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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:

e Process Routes and Technologies

e Real World Status of Cellulosic Ethanol Projects
e Investments & Returns

e Business Strategies for Success
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e 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 and 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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Sample topic

-
Why Cellulosic Ethanol

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

e 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.

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

e 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.

e 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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Sample topic

Growth of Cellulosic Ethanol Industry

List of Projects Applying the Thermochemical Pathway

N

Input Output
Company | Location | Country Material Product (t/a) Type Status Start-up Year
Hugoton Biomass 34 000 commercial under. 2011
construction
Mount ;
230000 | commercial Completed 2010
Vernon
Colwich . 70000 commercial Completed 2009
Abengoa United
. Ethanol
Bioenergy States . .
Ravenna Grain 240,000 | commercial Completed 2007
Portales 75000 commercial Completed 2006
Granite .
City 230,000 | commercial Completed 2009
corn cobs,
agricultural
residues,
biochemical
£ .
POET mmetsb | United processing; ethanol 75 000 commercial operational 2011
urg States
100 mgy
corn
etoh + 25
mgy LC etoh
List of Projects Applying Hybrid Technology
Output Start-up
Company | Location | Country |Input Material Product (t/a) Type Status Year
Coskata Warrenville| US various ethanol; several pilot operational 2003
wood chips,
Coskata Madison us natural gas ethanol; 120 demo operational 2009
sugarcane
waste,
Coskata Clewiston | US others ethanol; 300 000 | commercial | planned 2016
ethanol;
poplar trees, mixed
ZeaChem | Boardman | US sugar, .| 4500 pilot operational 2010
. alcohols; variol
wood, chips .
chemicals;

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
e Agricultural Residues
e Wood fibers
e Energy Crops
e Municipal Waste
2.6 Availability of Biomass Feedstock
2.6.1 Overview of Biomass Feedstocks and Global Technical Potentials
2.6.2 Overview of Regional Biomass Production Scenario Studies
2.7 Commercial Cellulosic Ethanol Feedstock Used in Major Companies
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Sample topic

s
Yield from Energy Crops

Energy Crops
Bambusa Edulis
Switchgrass
Giant Miscanthus
Guinea Grass
Poplar
Eucalyptus
White Birch
Willow

Japanese Oedar

Below table shows the theoretical yield of biomass per acre

Yield Per Acre (in dry tons)
26.4
17.0
19.6
9.7-20.6
6.1-8.9
8.0-14.1
3.0-4.5
7.7-8.3
2.8-4.0

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

Location
Us, Taiwan
us
Us, EU
Japan, Puerto Rico
Us, EU
Australia, Hawaii
Japan
Sweden

Japan

This section provides details on the yields for the cellulosic ethanol
industry z yields of cellulosic biomass
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Sample topic

10

Ve
Overview of the global technical potential of land-based biomass supply (primary energy) over
the long-term for a number of categories.
Technical
Biomass category Definition b|oer.1ergy
potential year
2050 (EJ/Yr)
Biomass that can be produced on future surplus agricultural land not
required for food, fodder or other agricultural or forestry commodities
production. Two types of energy crops can be distinguished:
1)Conventional energy crops, normally used to produce food and animal
Energy crop feed (e.g.maize, sugar-beet, sugar-cane, rapeseed, oil palm, soybeans)
production on
surplus agricultural 2) Lignocellulosic energy crops , composed of cellulose, hemicellulose and
land lignin (e.g.poplar, willow, eucalyptus, miscanthus, switchgrass) 0-700
Energy crop
production on Biomass that can be produced on deforested or otherwise degraded or R
marginal lands marginal land that is still suitable for (for example) reforestation. <60%-110
Residues associated with food production and processing, both primary
Residues from (e.g.sereal straw from harvesting ) and secondary (e.g.rice husks from rice
agriculture milling) 15-70
Residues associated with wood production and processing, both primary
(e.g.branches and twigs from logging) and secondary (sawdust and bark
from the wood processing industry). In general, increased level of forest
management , e.g.sivicultural thinning improving forest stands, makes it
possible to utilise a largest part of the forest growth, which is well above
Forest residues the present level of biomass extraction in many countries. 30-150
Dung Biomass from animal manure 5-55
Biomass associated with material use, e.g.waste wood (producers), .
Organic wastes municipal solid waste 5->50
Total <60 ->1100

Note: For comparison, current global primary energy consumption is ca. 500 EJ. Source: www.ieabioenergy.com

This section of the report provides technical and sustainable potential of

this chapter.
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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
e Acid Hydrolysis
Dilute Acid Hydrolysis
Advantages & Disadvantages of Dilute-Acid Process
Concentrated Acid Hydrolysis
Advantages & Disadvantages of Concentrated Acid—
hydrolysis
e 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
e Feed Handling & Preparation
e Gasification
e Gas Cleanup & Conditioning
e (Catalytic Synthesis to Alcohol
e Alcohol Separation
e More about Catalytic Synthesis
e Catalytic Conversion
3.3.2.2 Fermentation of Syngas to Ethanol
e Conversion

O O O O

© www.biozio.com — The Future of the Emerging Bio World!
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e 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 - Research & Development Roadmap

3.7 Academic Research Efforts for Cellulosic Ethanol

© www.biozio.com — The Future of the Emerging Bio World!
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Sample topic
-

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
g
N v
*[ Gasification ]_, [ Syngas
—_ ’
Cellulosic
v Ethanol

FT Process

This chapter provides detailed description of each and every step in
cellulosic ethanol production process
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Sample topic

Thermochemical conversion process

Biomass Gasification Process of Cellulosic Ethanol

Fermentation

7
N

Biomass Gasification Syngas Ethanol

1
)

J
Fischer -Tropsch
Catalytic Synthesis

This section of the chapter describes in detail the gasification process of
cellulosic biomass to produce syngas, both through fermentation and
through catalytic synthesis process

© www.biozio.com — The Future of the Emerging Bio World!
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Sample topic
( 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 Emerging Bio World!
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Sample topic

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

e  Early E-crops
e  Cellulose-processing viability
e  Cost reduction

Transition: Modular Technology
Deployment

Drivers

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

e  Process simplification and
improvement in modules

e  Use of systems biology, chemistry

e Bioprocess engineering

Integration and Consolidation

Fusion of economic value chains

Drivers

e Consolidated bioenergy
systems

e Technologies tailored for
various regions

s Buildout

Feedstocks
E-crop sustainability

e Impacts on soil ecosystems,
nutrients

e E-crop model development

e Genes, principles, E-crop
subsystem controls
- Cell-wall makeup and structure
- Ties to deconstruction and
fermentation

Feed;sto.cks

e Understand plant as system

e Domesticate E-crops

e Enhance sugars, minimize lignin
and toxic inhibitors

e Increase yield and soil
sustainability

End-to-End Concurrently
Engineered

Biofuel Systems (Biome-E Crop
Processing)

e Systems tailored to regions
and fully consolidated
processing.

e Includes E-crops with
enhanced composition

e Tool kits for plant
engineering

e Consolidated processing tied
to biofuel systems

- Tailored deconstruction
enzyme mix

- Engineered microbial
metabolic systems

- Stress and process tolerance

- Full system control

e Tool kits for rapid
manipulation and diagnosis

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

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 Value Chain

4.3 Cellulosic Ethanol Companies and Profiles
4.3.1 Energy Crop Producing Companies
4.3.2 Enzyme Supplier
4.3.3 Cellulosic Ethanol Producers

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

/

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
Headquarters: Hadley, Hampshire County, Massachusetts, United States
Process C (Route): Biochemical (Enzymatic Hydrolysis)

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.

The company combines the advanced microbiology with an expertise in process engineering to
deliver a unique, highly-efficient, and low-cost Consolidated Bioprocessing (CBP) platform to
existing and prospective producers of commercial-scale cellulosic ethanol.

Beyond ethanol, Qteros is investigating the use of the CBP platform for the low-cost, biomass-
derived production of other industrial and specialty biochemicals that can serve as
environmentally-sound, low-cost intermediates for large-scale industrial products.

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

The Q Microbe (Clostridium phytofermentans) is a super-bug. This lollipop-shaped microscopic
organism has unique properties that make it ideally suited to the production of cellulosic
ethanol from a variety of non-food plant materials.

This technology eliminates the need for a separate enzymatic breakdown step, broadening
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 vyield for the whole system. It is the "yeast" component of the
conventional bioconversion process plus the enzyme component, all in one.

The Consolidated Bioprocessing (CBP) Platform

Their proprietary CBP platform leverages the natural advantages of the Q Microbe”®, which
produces virtually all the enzymes required to digest biomass into fermentable sugars and
contains all pathways required for biomass conversion into ethanol. The result is a single-step
conversion process that dramatically reduces the cost and complexity of producing cellulosic
ethanol at commercial scale from a broad variety of non-food feedstocks.

Highlights

e The ability of the Q Microbe to convert all of the fermentable components of biomass to
ethanol enables the C3 process to have higher vyields than other bioconversion
processes.

e 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.

o It also allows for a broader range of pretreatment options with further cost savings.

Website: www.gteros.com

© www.biozio.com — The Future of the Emerging Bio World!
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In the past few years, the number of companies entering the cellulosic ethanol industry has
increased significantly. This is especially true in the case of companies that belong to the
cellulosic ethanol producers category. Of all the companies, it is found that most of the
companies were classified to use a biochemical pathway, followed by thermochemical pathway,
and combination of these (hybrid technology).

Throughout all the projects for which data is available, a variety of lignocellulosic feedstocks is
being used, including agricultural residues, wood and wood residues from forestry and forest
products, dedicated energy crops, and municipal solid waste. The most frequently cited
feedstocks are corn cobs, corn stover, wheat straw and wood waste. Most technologies include
steam explosion or acids for pretreatment, followed by enzymatic hydrolysis and fermentation.
Enzymes are often provided by Novozymes, but some companies like logen and Mascoma
produce their own enzymes. Companies such as Mascoma, Quetros etc combines enzyme
production, hydrolysis and fermentation in a single step (consolidated bioprocessing).

Integrated production of power and steam is applied in various cases: Some companies separate
lignin at the beginning of the process and use it for power and steam generation (Inbicon, logen,
Lignol Energy Corporation). KL Energy separates lignin after ethanol distillation and sells lignin
pellets as a by-product. POET integrates ethanol production from corn cobs into an existing
grain ethanol plant and uses part of the collected biomass for power production. Abengoa also
couples ethanol production with a biomass CHP. Borregaard Industries are successfully
producing ethanol from sulfite spent liquor (SSL) since 1930. Few projects are classified as
applying combinations of biochemical and thermochemical pathways. 3 of these projects are
being pursued by Coskata (operational pilot facility, operational demoplant, and commercial
facility planned). Coskata’s technology combines gasification of the biomass (wood chips) with a
microbial conversion of the resulting syngas into ethanol and a combination of distillation and
membrane pervaporation for ethanol recovery.

ZeaChem is currently building a pilot facility which applies chemical fractionation of the sugars
from the lignin as a first step. The sugars are being fermented into acetic acid and then
converted into ester, while the lignin is being gasified into a hydrogen-rich gas. The hydrogen
from this gas is used to hydrogenate ethanol from the ester, while the remainder of the syngas
is burned for steam and power generation.

Details on over twenty companies that produce cellulosic ethanol adopting

crops, especially as a feedstock for cellulosic ethanol

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

© www.biozio.com — The Future of the Emerging Bio World!
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_Sample topic
" 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 approximate depreciated cost component is S0.5 per gallon of
cellulosic ethanol, using a simple straight-line depreciation.

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 $8 as the capital
cost per annual gallon, the depreciated cost component is S0.8 per gallon of cellulosic ethanol.

Operational and Levelized Costs

Process Route Operational Cost
Components
Biomass
Feed handling
BiomassA PretreatmentA Enzyme Pretreatment
A HydrolysisA FermentationA Distillation Enzyme hydrolysis

Fermentation
Distillation and drying

Biomass
Feed handling
BiomassA PretreatmentA Acid HydrolysisA Pretreatment
FermentationA Distillation Acid hydrolysis

Fermentation
Distillation and drying

© www.biozio.com — The Future of the Emerging Bio World!
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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 0.25 0.5 0.15 0.2 0.5 2.15
Pretreat = Pretreatment; En hydrolysis = Enzyme hydrolysis, Fermntn = Fermentation
BiomassA PretreatmentA Acid HydrolysisA FermentationA Distillation
Biomass Feed Pretreatment Acid Fermntn Distillation Capex LC
handling hydrolysis
0.5 0.05 0.25 0.4 0.15 0.2 0.5 2.05
Pretreat = Pretreatment; Fermntn = Fermentation
BiomassA GasificationA FermentationA Distillation
Biomass Feed Gasification  Fermentation Distillation Capex LC
handling
0.5 0.15 0.5 0.2 0.2 0.8 2.35
BiomassA GasificationA Catalytic Synthesis
Biomass Feed Gasification  Catalytic Separation Capex LC
handling Synthesis
0.5 0.15 0.5 0.3 0.1 0.8 2.35
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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

@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

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

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 Funding Opportunities as of January 2011

Title

S Appropriated

Deadline

FOA #

Loan Guarantee: FIPP: Federal
Loan Guarantees for Commercial
Technology Renewable Energy
Projects

S750 M

Rolling, last due date 1/6/11

DE-FOA-0000166

Grant: Demonstration of
Integrated Biorefinery Operations

$480 M

6/30/2009 (closed)

DE-FOA-0000096

Grant: Expansion of
Infrastructure for Ethanol Blends

$5.5M

10/4/2009 (closed)

DE-FOA-0000125

Grant: Development of Algal /
Advanced Biofuels Consortia

S$85 M

9/14/2009 (closed)

DE-FOA-0000123

Grant: Advanced Research
Projects Agency - Energy

$400 M

8/29/09 (closed)

DE-FOA-0000065

Tax: 1603-Grants in lieu of Tax
Credits

No funding cap. Per project,
payment will be equivalent to
either 10% or 30% of total project
cost

10/1/2011

N/A

Loan Guarantee: 1703:
Innovative Energy Efficiency,
Renewable Energy and Advanced
Transmission and Distribution
Technologies (2009)

$8500 M

Rolling, every 60 days, First
Part | due 9/14/09; last Part |
due 8/24/10

DE-FOA-0000140

Loan Guarantee: 1705: Financial
Institution Partnership Program
(FIPP)

S750 M

First part Il due 11/23/09, Last
part Il due 1/6/11

DE-FOA-0000166

Grant: Science: Small Business
Innovation Research Phase |

$37 M

9/04/09 (closed)

DE-PS02-09ER09-27

Treasury: Advanced Energy
Manufacturing Tax Credit (48 C)

$2300 M

9/16 (DOE), 10/16 (IRS)

N/A

Source: Department of Energy, USA
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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 $40 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
Pacific 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

\_ Y

This chapter provides more inputs on significant financing deals such as funding
via government and other public grants, private equity venture capital
Investments, investments via strategic partnerships, investments 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 barriersin a
cost-effective and sustainable process are explained in this chapter
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List of Companies

Energy Crop Producing Companies

Agrivida

Ceres

Cleantech Biofuels
Edenspace
Syngenta

Enzyme Supplier

Codexis

Dyadic

Infinite Enzymes
Novozymes
Zymetis

Cellulosic Ethanol Producers

Abengoa Bioenergy

AE Biofuels

American Process, Inc.

Archer Daniels Midland

Bluefire Ethanol

Coskata

Dupont Danisco Cellulosic Ethanol LLC
Enerkem

Inbicon Biomass Refinery

INEOS New Planet Bioenergy LLC
logen

KL Energy

Lignol

Logos Technologies, Inc.

Mascoma

Mossi & Ghisolfi - Chemtex Italia
Pacific Ethanol

POET

Qteros (formerly known as Sun ethanol)
Range Fuels (formerly known as Kergy)
SEKAB

Weyland AS
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