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Tomorrow’s Fuels & Chemicals Today

ZeaChem

We Create High Margin and Sustainable Alternatives
to Petroleum-Based Fuels and Chemicals in Use, Today.

Poplar Harvesting 250K GPY IBR Facility
Boardman, OR Boardman, OR
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Company History
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» Lakewood, CO > Menlo Park, CA > Golden, CO » Boardman, OR » Boardman, OR
» Company » 5 GPY » 50K GPY » 250K GPY » 25MM+ GPY
headquarters .
» Proved out » 10,000x scale up of  » Demonstration of » Key development
technology at technology integrated process milestones
bench scale at scale completed

» Co-location further
mitigates risk

Series A $6MM Series B $45MM Series C $25MM Loan Guarantee -
$232.5MM
“MEY prairiegold venlure partners BIRCHMERE VENTURES l—;]-%

FIRELAKE — GLOBESPAN 7"\ @ Silicon Valley Bank >

Successfully Developed Technology From Lab To Pilot/Demo Scale & Raised 3 Rounds Of Financing




Flexible Technology and Diversified Markets

Poplar

ZeaChem

Proprietary
Technology
and
Processes

2 Carbon: $485 billion Market

N Acetic | Ethyl &

3 Carbon: $595 billion Market

Propionic Ethyl

Acid Propionate PErEETTel

C2 Platform End Markets
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Project Description

» Acetic Acid
Sales

Purchased
Corn Syrup, or
Corn Hydrolyzate

_ Ethyl Acetate

Sales
i
ZeaChem Applied Technologies LLC : :
. I .
Y IBR Project: o 1L
US DOE/ZeaChem Inc. ~fydohzate 4 b FEe L
| |
Chem !
: Frac : : Hydro-
Hybrid Poplar 1 I genolysis
10 ton/day
I Ethanol
I Hycérollyzate » Sales
Other aes : 250 Kgallyr
Biomass
—> Lignin Purchased
Sales Hydrogen

IBR Project: 10 ton/day Chem Frac unit + 250 Kgal/yr Hydrogenolysis unit
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Overview of Boardman, OR Site
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IBR Project: Quad Chart Overview

Timeline

e Budget Periods
» BP-1: 1/28/10 — 9/30/11
» BP-2: 10/1/11 — 7/28/13
» BP-3: 7/29/13 — 9/30/13

e Recent Major Milestones
» Mechanical Completion: Dec 2012
» Commissioning/Start-up: Feb 2013

e Percent complete: 92%

Project Development
Status: Nearing End of BP-2

» Next milestone: IE Performance Test

Project is on track with respect to:
» Scope (no changes)
» Schedule
» Budget

End of BP-3: 9/30/13

Budget

e Total project funding: $31.25 MM
» DOE share: $25 MM
» ZeaChem share: $6.25 MM

e DOE Funding to date: $22.9 MM

e ARRA Funding: $25 MM

ZeaChém

Project Participants

Feedstock: GreenWood Resources
EPCM: Burns & McDonnell
Key Vendors: Andritz,gagp

Start-up, Commissioning &
Operations: ZeaChem Inc., Pacific
Ethanol Management Services




IBR Project: Cost and Schedule Performance
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1 - Project Management

e Written Project Management Plan
» Section A. Project Information
» Section B. Financial Description of Project

» Section C. Project Plan with tasks, subtasks,
milestones, deliverables, Go/No Go decision
points and including performance requirements
and metrics

e Additional project tools
» Work Breakdown Structure (WBS)
» Risk Management Plan (RMP)
» Earned Value Management System (EVMS)

e Next Go/No-Go Decision: CD-4 to enter BP-3

» Independent Engineer’s Performance Test is
gating milestone

» BP-3 is when system performance tests are
conducted

-
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Feedstock — Hybrid Poplar

GreenWood Trial Plots

e Dedicated sustainable energy crop ﬁ“a‘ 4 .
» High impact feedstock : i
> “Bankable” projects 3
» Geographic diversity, “Grow where we go” \—p L ‘g“
-' d '

e Hybrid Poplar Benefits
» Perennial crop, low inputs, high yield
» “Store on the stump”
» Efficient harvesting

e GreenWood Resources

» Agreements in place for IBR Facility and 15t §
Commercial Plant

» Forest Stewardship Council Certified
» USDA Biomass Crop Assistance Program

4 =]
108 ZeaChem



Feedstock — Wheat Straw

Consistent Yields / Low Density

(1-3 BDT/Acre/Year)

Economics Medium Price Volatility /7 MT
Contract

Resource Availability Exists Today

Environment

Ability to Aggregate Additional Land

Single or Multiple Pass Harvesting
Methods

Social

Non-GMO Annual

200,000 planted acres within 40
mile radius of Boardman, OR

ZeaChem



ZeaChem C2 Platform
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2 — Progress: Nearing the end of BP-2

v' BP-1: Project Planning
v NEPA Determination
v" Vendor Trials
v' Schedule A Design
v' Budget Control Cost Estimate (x10%)

« BP-2: EPC
v' Detailed Design
v" Procurement
v' Construction
v' Commissioning
v’ Start-up

v First cellulosic EtOH produced
February 2013

» Independent Engineer’s Test

e BP-3: Performance Trials

4 =]
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3 — Relevance: BETO Mission and Goals

e Mission: Develop and transform our renewable biomass resources into commercially viable, high-
performance biofuels, bioproducts, and biopower through targeted research development, demonstration,
and deployment supported through public and private partnerships

DOE/EERE
Biomass Program

Technology Development Timeline
| Feedstock R&D

Sustainable feedstock production and logistics technologies and
accessible feedstock supply developed and validated

Legend for Technology Development Timeline

Overall
Through R&D, make cellulosic biofuels cosi-compelitive, at a modeled cost for mature
technology of $3/gasoline gallon equivalent ($2011)

]
]
/ : H IEI Help create an envi conducive to maxi the i and cost-effecth
I -\ fa . : : Conversion R&D production and use of biofuels supporting EISA 2022 goal
Conversion Demonstation & i N covier for conwerting biomase i cost-
i competitive transportation and biopower fuels via sugar, oils, and Feedstock R&D
B OR CoTImpIoYe LAty Deployment ! i e 5 3. By 2017, establsh critria under which 155 MDTIy of sustainable biomass would be available;
of intermediates = Validate biorefinery [ demonstrate feedstock supply and logistics systems that deliver feedstack at or below $80/DT
= Lower enzyme costs ration: ' (82011)
& Devaiop fermactatioh oper 8_ : Cost-Competitive: Advancad Bicf _‘_0 4. By 2022, validate the potential for algae supply and logistics systems to product 5,200 gallons
e = Establish pioneer m : COSGSMPRRIVE: AAANGES ML oil /acre of cultivation per year at raw intermediate minimum selling price of $3.27/gge ($2011)
Conversion R&D
[}
]
]
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Research, Development, Demonstration & Deployment

e ——

= Enable high performance ' 5. By 2017, reduce the p g cost of g cellulosic fo gasoline and diesel
separations technologies Demonstration & Deployment blendstocks to $1.83/gallon ($1.73/GGE)(52011)
» Improve catalyst performace Demonstration and validation of integrated technologies that achieve Demonstration & Deployment
- cleanup/ condititioning & ECIVTQ Al 9 cCYpisbl pertomman -4l coul tErg s comygted 6. By 2014, validate a total annual production capacity of 80 million gallons of advanced biofuels
fuel synthesis E 7. By 2017, validate pioneer plant modeled cost of ethanol production and compare to the target
= Maximize carbon utilization or$2.18igaton (32007)
ks
, i Sustainable production of biofuels and biopower Sustainability
Sustainability  demonstrated 8. Helpto accelerate this multiindustry on through education,
indusry and with policy, regulatory, permitting and
[ 8 [ standards organizations
’ s T Swategic Analyss
3 Cross-C uning £ nalysis 9. Provide context and justification for decisions at all levels by establishing the basis for
H 5 [ 9 quantitative metrics, tracking progress, and informing portfolio management
! Sustainability Strategic Analysis Strategic Communications @ . Effective stakeholder communication and improved
: g Slfa‘eglc public awareness and support established
} " Assess effects across full supply chain = Define and validate technology = Increase awareness of accomplishments o Commur P Strategic Communications
: = Establish baselines and targets performance targets = Communicate new technolgies strategy 1 o { 10 I 10. Help to accelerate this multi-industry transformation through education,
! for improving sustainability = Guide program planning » Educate stakeholders on environmental 1 2005 2010 2015 2020 gm::’:;::‘;gbﬁmmmps A oot pofe s il ariiang b
1 = Develop best practices = Assess progress and oil-displacement benefits H
4 4

. Goal 1: Enable sustainable, nationwide production of advanced biofuels that are compatible with today’s
transportation infrastructure and can displace a share of petroleum-derived fuels to reduce U.S. dependence on oil

- Goal 2: Encourage the creation of a new domestic bioenergy;,, dustry support of the Energy,,, dependence and
Security Act of 2007 goal of 36 billion gallons per year of renewable transportation fuels by 2022

-
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3 — Relevance: BETO Integrated Biorefinery WBS

Goal: Demonstrate and validate integrated technologies to achieve commercially acceptable performance and pro-forma cost targets

Intet_:_;rated Biorefinery Deployment and Portfolio Management

Pilot Scale — Integrated unit operations to produce
fuels, power, or products at the scale of at least 1 metric
tonne.

ADM
Logos Technologies
Renewable Energy Institute International

Agricultural Residue
Processing

ICM, Inc.
Amyris Biotechnologies, Inc.
ZeaChem, Inc.

Energy Crops
Processing

American Process, Inc.
Haldor Topsoe, Inc.

UQP, LLC

ClearFuels Technology, Inc.

Forest Resources
Processing

Im-A: Inadequate Supply Chain
Infrastructure;

Algenol Biofuels
Solazyme, Inc.

Algae Processing

Im-B: Agricultural Sector-Wide Paradigm
Shift;

Demonstration Scale — Integrated projects that
convert at least 50 or 70 metric tonnes of biomass to
biofuels, biopower, and/or bioproducts.

Verenium Biofuels Corp.

Agricultural Residue
Processing P

Im-C: Lack of Understanding of

E puiiaarmertmf=ETTET0y 1 1o0C0 S —
m-D: High Risk of Large Capital Investments;

Myriant Technologies, Inc.

Energy Crops
Processing

N

[t-A: End-to-End Process Integration;
rcial-Scale Demonstrati

Red Shield Acquisition

Forest Resources
Processing

Fac-ilities;
[t-C: Risk of First-of-a-Kind Technology;
[t-E: Engineering Modeling Tools

Enerkem Corporation
INEOS

Waste Processing

St-C: Sustainability Data across Supply Chain

Sapphire Energy, Inc.

Algae Processing

Commercial Scale — Integrated commercial-scale
projects that convert at least 700 metric tonnes of
biomass to biofuels, biopower, and/or bioproducts,
without government subsidies.

Abengoa Bioenergy LLC
POET

Agricultural Residue
Processing

BlueFire Ethanol, Inc.
Mascoma

Forest Resources
Processing

Continued Technology Development

Identify opportunities for process optimization with the
goal of reducing cost and increasing efficiency. Validate
these improvements at existing pilot-, demonstration-,
or commercial-scale facilities.

Gas Technology Institute

Forest Resources
Processing

Im-A: Inadequate Supply Chain Infrastructure
Im-C: Lack of Understanding of
Environmental/ Energy Tradeoffs

Elevance Renewable Sciences

Algae Processing

[t-B: Commercial-Scale Demonstration
Facilities

[t-E: Engineering Modeling Tools
St-E: Best Practices for Sustainable

Bioenergy Production




3 — Relevance: Project Goals and Alignment

e Goals of IBR Project:

» Mitigate risks so that a 1t Commercial Plant can be financed,
constructed, and made operational

» Demonstrate integrated operations with high-impact feedstocks
to support deployment in follow-on commercial facilities

e IBR Project critical step towards 15t Commercial Plant
» 25-50 MMGal/yr cellulosic ethanol
» Project development underway

» Anticipated 2015/16 start-up
e Timing gated by performance tests at IBR Facility

e Success of 15t Commercial Plant will lead to additional
follow-on plants in further support of EISA 2007 goals

' ZeaChem



3 — Relevance: Sustainability of 15t Commercial

e Economic: A profitable biorefinery supply chain providing
commercial quantities of competitively priced fuel

e Environmental:
» Feedstocks are environmentally sustainable
» Anticipated life cycle greenhouse gas emission reduction

Fuel Technology GHG 2 Reduction
from Gasoline

Gasoline 0%

Corn Ethanol 21-24%
Cellulosic Ethanol w/Stover 86-89%
ZeaChem w/Hybrid Poplar 92-98%

e Social: Rural Economic Development
» Feedstock Supply: —300 jobs
> Biorefinery: —65 jobs

-
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4 — Critical Success Factors

e Prove process integration through extended operation of the
facility

e Achieve technical targets and yield progression:
» Integrated Pilot: 80 gal/BDT
» 1t Commercial: 110 gal/BDT
> Nt Commercial: 135 gal/BDT

e Project Management: Scope, Schedule, and Budget

-

ZeaChem



4 — Risk Management

Process Step Purpose
1. Risk ldentification Determining which risks might affectthe project and documenting their characteristics

2. Risk Analysis Transforming risk data into decision-making information (risk impact analysis and
quantification including potential effect of environmental and other regulatory
requirements on the project)

3. Risk Response Translating risk information into decisions and mitigation action plans (risk mitigation
strategies development)

4. Risk Monitoring Monitoring residual risks, identifying new risks, executing risk-reduction plans,
evaluating effectiveness throughout the project (risk monitoring)

5. Risk Documentation | Ongoing evaluation and updating of the Risk-Management Plan

e Risk Management Example
» ldentification: Shortage of trained personnel for operations
» Analysis: Risk potentially impacts schedule and cost

» Response: Contract with Pacific Ethanol Management Services
to provide operating and maintenance staff for IBR Project

» Monitoring: Acute needs addressed, plan for long-term
mitigation by establishing community college training program

» Documentation: Example documented as closed risk ID #30 in
Risk Management Plan

ZeaChém




5 - Future Work

e Complete Budget Period 2
» Milestone: Complete Independent Engineer’s Performance Test
» Prepare application for Budget Period 3

e Go/No-Go: Critical Decision (CD-4) for entry into Budget
Period 3

e Budget Period 3
» Performance Test Runs
» Technical and Financial Reports
» Project Close-out

-
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Summary

e Successfully built and operated
» 10 ton/day Chem Frac unit
» 250 Kgal/yr Hydrogenolysis unit

» First cellulosic ethanol produced in
February 2013

e IBR Project has meet expectations for:

» Scope
» Schedule
> Budget
- Project is well aligned with BETO’s C o W et

Multi-Year Program Plan

Columbia River

e Future work under IBR Project:
» BP-2: IE Performance Test

Tidewater Barge

> BP-3: Performance Tests # , £ | Soed-out Rack

e ZeaChem is on-track for deployment of
1st Commercial Plant

|

-
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Acknowledgment and Disclaimer

Acknowledgment: This material is based upon work supported by the
Department of Energy under Award Number DE-EE0002880

Disclaimer: This report was prepared as an account of work sponsored
by an agency of the United States Government. Neither the United
States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any
legal liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately owned
rights. Reference herein to any specific commercial product, process,
or service by trade name, trademark, manufacturer, or otherwise does
not necessarily constitute or imply its endorsement, recommendation,
or favoring by the United States Government or any agency thereof.
The views and opinions of authors expressed herein do not necessarily
state or reflect those of the United States Government or any agency

thereof.
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