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l. BACKGROUND

Syngas production, whether by reforming, catalytic partial oxidation (COPox) or through
gasification is a “hot topic” for a number of key reasons. First, it’s of tremendous commercial
importance! The high growth in demand for new plants to produce hydrogen, now at 500 billion
Nm®/year (45 million mt/yr) and growing at 6+%/yr, are needed to quench its increasing use in
refining to meet new fuel environmental standards. This is coupled with the expansion of
chemical production in the Middle East, China and India. Moreover, the new applications of
gas-to-liquids (GTL) and coal-to-liquids (CTL) processes are moving into the construction
pipeline, with biomass-to-liquids (BTL) in fast pursuit. These very large projects, including
IGCC power projects from coal and new residue/petcoke gasification/reforming units in
refineries and Canadian tar sands expansion, mean process licensors, construction services and
catalyst companies will be hard pressed to serve the rapidly expanding market.

Second, along with high demand growth are the dual impacts of environmental regulatory driven
shifts in the choice of technologies, coupled with economically driven changes in both scale and
productivity enhancements. For example, the Kyoto Protocol requires the greater control of
“greenhouse” gas emissions via the reduction of CO,, CH4 and N,O. Therefore, capturing
streams via sequestration or destruct technologies (as in the N,O case) will become vitally
important in the new plant construction sector. These have also respurred research into such
areas as adsorption enhanced reforming (AER) and carbon dioxide reforming (CDR).

Third, overlaid on these advances has been the relentless demand for improved economics,
partially achieved by expanding economics of scale, and process simplification. In reforming,
well known examples like Air Blown Catalytic Reforming by Syntroleum, Air Products’s Heat
Exchange Reforming and Johnson Matthey’s Gas Heated Reforming (now Davy’s compact
reforming) highlight this trend.

The drive to reduce the overall syngas production cost has also witnessed step-out research and
development efforts like ceramic membrane reactors (ITM Syngas and OTM alliance) to obviate
the need for a cryogenic oxygen plant; catalytic plasma reactors; microreactors, (e.g., Velocys
and others); and membrane steam reforming with flameless distributed combustion (SMR w/
FDC) to name a few.

This industrial study “Syngas Production and Conversion to Products — A Strategic
Assessment of the Technologies, Markets and Competitive Landscape” compliments an
ongoing portfolio of similarly well- received studies that The Catalyst Group Resources (TCGR)
has delivered to clients over recent years. This growing experience demonstrates TCGR’s
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unique capability, resources and expertise to deliver exceptional insight. Past studies (and
current proposals) include:

* Biomass Conversion to Biofuels and Biochemicals - A Critical Assessment of the State
of the Technology: Feedstocks, Conversion Pathways, Products and Risks (proposed
May 2006)

» Alternative Energy and Fuels Technology

Volume 1 — Nonrenewables (completed August 2005)
Volume 2 — Renewables (completed September 2005)

» Gas-to-Liquids (GTL) — A Strategic Assessment of the Technologies, Markets and
Competitive Landscape (completed October 2004)

The value of TCGR’s insights comes from almost 25 years of active participation with leaders in
trying to elaborate and define the “key issues for success” based on industrial investment,
perspectives and in benchmarking developments. We continue to assist our clients through
timely information resources. Clients anticipate when TCG/TCGR offers a study, there is a
technology/business opportunity contained therein!

II. THE NEED FOR THE STUDY

The high level of attention focused on improving both the environment by the reduction of
greenhouse gas emissions and the drive to find alternative fuels, e.g., GTL, CTL and BTL from
non-petroleum sources, to the ability to produce syngas as an intermediate to power and fuels
from a variety of feedstocks, makes syngas a key technology pathway of choice. However,
whether it is reforming, partial oxidation of natural gas or light hydrocarbons, or the gasification
of heavier feedstocks like coal, heavy oil/bitumen or residue/pet coke, the production and
utilization of syngas in many cases is still seen as having significant economic, scale and
environmental challenges, as a competitive alternative today.

“Syngas Production and Conversion to Products — A Strategic Assessment of the
Technologies, Markets and Competitive Landscape” is a very timely two-part multi-client study
addressing the changing needs of the market(s) and issues facing business practitioners today.
Moreover, it offers a major business growth opportunity.

From a producer’s (syngas derivatives) perspective, there is a need to understand the problems,
challenges and opportunities, as they pertain to least cost economics, e.g., feedstock costs for
manufacturing ammonia, methanol, hydrogen, oxochemicals, alternative fuels and power
generation. Examining the trends in emerging technologies is therefore vital to their ongoing
competitive positions in the markets for syngas derivatives.



For energy, petrochemical, technology and catalyst providers, with the changing derivatives
markets in alternative fuels and power, e.g., IGCC markets, there is a need to grasp the likely
impact, choices and trends, customers are likely to demand in the new high growth segments.

While a number of information sources are available that benchmark and discuss derivatives
supply/demand, pricing and leading commercial technology in syngas enduse markets on an
individual basis, no integrated value-chain study assessment from feedstock to enduse has
been conducted to our knowledge. Moreover, none of these “quick picture” or “snapshot views”
on the enduse processes, which at best capture the top three (3) commercially used in the
industry today, provides the detailed business analysis nor the R&D pipeline examination
that can be used to determine the shifts/changes required to pinpoint future investment decisions.
TCGR’s timely study does this, and more.

. While natural gas is a consistent feedstock for reforming (within limits), feedstocks in
gasification vary widely - so much so that each process must be adapted and tailored
accordingly. Moreover, the gasification of coal, and to a greater degree biomass, face
technical challenges to physically feeding the gasifier so feed pretreatments become
specialized and can be overriding. Thus, understanding the latest flexibilities and
limitations are crucial to the economics.

. Another key trend that is unique and justifies this multi-client reassessment, is to evaluate
how these once disparate parts of the value chain are being integrated, to improve both
process and energy efficiencies. For example, the cost reduction and scale advantages for
Lurgi’s Megamethanol™ advances to 5,000 mt/day plants recently commercialized in
Trinidad, are based on this integration principle. The same trend is beginning to happen
elsewhere in IGCC power plants. One key opportunity is to examine how this can be
affected in other improved ways, for other processes.

. Another unique feature will be the examination of whether the “methanol trend” and
process advances, will have “knock-on effects” such as making methanol-to-olefins
(MTO) viable. If so, it raises other questions, like is this route a credible challenge to
cracker olefins? Or if not, where will the commercial fit provide advantage in the future?

. Strategic insights and assessment of the economic, market and environment drivers,
coupled with emerging technology and value-chain analysis, will allow subscribes to
derive unique perspectives relative to the ongoing business, that have not been analyzed
and presented in this form of report before.

Although the technical, strategic and market drivers are very important for business evaluation,
the environmental drivers are particularly critical, both from a compliance and public image
point of view. These issues of the environment and the warding off of climate changes are global
problems. Therefore, it is fair to assume that energy production throughout the world
(eventually) will be subject to comparable protective legislation.



I11. SCOPE AND METHODOLOGY

TCGR’s two-part study addresses the production and conversion of syngas from two distinct, but
entirely complementary, perspectives. Volume 1 addresses the technologies, technical
developments, competitive positions and catalyst market sizes in syngas production; VVolume 2
documents the syngas enduses marketplace, including the commercial/competitive situation in
technology development and selection, catalyst markets and growth, and implications on the
players (and their suppliers and customers), broken out as follows:

Volume 1: Syngas Production Assessment

TCGR’s study benchmarks the existing state-of-the-art in syngas production and evaluates the
pipeline of developments most likely to achieve significant advances in the next five (5) to
fifteen (15) years. The study also documents syngas production catalyst volumes and assesses
competitiveness of the players and likely new technology entrants. These analyses and
comparisons allow both syngas users and technology providers to fine tune their investment and
business development plans.

. Will either of the ITM Syngas or OTM Alliance projects on ceramic membrane reactors
prove to be commercially viable? What’s the latest status and what do the timelines look
like today?

. What niches, if any, will compact reforming and gas heated reforming fill? Why?

. Are Heatric (printed circuit heat exchangers) a real breakthrough? What are the pros and

cons? What about microchannel reactors and the approach being pursued by Velocys,
GTL Microsystems, etc.?

. What’s “hot” about Praxair’s Catalytic Hot Oxygen Reactor (CHOR)?

. What has led to Shell’s growing coal gasification success in China for CTL projects?
Why has GE (Texaco) not pursued (or been selected) for these projects, but rather has
been more successful with IGCC projects? Will this change?

. Following the lead of GE (acquiring Chevron’s gasification technology), what new
players can be expected to enter the gasification market? How will Siemens’ acquisition
of Sustec/Future Energy change the landscape? What are Eastman’s plans?

. Why should ConocoPhillips more vigorously pursue CoPox Licensing?

. To date, the syngas catalyst market for producers has been limited. Will new suppliers
and technologies challenge this position along the chain?

Volume | of the two-part study begins with a state-of-the-art assessment, both technologically
and economically, with an evaluation of the competitive landscape in syngas production



technology today. Historical perspectives also provide background that has led to the current
situation.

Developing processes and emerging technologies are then assessed individually (both
technologically and economically) for their impact on the future business environment and the
likely timing on their commercialization, industrially. Future R&D from academic and
government laboratories are reviewed for their contributions. The focus is on syngas production
comparisons and includes catalyst chain volumes and producer evaluations.

Volume 2: Syngas Conversion to Products - Commercial/Competitive Assessment

In Volume 2, catalyst and technology developers, as well as syngas users/converters, obtain
valuable insights from the more detailed review into the enduses for syngas, as we examine the
ammonia and methanol trains, hydrogen and alternative fuels/power markets. A particular
emphasis is placed on the alternative fuel enduses including F-T liquids, methanol (and its
conversion to DME and to diesel, via olefins), etc.

In completing Volume 2, TCGR undertakes a detailed and comprehensive analysis of the
competitive and strategic factors, questions and elusive answers about this growing industry.
Some of these include:

. With large coal-to-liquids (CTL) developments and commercialization about to begin in
China, when or how will CTL technology developments in catalysis and/or processes
begin to surpass those in the West? Will licensing Chinese technology be a future
option?

. With 5,000 t/day methanol plants today (e.g., Trinidad), what will be the new world-scale
plant — 10,000 t/day? How will this affect the shutdown economics of existing plants?

. How will technology integration improve the economics of integrated gasification
combined cycle (IGCC) in the future? What can be learned elsewhere for improvements?

. What new technologies and improvements in Fischer-Tropsch (F-T) productivity will
take place?
o What’s new in oxochemicals and acetyls that will change the balance?

In Volume 2, each enduse market, ammonia, methanol, hydrogen, chemicals, alternative fuels
and power generation consuming syngas is quantified in terms of volume, growth and value.
TCGR’s study goes beyond those of others by providing forecasts on catalyst usage by the
different types of units and will discuss the business dynamics involved with the suppliers and
users of catalysts and process technologies, and their likely improvement to costs in the future.
We analyze and discuss the evolving competitive landscape for process licensing and the new
and replacement catalyst markets. Relative economics, for comparison purposes, are also
generated.



In the study conclusions and recommendations for both VVolumes of the report, we take a top-
down as well as a side view of how different companies have (and can) position themselves to
best take advantage of this rapidly growing industry. As a result, business leaders receive
valuable competitive intelligence in understanding the business opportunities that can be derived
from the rapidly changing dynamics.

For those that understand and appreciate this massive study undertaking, you will know how
important and critically timely this evaluation is! We are standing at a critical crossroads as it
pertains to syngas production and conversion to enduse products. The next five years are certain
to be telling. Thus, TCGR’s study - a thorough assessment of this value chain — is warranted.

For details on Volume 1 and VVolume 2 contents refer to pages 11 - 33.



V. QUALIFICATIONS

The Catalyst Group Resources, a member of The Catalyst Group, works with clients to develop
sustainable competitive advantage in technology-driven industries such as chemicals, refining,
petrochemicals, polymers, specialty/fine chemicals, biotechnology, pharmaceuticals, and
environmental protection. We provide concrete proven solutions based on our understanding of
how technology impacts business.

Using our in-depth knowledge of molecular structures, process systems, and commercial
applications, we offer a unique combination of business solutions and technology skills through a
range of client-focused services. Often working as a member of our clients' planning teams, we
combine our knowledge of cutting-edge technology with commercial expertise to:

. Define the business and commercial impacts of leading-edge technologies
. Develop technology strategies that support business objectives.
. Assess technology options through strategy development, including:

- Independent appraisals and valuations of technology/potential
- Acquisition consulting, planning and due diligence

. Provide leading-edge financial methodology for shareholder value creation

. Lead and/or manage client-sponsored R&D programs targeted through our opportunity
identification process.

o Provide leading information and knowledge through:
- World-class seminars, conferences and courses
- Timely technical publications

The client-confidential assignments conducted by The Catalyst Group include projects in:
* Reinventing R&D pipelines
* Technology alliances
* Technology acquisition

* Market strategy

We have built our consulting practice on long-term client relationships, dedication, and integrity.
Our philosophy is clear and focused:

We Provide the ""Catalysts" for Business Growth by Linking Technology
and Leading-Edge Business Practices to Market Opportunities




V1. DELIVERABLES & PRICING

This report is timely and strategically important to those industry participants and observers
considering investment, as well as to catalyst and process technology companies considering
supplying the market. TCGR’s report, based on technology evaluations, market assessments and
interviews with key players goes beyond public domain information. As a result, subscribers are
requested to sign a company secrecy agreement (as part of the “Order Form and Secrecy
Agreement” on the following page).

The two-part study, Syngas Production and Conversion to Products: A Strategic Assessment of
the Technologies, Markets and Competitive Landscape, was completed in March/April 2007.

Volume | — Syngas Production Assessment $20,000
Volume Il — Syngas Conversion to Products Assessment $18,000
Both Volume I and Volume Il $34,000
Report in PDF format (each Volume), in addition to subscription price $1,000

* * * Notice to Members of TCGR’s Catalytic Advances Program (CAP) * * *

This multi-client report is distinct from the 2005 CAP technical report entitled Chemicals and
Synthetic Fuels from Coal and Biofeedstocks. Whereas the CAP report was a detailed
assessment of the ““state-of-the-art” in conversion technologies for biofeedstocks and coal, this
study takes a strategic, business and market-oriented approach exclusively to syngas production
and conversion. In addition to coverage of the technologies, this report emphasizes commercial
considerations, including suppliers, risks, the competitive landscape and factors for success.

Due to the complementary nature of this study to the CAP technical report, we are offering a
discounted price to CAP members. CAP members are requested to contact John J. Murphy at
215/628-4447, or jm@catalystgrp.com for further details. When completing the order form,
please make sure to indicate your company’s membership in CAP.




ORDER FORM AND SECRECY AGREEMENT

The Catalyst Group Resources, Inc. Tel: 215-628-4447
Gwynedd Office Park Fax: 215-628-2267
P.O. Box 680 e-mail: tcgr@catalystgrp.com
Spring House, PA 19477 website: www.catalystgrp.com

Please enter our order for Syngas Production and Conversion to Products: A Strategic Assessment of the
Technologies, Markets and Competitive Landscap, completed in March/April 2007, as follows:

Volume | — Synags Production Assessment $20,000
Volume Il — Syngas Conversion to Products Assessment $18,000
Volumel & Volumelll $34,000

Please enter our order for the Volume(s) to be delivered in PDF (Adobe Acrobat) format for use across our
sites/locations for an additional $1,000 (each Volume).

Please send us additional printed copies @ $250 each.

* * * \We are members of TCGR'sCatalytic Advances Program (CAP) and are therefore entitled to the
discounted subscription rate. * * *

In signing thisorder form our company agreesto hold thisreport(s) confidential and not make them
availableto subsidiaries unlessa controlling interest (51%) exists.

Signature: Date:
Name: Title:
Company:

Billing Address:

Shipping Address (no P.O. Boxes):

Express delivery services will not deliver to P.O. Boxes

City: State/Country:
Zip/Postal Code: Phone:
E-mail: Fax:

This report and our study findings are sold for the exclusive use of the client companies and their
employees only. No other use, duplication, or publication of this report or any part contained
herein is permitted without the expressed written consent of The Catalyst Group Resources.
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