing to understand the Cellulosic Ethanol industry.
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Why should you buy the Comprehensive Cellulosic Ethanol Report?

2. It provides critical inputs and expert intelligence on one of the most exciting renewable

energy sources.

4. It has a special emphasis on providing real-life case studies, data and inputs. These will

be useful for those interested in investing or starting a business in this field.

6. Itinforms you of the precise status of cellulosic ethanol efforts

8. It has been developed by BioZio (www.BioZio.com), the leading resource for

information on biofuels and plant-based products.
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1.0 Introduction

The first generation biofuel feedstocks had distinct disadvantages and
bottlenecks — they created a food vs. fuel dilemma, did significant damage to the
ecology, and presented problems in scalability to large-scale production levels.
The second generation biofuels overcome most of the problems present in the
first generation feedstocks. This chapter provides an introduction to second
generation biofuels, with a specific focus on cellulosic ethanol, and provides
insights on why cellulosic ethanol is superior to starch ethanol.

Key sections

1.1 Introduction to the Biofuel Industry
1.1.1 Biodiesel
1.1.2 First, Second and Third Generation Biodiesel Feedstock
1.1.3 Ethanol
1.1.4 First and Second Generation Ethanol Feedstock
1.1.5 First- Vs. Second-Generation Biofuels
1.2 Conventional Ethanol
Why Cellulosic Ethanol
1.3 Growth of Cellulosic Ethanol Industry
1.3.1 Cellulosic Ethanol Production - Current Status
1.3.2 Cellulosic Ethanol Production — Future Projections
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Why Cellulosic Ethanol

In addition to the usual benefits for biofuels, the other features that make cellulosic ethanol
attractive are:

Plentiful feedstock - The raw material, cellulosic biomass, is available on a large scale, does
not include food crops, and is cost-competitive with petroleum on both as energy and a mass
basis.

Lower water and pesticides requirements - Less water, fertilizer, and pesticides are required
for the production of cellulosic feedstocks

Adequate land availability for feedstocks - Cellulosic feedstock could be grown on non arable
land or be produced from integrated crops, which could considerably increase land
availability.

Steady improvement in process and technology - The technology to convert cellulosic
biomass to ethanol is steadily improving, and it also has the potential to be cost-competitive
with gasoline production.

This chapter provides a clear view of cellulosic ethanol, how it differs
from conventional ethanol and its importance.
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Growth of Cellulosic Ethanol Industry
Cellulosic Ethanol Plants in the US
Operating pilot plants

Company Location Capacity* Feedstock

AE Biofuels Montana 0.15 Corn, corn stover
KL Energy Corp Wyoming 1.5 Wood

Poet S. Dakota 0.02 Corn cobs
Verenium Louisiana 1.4 Bagasse

Commercial scale plants not yet open

Abengoa Bioenergy Kansas 30 Biomass

BlueFire Mecca Llc Calif 17 Green waste

Colusa Biomass Calif 12.5 Rice hulls

Gulf Coast Energy Florida 25 Woody biomass
Mascoma Corp Michigan 40 Woody biomass

Poet lowa 25 Corn cobs, stover
Range Fuels Georgia 20 Woody biomass

US Envirofuels LLC Florida 20 Sorghum, sugar cane
Verenium-BP Florida 36 Energy cane, sorghum

Pilot, or pre-commercial plants, not yet open

Abengoa Nebraska 10 Corn stover

BlueFire Calif 3.2 Green landfill waste
Citrus Energy Llc Florida 4 Citrus waste

Clemson University S. Carolina 10 Wood waste, algae
Coskata Pennsylvania 0.04 Woody biomass, waste
Dupont Danisco Tennessee 0.25 Switchgrass, stover
Ecofin Llc Kentucky 1 Corn cobs

Fulcrum Nevada 10.5 Municipal waste
GulfCoast Energy Alabama 0.4 Wood Waste
Flambeau River Wisconsin 6 Forest, paper waste
ICM Inc Missouri 1.5 Switchgrass, sorghum
KL Energy Corp Colorado 5 Wood pellets

Liberty Industries Florida 7 Forest waste
NewPage Wisconsin 5.5 Woody biomass
Pacific Ethanol Oregon 2.7 Wheat straw, poplar
PureVision Colorado 2 Corn stalks

RSE Pulp & Chem Maine 2.2 Woody biomass
SunOpta Minnesota 10 Corn stover, waste
University of Florida Florida 2 Bagasse

West Biofuels Calif 0.18 Wood chips

*all capacity in million gallons per year  Sources: Biotechnology Industry Organization, individual companies

The current status of cellulosic ethanol industry and its future
potential are briefed in this section of the chapter.
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2.0 Cellulosic Ethanol Feedstock

Feedstock availability is one of the key aspects that will determine the viability of
cellulosic ethanol production. If cellulosic ethanol production is to scale to levels
that can make a significant impact on reducing fossil fuel use, it is imperative
that cellulosic biomass feedstocks are available on a large-scale at low costs. This
chapter provides critical inputs that will enable an analysis of the supply
situation of cellulosic feedstocks worldwide.

Key sections

2.1 Introduction
2.2 Major Feedstock for Cellulosic Ethanol
2.3 Cellulosic Ethanol Feedstock Properties
2.3.1 Cellulosic Ethanol Energy Content
2.3.2 Composition of Cellulosic Ethanol Feedstocks
2.3.3 Inorganic Content in Cellulosic Feedstock
2.3.4 Length of Cellulose Fibers
2.3.5 Density of Cellulosic Feedstock
2.4 Cellulosic Ethanol Yield
2.4.1 Theoretical Yields per Dry Ton for Commonly Considered Biomass
Feedstock
2.4.2 Yield from Energy Crops
2.5 Advantages and Disadvantages of Different Cellulosic Ethanol Feedstocks
Agricultural Residues
Wood fibers
Energy Crops
Municipal Waste
2.6 Availability of Cellulosic Ethanol Feedstock
2.6.1 Current Cellulosic Ethanol Feedstock Availability
2.6.2 Projected Future Availability of Feedstock
2.6.3 Cellulosic Supply Projections within Study Price Ranges
2.7 Land Requirements for Biofuel Production
2.8 Commercial Cellulosic Ethanol Feedstock Used in Major Companies
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Yield from Energy Crops

Below table shows the theoretical yield of biomass per acre

Energy Crops Yield Per Acre (in dry tons) Location
Bambusa Edulis 26.4 UsS, Taiwan
Switchgrass 17.0 us
Giant Miscanthus 19.6 us, EU
Guinea Grass 9.7-20.6 Japan, Puerto Rico
Poplar 6.1-8.9 us, EU
Eucalyptus 8.0-14.1 Australia, Hawaii
White Birch 3.0-4.5 Japan
Willow 7.7-8.3 Sweden
Japanese Oedar 2.8-4.0 Japan

Source: STFC and Monthly Market Review, Ethanol Statistics, Mar 2008

This section provides detas on the yields for the cellulosic ethanol
industry z yields of cellulosic biomass
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Cellulosic Supply Projections within Study Price Ranges

Data are presented for feedstock availability for select countries, assuming cellulosic feedstock
price range of $0-100/MT

Cellulosic Supply Projections within Study Price Ranges (2017 Baseline Case)

Cellulosic Potential from Selected Sources and Countries ¢ Estimated Quantity within Price

Range (2017 Baseline)
Feedstock Price Range(2005 USS per Recoverable Amount (MMT)
dry MT)

Palm Oil Waste 1 2
Sugarcane Bagasse 8-17 188
Wood Mill Residues 18-36 11
Fuel wood 13-50 154
Wheat Straw 39-52 17
Corn Stover 39-52 40
Soybean residues 39-52 0
Forestry Harvest Residues 39-52 25
Perennials 50-100 52
Total 488

Source: ORNL Biofuel Feedstock Assessment, February 2008
Note: Countries studied are Argentina, Brazil, Canada, China, Columbia, India, Mexico and the Caribbean
Basin Initiative (CBI)

This sectionof the report provides current and future availability of feedstock
In select countries, country wise supply of the feedstock and estimated
cellulosicfeedstock availability within the range of costs assumed.
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3.0 Production Methods of Cellulosic Ethanol

There are two primary routes for the production of cellulosic ethanol —
biochemical and thermochemical routes. The biochemical route relies primarily
on the use of enzymes and other microorganisms, and the thermochemical route
relies on the application of heat and chemical synthesis. Both routes have their
advantages and disadvantages. A number of innovations are being attempted
for both these routes, and the success of these innovations will be critical to the
success of cellulosic ethanol in the marketplace. This chapter provides extensive
details on each of the production routes and the latest updates on the
innovations and breakthroughs along the entire cellulosic ethanol production
value chain.

Key Sections

3.1 Introduction
3.2 Cellulosic Ethanol Production Value Chain
3.3 Primary Methods at Refinery to Produce Cellulosic Ethanol
3.3.1 Biochemical Conversion Process
3.3.1.1 Pre-treatment
3.3.1.2 Hydrolysis
Acid Hydrolysis
Dilute Acid Hydrolysis
Advantages & Disadvantages of Dilute-Acid Process
Concentrated Acid Hydrolysis
Advantages & Disadvantages of Concentrated Acid—
hydrolysis
Enzyme Hydrolysis
0 Direct Microbial Conversion (DMC)
3.3.1.3 Fermentation
3.3.1.4 Ethanol Recovery
3.3.2 Thermochemical Conversion Process
3.3.2.1 Gasification Catalytic Synthesis Process
Feed Handling & Preparation
Gasification
Gas Cleanup & Conditioning
Alcohol Synthesis
Alcohol Separation
More about Catalytic Synthesis
Catalytic Conversion
3.3.2.2 Fermentation of Syngas to Ethanol
Conversion

O O O O
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Distillation
3.4 Preferred Technology Route
3.5 Innovations in Cellulosic Ethanol Value Chain
3.5.1 Feedstock Innovations and Breakthroughs
3.5.2 Pretreatment Innovations and Breakthroughs
3.5.3 Production Process Innovations and Breakthroughs
3.5.4 Production Facility Innovations and Breakthroughs
3.5.5 Hydrolysis Innovations and Breakthroughs
3.5.6 Acid Hydrolysis Innovation and Breakthroughs
3.5.7 Fermentation Innovation and Breakthroughs
3.5.8 Ethanol Recovery Innovation and Breakthroughs
3.5.9 Gasification Innovation and Breakthroughs
3.5.10 Others
3.6 Cellulosic Ethanol - Probable Research & Technology Timeline
3.7 Academic Research Efforts for Cellulosic Ethanol
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~ Primary Methods at Refinery to Produce Cellulosic Ethanol

The below process flow diagram shows the basic steps in production of ethanol from
cellulosic biomass.

Schematic Diagram of Cellulosic Ethanol Production

)
Pretreatment .
Hydrolysis
Biomass
at (
. Distillation ]
Refinery »| Fermentation
.
N \ 4
*[ Gasification ]_,[ Syngas
__ ’
v Cellulosic

Ethanol

FT Process

Thischapter provides detailed description of each and every step it
cellulosic ethanol production process
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Thermochemical conversion process

Biomass Gasification Process of Cellulosic Ethanol

Fermentation
\J

J
[ Fischer -Tropsch

Biomass Gasification Syngas Ethanol

Catalytic Synthesis

1;
)

This section of the chaper describes in detail thegasification processof
cellulosic biomasgto produce syngas, both through fermentation and
through catalytic synthesis process
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Innovations and Breakthroughs in Cellulosic Ethanol Value Chain

Production Process Innovations and Breakthroughs:

Cheaper Cellulosic Ethanol

Startup Qteros, formerly known as SunEthanol, thinks that it holds the key to finally making
cellulosic ethanol cost-effective. It's a bacterium called the Q microbe, or, more properly,
Clostridium phytofermentans, and the company claims that it can eliminate the costly enzymes
normally used to turn cellulose into ethanol.

These slender bacteria can dissolve cellulose into sugars and convert the sugar into ethanol, all
in one step. When the microbes find themselves in high concentrations of cellulose, they eat
voraciously and leave only ethanol behind. A scientist whose lab discovered the bacterium
theorizes that it outcompetes other species by being able to eat a wide variety of plant
components very quickly, rather than by more efficiently using all the energy in the plants,
which is why it excretes higher-energy waste (ethanol). Cellulosic ethanol is usually made with
enzymes to break down the fibrous cell walls of cellulose into simple sugars, then with yeast to
ferment the sugars into ethanol. Qteros expects to simplify the two steps into one and
dramatically reduce the cost of making cellulosic ethanol using its bacteria, which naturally eats
cellulose and produces ethanol as waste.

Enzymatic Hydrolysis Breakthroughs:
New Knowledge about Fungus can Improve Production of Bioethanol - Novozymes

Novozymes has participated in an extensive research project in collaboration with Los Alamos
National Laboratory (www.lanl.gov) and the Joint Genome Institute (www.jgi.doe.gov) at the US
Department of Energy. The results of the project, may herald a breakthrough for the production
of second-generation bioethanol. The fungus in question — Tricoderma reesei, an industrially
important cellulolytic filamentous fungus — is particularly effective at digesting plant fibres into
simple sugars, so-called monosaccharides. This digestion occurs through the action of the
fungus’ own enzymes, which it secretes to breakdown plant fibres and convert them to simple
sugars.

Mapping the fungus’ genome has made it possible to discover important information about the
precise nature of the entire process. The new genome map may open up new possibilities for
the cheap and effective conversion into sugar of cellulosic biomass such as agricultural waste,
wood chips, corn stover, and prairie grasses. The sugar can then be fermented into ethanol.

© www.biozio.com — The Future of the Bio World!
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Cellulosic Ethanol: Probable Research & Technology Timeline

Research Phase (0 to 5 years)

Technology Deployment Phase
(5 to 10 years)

Systems Integration Phase
(10 to 15 years)

Legacy Resources and Early Energy
Crops (E-Crops)

Drivers

Expand biomass resource base and
increase utilization

Early E-crops
Cellulose-processing viability
Cost reduction

Transition: Modular Technology
Deployment

Drivers

Need for new energy crops to
reach or exceed 1 billion tons of
biomass

Process simplification and
improvement in modules

Use of systems biology, chemistry
Bioprocess engineering

Integration and Consolidation

Fusion of economic value chains

Drivers

Consolidated bioenergy
systems

Technologies tailored for
various regions

Buildout

Feedstocks
E-crop sustainability

Impacts on soil ecosystems,
nutrients

E-crop model development
Genes, principles, E-crop
subsystem controls

- Cell-wall makeup and structure
- Ties to deconstruction and
fermentation

Feed_stocks

Understand plant as system
Domesticate E-crops

Enhance sugars, minimize lignin
and toxic inhibitors

Increase yield and soil
sustainability

- Tailored deconstruction
- Engineered microbial

- Stress and process tolerance
- Full system control

End-to-End Concurrently
Engineered

Biofuel Systems (Biome-E Crop
Processing)

Systems tailored to regions
and fully consolidated
processing.

Includes E-crops with
enhanced composition

Tool kits for plant
engineering

Consolidated processing tied
to biofuel systems

enzyme mix

metabolic systems

Tool kits for rapid
manipulation and diagnosis

© www.biozio.com — The Future of the Bio World!
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Feedstock Deconstruction Deconstruction
Reduce enzyme costs Deploy
Understand enzyme-
lignocelluloses Interactions Improved enzymes (rate,
- Cell-wall recalcitrance specificity)
Survey natural enzyme diversity - Broadened substrate range
Establish fundamental enzyme - Reduced inhibition
limits - E-crop concept
Develop ligninases and Tools to diagnose and
hemicellulases manipulate enzyme substrate
Develop gene-transfer systems interactions
for cellulolytic machines and Tools to design and improve
entire pathways. enzymes
Fermentation to Ethanol and Fermentation and Recovery
Recovery
Deploy
Study use of all sugars, including
direct cellulose utilization Cofermentation of C-5 and C-6
Study stress response and sugars
inhibitors New strains (multiple)
- High-alcohol and —sugar - Stress tolerance
concentrations - High temperature
Understand regulation and Tools for full regulatory control
control Tools for rapid analysis and
Survey natural diversity manipulation

Testing of consolidated organisms
possessing celluloytic and
ethanologenic properties

Source: Adapted from US Department of Energy, Biofuels Joint Roadmap 2006
*: e-crop: Energy crop

\\\7 ///‘

An overview of ongoing research efforts for the various stages in cellulosic
ethanol production and commercialization is provided in this chapter
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4.0 Cellulosic Ethanol Production Value Chain and Companies

Interest in cellulosic ethanol production is still a primarily North American
phenomenon, though more regions worldwide have started evincing an interest.
With North America, a number of American and Canadian companies have been
working in this domain. Their experiences and learning so far will be very
valuable to other companies that wish to explore this field. This chapter provides
extensive details about the companies along the entire value chain of the
cellulosic ethanol industry — from crop producers to enzyme suppliers to the
ethanol producer.

Key Sections

4.1 Introductions

4.2 Cellulosic Ethanol Companies and Profiles
4.2.1 Energy Crop Producing Companies
4.2.2 Enzyme Supplier
4.2.3 Cellulosic Ethanol Producers

© www.biozio.com — The Future of the Bio World!
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Cellulosic Ethanol Process

The following are the process-routes that can be adopted by companies pursuing Cellulosic
ethanol

1. Biomass -> Pretreatment -> Enzyme hydrolysis -> Glucose fermentation -> Ethanol
recovery -> Ethanol

2. Biomass -> Pretreatment -> Acid hydrolysis -> Glucose fermentation -> Ethanol recovery -
> Ethanol

3. Biomass -> Gasification -> Syngas -> Syngas fermentation -> Ethanol recovery -> Ethanol
4. Biomass -> Pyrolysis -> Syngas -> Catalytic synthesis -> Ethanol recovery -> Ethanol
5. Consolidated bio-processing

Consolidated bio-processing

Qteros (formerly known as Sun ethanol)

Main Line of Operation: Cellulosic Ethanol Production
Head Quarters: Hadley, Hampshire County, Massachusetts, United States
Process C (Route): Consolidated bio-processing

The enigmatically named Q Microbe, under development by Qteros, has attracted the attention
of major ethanol producer VeraSun Energy. Qteros technology converts almost any form of
cellulose to ethanol using a naturally occurring microbe. Its laboratory results showed that the
nonbiotech strain of Qteros' Q Microbe can generate 70 grams of ethanol per liter from
cellulosic feedstocks, such as corn stover and sugarcane, exceeding the threshold of 50 grams
per liter for commercial production of the fuel. It also plans to focus on current efforts in
molecular genetics and strain development even though it was able to hit remarkable ethanol
outputs using the microbe.

© www.biozio.com — The Future of the Bio World!
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Process & Technology
Q Microbe

The Q Microbe (Clostridium phytofermentans) is a super-bug. Clostridium phytofermentans is an
anaerobic ethanol- and hydrogen-producing cellulolytic bacterium from forest soil that is
capable of fermenting all major carbohydrate components of biomass. Cellulose, pectin, starch,
and xylan are rapidly degraded and fermented with ethanol and hydrogen formed as major
metabolic products.

C. phytofermentans is of particular interest for the production of high concentrations of ethanol
during cellulose fermentation. Two to four times more ethanol than acetate are formed,
suggesting that C. phytofermentans possesses unusual fermentation pathways.

The technology that C. phytofermentans will eliminate the need for a separate enzymatic
breakdown step that also broadens pretreatment options. The Q Microbe breaks down a wide
variety of plant materials, including corn residues, cane bagasse, woody biomass, cellulose
waste, and more. It produces prodigious amounts of ethanol by generating its own enzymes and
then fermenting the C5 and C6 sugars. The microbe can be engineered to optimize ethanol
output from a specific plant material, increasing net energy yield for the whole system. It is the
"yeast" component of the conventional bioconversion process plus the enzyme component, all
in one.

The C3 Process

In their proprietary Complete Cellulosic Conversion (C3) process, the Q Microbe simultaneously
decomposes and ferments Cellulosic biomass to ethanol. It converts both cellulose and
hemicellulosic plant material. This microbe not only eliminates the need for costly enzymes, it
simplifies the entire ethanol production process, allowing for pre-treatments that are easier on
the environment.

Highlights
The ability of the Q Microbe to convert all of the fermentable components of biomass to

ethanol enables the C3 process to have higher yields than other bioconversion
processes.
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By avoiding the cost associated with the production, purification and application of
specific enzyme cocktails, it offers cost savings to facilitate large-scale ethanol production

from a wide variety of cellulosic biomass.
It also allows for a broader range of pretreatment options with further cost savings.

Website: www.qteros.com

Details on over twenty companies that produce cellulosic ethanol adopting
one or more of the four different processroutes are provided in the repat. In
addition, the report also provides details of companies which produce energ)

crops, especially as a feedstock for cellulosic ethanol
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5.0 Cost of Cellulosic Ethanol

One of the key determinants for the success of cellulosic ethanol is the
economics of production. Entrepreneurs and investors will find it extremely
useful to understand the cost components for the entire cellulosic ethanol value
chain, and especially the costs for the various process route combinations. This
chapter provides comprehensive details on costs and cost break-ups for all the
major process routes, and the components thereof. It also identifies the key cost
drivers for cellulosic ethanol and makes projections and inferences on the future
costs and economic viability of cellulosic ethanol.

Key Sections

5.1 Introduction
5.2 Capital Costs
5.2.1 Capital Costs for the Pretreatment — Fermentation Route
5.2.2 Capital Costs for the Gasification Route
5.3 Operational and Levelized Costs
5.3.1 Biomass Costs
5.3.2 Feed Handling & Pretreatment Costs
5.3.3 Pretreatment Costs
5.3.4 Hydrolysis Costs
5.3.5 Fermentation Costs
5.3.6 Distillation, Drying & Separation Costs
5.3.7 Gasification Costs
5.3.8 Fermentation of Syngas Costs
5.3.9 Catalytic Conversion of Syngas Costs
5.3.10 Summary of Levelized Costs for All Process Routes
5.4 Costs — Targets
5.5 Cost - Predictions
5.6 Cost Drivers
5.7 Cellulosic Ethanol EROI
5.8 Cost Comparison between Starch Ethanol and Cellulosic Ethanol
5.9 Commercial Prospects for Cellulosic Ethanol
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" Capital costs

Capital Costs for the Pretreatment ¢ Fermentation Route

The capital costs for cellulosic ethanol using the pretreatment-fermentation route is much
higher than the fermentation route for starch ethanol. A cellulosic ethanol plant following this
route has capital costs of S5 per annual gallon, versus $1.25-1.5 per annual gal for starch

ethanol.

Amortization of capital costs is taken for 10 years. With this assumption, and $5 as the capital

cost per annual gallon, the depreciated cost component is $S0.5 per gallon of cellulosic ethanol.

Capital Costs for the Gasification Route

The gasification route could either comprise fermentation of syngas or catalytic synthesis of the
syngas. The capital costs for either comes to about $7-9 per annual gallon.

Amortization of capital costs is taken for 10 years. With this assumption, and S8 as the capital

cost per annual gallon, the depreciated cost component is $0.8 per gallon of cellulosic ethanol.

Operational and Levelized Costs

Process Route

BiomassA PretreatmentA Enzyme
A HydrolysisA FermentationA Distillation

BiomassA PretreatmentA Acid HydrolysisA
FermentationA Distillation

Operational Cost
Components
Biomass

Feed handling
Pretreatment
Enzyme hydrolysis
Fermentation
Distillation and drying

Biomass

Feed handling
Pretreatment

Acid hydrolysis
Fermentation
Distillation and drying
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Biomass

Feed handling
BiomassA GasificationA FermentationA Distillation = Gasification
Fermentation
Distillation and drying
Biomass
Feed handling
Gasification
Catalytic synthesis

BiomassA GasificationA Catalytic Synthesis

Summary of Levelized Costs for All Process Routes

BiomassA PretreatmentA Enzyme HydrolysisA FermentationA Distillation

Biomass Feed Pretreat En Fermntn Distillation Capex LC
handling hydrolysis
0.5 0.05 0.45 0.2 0.15 0.2 0.5 2.05

Pretreat = Pretreatment; En hydrolysis = Enzyme hydrolysis, Fermntn = Fermentation

BiomassA PretreatmentA Acid HydrolysisA FermentationA Distillation

Biomass Feed Pretreat Acid Fermntn Distillation Capex
handling hydrolysis
0.5 0.05 0.45 0.15 0.15 0.2 0.5

Pretreat = Pretreatment; Fermntn = Fermentation

BiomassA GasificationA FermentationA Distillation

Biomass Feed Gasification  Fermentation Distillation Capex
handling
0.5 0.15 0.5 0.2 0.2 0.8

BiomassA GasificationA Catalytic Synthesis

Biomass Feed Gasification  Catalytic Separation Capex
handling Synthesis
0.5 0.15 0.5 0.3 0.1 0.8

LC

2.0

LC

2.35

LC

2.35

© www.biozio.com — The Future of the Bio World!



http://www.biozio.com/

25

N
Cost Comparison between Starch Ethanol and Cellulosic Ethanol
Cellulosic Ethanol
Cost Component Corn based (2006) Corn based (2009) (2009)
Feedstock Cost (S/gal) $0.83 $1.87 $0.56
By-product -$0.35 -$0.38 ~$0.10
Enzymes $0.06 $0.05 $0.40
Other Costs** $0.6 $0.62 $0.80
Capital Cost
Contribution per
Gallon $0.15 $0.15 $0.55
Total $1.29 $2.31 $2.21
Notes and assumptions
** _includes operational costs for pretreatment and fermentation, and cost of labor
(1) - Price of corn $2.1 per bushel
(2) - Price of corn $4.8 per bushel
Ethanol yield from corn - 100 gallons per dry ton
Ethanol yield from cellulose — 90 gallons per dry ton
/

This chapter provides more inputs on the costs for cellulosic ethanol, along
with the cost drivers, future projected costs and cost comparisons with
competing fuels and processes
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6.0 Cellulosic Ethanol: Funding and Investment

The three main sources of investments in cellulosic ethanol have been public
grants, venture capital funding and private equity investments. While interest in
cellulosic ethanol had been mainly centered in North America, this is already
changing. The potential for cellulosic ethanol investments is increasing in diverse
regions worldwide, and many large and established incumbents in related
industries (including major oil companies) are making significant investments in
this industry. Hence, it will be useful for entrepreneurs and investors to
understand the investment trends and patterns, and obtain insights on how they
should structure their venture in order to maximize their chances of getting
external investments.

Key Sections

6.1 Introduction
6.2 Stages of Cellulosic Supply Chain in Which Investments are Being Made
6.3 Types of Investors
6.4 Investment Details
6.4.1 Prominent Venture Capital and Private Equity Companies that have
invested in Cellulosic Ethanol
6.4.2. Investment Avenues
6.4.2.1 Government Grants
6.4.2.2 Private Equity and Venture Capital Funding
6.4.2.3 Investments through Strategic Partnerships
6.4.2.4 Prominent Publicly Traded Ethanol Companies
6.5 Role Played by DOE, US
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Investment details

N\

Prominent Venture Capital and Private Equity Companies that have invested in Cellulosic

Ethanol

@Ventures

Advanced Technology Ventures
Alexander and Baldwin

Angel investors

Soros Fund Management LLC
Braemar Energy Ventures

DuPont and Genencor

Garage Ventures

Goldman Sachs & Co
GreatPoint Ventures
Innovatech Sud du Quebec
lowa Power Fund

Khosla Ventures

Low Carbon Accelerator
Marathon

MDV-Mohr Davidow Ventures
Metropolitan Energy Systems

National Mortgage and Finance

Omninet Capital LLC

Rho Ventures

Sage Capital Partners

Solidarity Fund QFL

Suncor Energy

Sustainable Development Technology
The L.L. Knickerbocker Co., Inc

The Massachusetts Technology Collaborative (MTC)
UBS Investment Bank

Warburg Pincus

WestLB AG
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// \\
US DOE Grants Received as on 2009 (per round of financing)
DOE US Government Grants

Grant Amount

Companies Received

Alico $33 million
Abengoa Bioenergy LLC $76 Million
Bluefire Ethanol S40 Million
logen Biorefinery Partners LLC $76 Million
Poet (Broin) $80 Million
Ecofin LLC $30 Million
ICM $30 Million
Lignol Innovations $30 Million
Mascoma $25 Million
Pacfic Ethanol $24 Million
RSE Pulp $30 Million
Flambeau LLC $30 Million
New Page $30 Million
Edenspace $750,000
Edenspace $1,926,900
Ceres $30 Million
SunEthanol (Q Microbe) $100,000
Trillium FiberFuels $100,000
Trillium FiberFuels $750,000
Genecor $17 Million
Novozyme $12.3 Million
Novozyme $14.8 Million
Novozyme $2.3 Million

N Y

This chapter provides more inputs orsignificant financing deals such as funding
via government and other public grants, private equity venture capital
investments, investments via strategic partnerships, nvestments via public
offerings and other, which have happened in cellulosic ethanol industry
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7.0 Cellulosic Ethanol Issues and Barriers

While the key barrier to cellulosic ethanol might be the high cost of production, a
number of other barriers have been identified along the entire value chain. It is
critical for entrepreneurs and investors to understand these barriers and
challenges, and the efforts and solutions that are being attempted, so that they
can make informed decisions. Many of the challenges also could be the starting
points for significant future opportunities in this industry. This chapter provides
extensive details on specific barriers present in the cellulosic ethanol industry,
and a roadmap to overcome these challenges.

Key Sections

7.1 Introduction
7.2 Feedstock Production Technical Barriers
7.3 Feedstock Logistics Technical Barriers
7.4 Convertion Process Technical Challenges and Barriers
7.4.1 Thermochemical Platform Technical Challenges and Barriers
7.5 Biofuels Distribution Infrastructure Challenges and Barriers
7.5.1 Market Challenges and Barriers
7.5.2 Technical (Non-Market) Challenges/Barriers
7.6 Steps Required to Overcome Barriers
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Sample topic

s

Overcoming Barriers to Cellulosic Ethanol

Barrier Topic Technology Goals
Feedstocks Better compositions
and structures for
Develop sustainable sugars production
technologies to supply biomass
to biorefineries Domestication: Yield,
tolerance

Better agronomics

Sustainability

Feedstock Deconstruction to Pretreatment Enzymes
Sugars

Reduced severity
Develop biochemical conversion

technologies to produce low- Reduced waste
cost sugars from lignocellulosic
biomass Higher sugar yields

Reduced inhibitors

Reduction in
nonfermentable sugars

Enzyme Hydrolysis to
Sugars

Higher specific activity

Higher thermal
tolerance

Reduced product
inhibition

Broader substrate range

Science Research Milestones
Cell-wall architecture and makeup relative
to processibility
Genome sequence for energy crops
Domestication traits: Yield, tolerance

Cell-wall genes, principles, factors

New model systems to apply modern
biology tools

Soil microbial community dynamics for
determining sustainability
Cell-wall  structure with respect to
degradation
Modification of the chemical backbone
of hemicellulose materials to reduce
the number of nonfermentable and
derivatized enzymes

Cell-wall component response to
pretreatments

Principles for improved cellulases,
ligninases, hemicellulases

Understanding of cellulosome regulation
and activity

Action of enzymes on insoluble substrates
(fundamental limits)

Fungal enzyme-production factors
Nonspecific adsorption of enzymes

Origin of inhibitors
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e
/ Sugar Fermentation to Ethanol Cofermentation of Sugars Full microbial system regulation
and control
Develop technologies to produce C-5 and C-6 sugar microbes
fuels, chemicals, and power from Rapid tools for manipulation of
biobased sugars and chemical Robust process tolerance novel microbes
building blocks
Resistance to inhibitors Utilization of all sugars
Marketable by-products Sugar transporters
Response of microorganisms to
stress
New microbial platforms
Microbial community dynamics
and control
Consolidated Processing Enzyme Production, Fundamentals of microbial
Hydrolysis, and cellulose utilization
Cofermentation Combined in
Reduce process steps and complexity | One Reactor Understanding and control of
by integrating multiple processes in regulatory processes
single reactors Production of hydrolytic
enzymes Engineering of multigenic traits
Fermentation of needed Process tolerance
products (ethanol)
Improved gene-transfer
Process tolerance systems for microbial
engineering
Stable integrated traits
Understanding of transgenic
All processes combined in a hydrolysis and fermentation
single microbe or stable culture | enzymes and pathways
Source: U.S. Department of Energy, Biofuels Joint Roadmap, June 2006
AN

/

S

Issues & Barriers and the goals and milestones to overcome the key barriers in
cost-effective and sustainable process are explained in this chapter
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List of Companies
Energy Crop Producing Companies

Agrivida
Ceres
Syngenta
Edenspace

Enzyme Supplier

Novozymes

Genencor International, Inc
Dyadic

Codexis

Infinite Enzymes

Zymetis

Cellulosic Ethanol Producers

Qteros

Dupont Danisco Cellulosic Ethanol LLC
Mascoma

Verenium

Bluefire Ethanol

Cleantech Biofuels

PSC (Pressurized Stem Classification) Technology
Zeachem

American Process, Inc.

Coskata

Enerkem

Range Fuels (formerly known as Kergy)
Abengoa Bioenergy
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