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Industry-Government Workshop on
Ultra-Clean Fuels for the 21st Century

I. EXECUTIVE SUMMARY

A. BACKGROUND

The DOE Office Fossil Energy’s Coal Transportation Fuels & Chemicals, Natural Gas Processing, and
Petroleum Processing programs have formed a strategic partnership with a common mission: "Partner
with industry to ensure a stable, affordable supply of energy for the U.S. by assisting in the development
and deployment of technologies to produce ultra-clean burning, high performance transportation fuels
by the year 2010." To help establish a new fuels industrial base by 2010, this partnership will be issuing
a solicitation early in fiscal year 2000, to develop "Ultra-Clean Fuels for the 21st Century." In the
interim, comments and recommendations from industry are being actively pursued through public
meetings such as this workshop, and separate discussions with individuals and organizations.

The workshop was a one and a half day facilitated meeting that took place June 30-July 1 at the Adam’s
Mark Hotel in Dallas, Texas. The workshop brought together 34 senior managers from industry (19),
national laboratories (4), DOE Fossil Energy (7), DOE Energy Efficiency (2), DOD Army (1) and
EPA(1). Invited participants represented a cross-section of companies that produce fuels and chemicals
and perform systems engineering, and federal personnel involved in research, program, and policy
development and establishing environmental regulations.

B. WORKSHOP SUMMARY

Generally, industry participants were supportive of the need for a Government role in the development
of next generation ultra-clean fuels; were interested in actively participating in the debate over what the
public role should be in the technology development arena; and were excited at the prospect of playing
a major part in the design and development of a competitive program targeted at deploying advanced
fuels technologies that are at present too unproven, too risky, and too expensive for the industry to
develop on their own.

Energetics, Incorporated facilitated three breakout groups, each of which addressed the. same topics:
Vision and Goals, Barriers (technical and policy), R&D Priorities, and Other Actions.

One spokesperson from each breakout session summarized the comments and recommendations from
their respective groups.

Vision and Goals
The groups were asked to comment on the following DOE Vision and Goals:
Vision:

"The vision of the Joint DOE Fossil Energy Program is to partner with industry to ensure a stable,
affordable supply of energy for the United States, by fostering the development and deployment of
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technologies to produce ultra-clean burning, high-performance transportation fuels from domestic fossil
resources by the year 2010. These fuels will:

* Be compatible with existing transportation system infrastructure

* Produce lower emissions

* Enable the efficiency of the current vehicle fleet to be more than doubled when used in
advanced engine systems

* Be cost competitive"

Goals:

* By 2005, establish data and processes that will help the oil industry meet projected clean fuel
requirements :

* By 2010, establish an indust-ial base that will produce clean fuels from domestic resources not
now being exploited-for it -oduction (natural gas, petroleum by-products, and coal)

* By2020, establish anew U.S. fuels industry that produces SMM BPD from alternative domestic
resources and provides technology enabling 10MM BPD domestic and 10MM BPD imported
oil to meet ultra-low emissions specifications

1. Group B made a strong point that seemed to summarize many comments made by all three
groups:

"Simply stated, the (DOE) Vision lacks excitement, clarity and mention of the benefits to business.
CEOs would not generally be ready to commit resources to an enterprise with a vision as currently
written. It should include mention of global market opportunities and not limit itself solely to the
domestic side. There should not be a goal for oil imports, since this is much more a DOE policy than
an industry concern. There should be goals for development of the clean fuels infrastructure and supply

chain. There should be a goal related to the positive economic well-being of industry." Supporting
comments include:

"The Vision statement is authored solely by DOE; appropriate input by industry is needed (i.e., from the
management and strategic levels)"

"The Vision statement is lacking an international component"

"The Vision and goals give the impression of the government wanting to re-create a major coal-to-
liquids program. The SMM BPD of domestic production probably can’t be met with gas (and petroleum
by-products) and would mean a large crash effort for coal.”

2. Another major concern shared by the industry is the schedule for deploying the fuels
technologies:

"The Vision statement contains a schedule that is untenable"

"There is a disconnect in the time frame. The Vision addresses relatively long-term considerations and
aims at 2010. Yet, the Tier II rules from EPA — will need to be met by 2005. Asa practical matter,
there is not enough time for the government to launch a RD&D program — that would produce products
in time to meet near-term targets."

Group A prepared a revised Vision statement:

e e —
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"Work effectively with industry to meet the growing demand Jor cleaner transportation fuels in a

manner that strengthens the competitive position of the U.S. energy industry while serving other
national goals."

- Barriers
The barriers to achieving DOE’s vision and goals can be categorized as follows:

1. Policy/Regulatory

"The U.S. does not have a long-term energy policy — which prevents industry from achieving DOE FE’s
goal of producing SMM BPD of fuels from domestic resources." (Paraphrased)

"Industry views this (the ultra-clean fuels initiative) as an environmental/policy-driven activity and
(industry) is geared toward responding to what the law requires. There is inherent reluctance to ‘get out
in front’of the regulators."

"Industry believes that closer discussions between EPA and industry may have led to a more reasonable
goal for 2004."

"The greatest government barrier is the lack of adequate domestic resources (other than coal) to meet
the SMM BPD goal."

2. Government-Industry Partnership

The industry participants were generally negative toward the government - industry consortium
approach. This is because several major players have already teamed with others who share common
interests and have begun to develop competitive technology solutions addressing the resources and
reserves they have under their control. As a result, they do not believe that companies are willing to
share their intellectual property with potential competitors in the consortium. They would be more
likely to partner through formation of separate teams to pursue commercialization of specific
technologies, perhaps in a manner similar to that of the Early Entrance Coproduction Plant initiative.
One team also commented that: "Implementation of industry-government consortia is typically a
complex and cumbersome undertaking."

There is much concern over the intellectual property issue: "Rules regarding the treatment of intellectual
property need to be spelled out in considerable detail and must be acceptable to both sides of the
partnership."

3. Technical

Two teams noted that there is no proven commercially viable sulfur removal technology — will require
new technology.

"There is a lack of breakthrough ideas — and when one is identified, commercialization moves at an
inherently slow pace."” “

"There is a lack of knowledge about emissions-efficiency trade-offs; in some areas, basic understanding
of chemistry is lacking."

"The greatest engineering barrier is the need to scale-up and demonstrate (at the proof-of-concept scale),
but this is high risk (and high cost)." ’

W_
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4. Marketing/Economics ‘

"Because of the relatively weak market outlook for clean fuels, industry does not have the incentive to
launch major RD&D initiatives to develop them, and the government has difficulty gaining sustained
public support for clean fuels RD&D programs."

Participants also noted that the combination of very-high capital costs to produce 5SMM BPD
(approximately $100B) and the perceived continuation of low oil prices constitutes a major barrier to
establishing a new fuels industry.

R&D Priorities and Other Actions

The following comments are grouped according to the categories created by Group C:

1. Funding and Policy

"The U.S. must develop a long-term energy policy and continue to foster dialogue with industry."
"Try to determine what industry needs but is not doing."

"Rethink program goals — domestic resources, near- and long-term goals and feedstocks."
"Retool the vision and goals to include industry input."

"Coordinate the goals of this activity (ultra-clean fuels) with other government programs so the
distinctions are made crystal clear." '

"Alternative capital funding to reduce capital investment risk is needed to promote innovative
technologies for producing ultra-clean fuels."

Intellectual Property: "Rules need to be well-defined, — make the rules clear before the solicitation is
issued."”

2. Basic and Applied Research

- All three teams agreed on the need for economic sulfur removal technology.
"F-T technologies need to be enhanced, especially in the areas of attrition-resistant, more efficient
catalysts, catalyst/wax separation and nanotechnologies for iron catalysts."

For refineries: "Develop more efficient hydrogen separation technology — and evaluate short-term
processing options through RD&D."
"Optimize fuel and engine design."

3. Systems Analysis

"A comprehensive analysis should be conducted of the entire clean fuel cycle and supply chain."
"Focus on the most cost-effective global technology solution (fuel type, location, diversification, etc.)".

"Integrate new technologies into existing plants (power, chemicals, hydrogen, etc.) — to lower capital
 cost barriers and provide for more efficient use of energy and resources."

C. CONCLUSIONS

'+ The DOE vision should be global-oriented, i.e., strengthen the U.S. energy industry’s
competitive position in producing clean fuels from the world’s fossil resources.
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* The DOE’s 5SMM BPD target from domestic resources is too aggressive and unrealistic
considering the very-high capital cost that would have to be invested to produce that amount of

ultra-clean fuel. Significant economic and environmental advantages for the U.S. can result if
only half of this goal is achieved.

*  The ultra-clean fuels RD&D program probably will not help industry meet near-term Tier II
regulations, although there will be a continuing need for advanced fuel technologies. The
government should work with industry to define their needs, then embark on a mid- to long-term

research program that strengthens U.S. competitiveness and also helps meet national policy
goals.

* Industry is generally not in favor of a government-industry consortium. Companies, who have
begun to develop their own technology solutions, do not want to share intellectual property
rights with potential competitors. The purpose of the ultra-clean fuels initiative should be to
assist industry in mitigating the substantial risk and capital investment required to scale-up and
test technologies. A competitive teaming approach with multiple projects, each with its own
industry lead team, is strongly supported and preferred by industry. The Early Entrance
Coproduction Plant initiative may serve as a good model for this latter approach.

*  There is a weak market for clean fuels, thus industry doesn’t have the incentive to launch major
RD&D initiatives and support high-risk, high-payoff technology scale-up and testing.

* The main R&D priority is to develop economic means for sulfur removal. Other research needs
include:

- Development of better F-T catalysts and hydrogen separation technology

- Evaluating refinery processing options for short-term implementation of clean fuels production

- Analyzing the entire clean fuel cycle and supply chain and integration of new fuel techriologies
into existing power, chemicals, etc. plants to provide for more efficient use of energy and
resources.

* There is a general lack of breakthrough ideas, which implies a need for more emphasis on basic
research.

*  The participants agreed strongly with DOE’s plan to hold more meetings with industry prior to
release of the ultra-clean fuels solicitation

e e .
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II. WORK-GROUP PRODUCTS

A. OVERVIEW

This section presents the raw results of the small-group facilitated sessions. Each group followed the
same process. They first reviewed the draft vision and goals presented in the plenary vision, providing
comments, clarification, or rewritten statements. Based on this, the groups then brainstormed on the
question: What are the barriers to achieving this vision and goal? Analysis and prioritization resulted
in a high-priority set of barriers. These were the basis for a subsequent brainstorming session to answer
the question: What are the actions (RD&D and others) to remove these barriers?

B. GROUP A: DISCUSSION SUMMARY
Comments on Visions and Goals

¢ The Vision Statement is authored solely by DOE; appropriate input by industry is needed
(i.e., from the management and strategic level of industry)

¢ The Vision Statement contains a schedule that is untenable
¢ The Vision Statement is lacking an international component - either by design or by accident

¢ The Vision Statemnent should clearly identify the high-risk/high-payoffelements that justifies
government involvement or industry investment

"¢ Ona positive note, the Vision Statement recognizes the need for alternative fuels
¢ Arevised Vision Statement prepared by Group A reads: "A DOE that is working effectively

with industry to meet the growing demand for cleaner transportation fuels in a manner that

strengthens the competitive position of the U.S. energy industry while serving other national
goals.

¢ The goals were perceived to be congressional goals that simply referenced laws, regulations,
" and statutes

¢ There is no mention in the goals of reducing sulfur
¢ There was a general belief that the goals sounded too much like vision statements

¢ Some believed that the goals were to ambitious, especially given the time constraints posed
by the current EPA Tier II requirements

Barriers

¢ The greatest barrier on the part of the public is their willingness as consumers to pay for
environmental benefits

e R —
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* ¢ The greatest government barrier is the inadequaté domestic resources (other than coal) that
can meet the target goals

¢ The greatest barrier from the industry standpoint is issues of intellectual property and
proprietary positions. Many felt, however, that this might be a matter of communicating up
front (or before the issuance of any RFPs) how intellectual property can be maintained

¢ Thetwo greatest technological barriers are (1) the ability to remove sulfur and aromatics from
diesel will require new technology, and (2) catalyst performance and life

¢ The greatest engineering barrier was believed to be the fact that high-risk scale-up and
demonstration (proof-of-concept) has not been done

¢ Two economic barriers were identified: (1) there is a finite time until refinery investment
decisions can be made, and (2) the required capital for S MM barrels/day is too high

RD&D and Other Actions

¢ There were two primary and two secondary actions related to overcoming barriers through
technological, engineering, or scientific means. The two primary actions are

I.

Develop a separation technology for more efficient hydrogen use in refineries. This
action arises from the belief that it is unclear whether or not the technology exists or (if
it does) whether it is even cost effective.

Develop a short-term program aimed at refinery processing options. This action could
be implemented through the (cost) augmentation of demonstration programs and R&D.

The two secondary actions are

1.

Develop an innovative catalyst for sulfur/nitrogen removal from crude/resid.

2. Develop a heavy distillate and resid sulfur removal technology.

¢ There were four primary and two secondary actions related to overcoming barriers from an
institutional, program, or design standpoint. The four primary actions are

1.

For intellectual property (IP) issues, make the IP rights clear before the RFP is issued.

2. Try to find out what industry wants but is currently not doing. This will

a. be a good use of DOE money

b. encourage high-risk and long-range activities

c. encourage consortia (such as the membrane consortium)

d. allay capital risk

Rethink the program goals related to independent domestic resources. These actions can
include

a. identify near-term goals and feedstocks

b. identify long-term feedstocks (coal)

Focus on the most cost-effective global technology solution (i.e., fuel type, location,
diversification, etc.)

e e e — ____—— —  ——  ————  ——— —— ——— ST
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The two secondary actions are

1. Retool the vision and goals to include industry input and reflect the DOE/FETC roles and

responsibilities

2. Get oil company feedback on needs for technologies related to ultra-low sulfur fuels

The following tables presents the products of the group’s discussions:

¢ Table 1 - Group A: Comments on Vision and Goals

¢ Table 2 - Group A: Barriers.

¢ Table 3 - Group A: R&D and Other Actions to Overcome the Barriers

Table 1 - Group A: Comments on Vision and Goals

COMMENTS ON VISION

COMMENTS ON GOALS

"Economically" producing
Does not recognize market viability

Disconnect re: timing

"Congressional" goals per regulations/statutes/litigation
Sulfur? no mention (implied?)

Need overarching high-risk high-payoff goals

Domestic focus is constrained Targets too ambitious

(+) Alternative fuels focus by government Too general - sounds like vision statement
Lack of "high-risk/high-payoff" element (long-term)
International component (lack of)

Too "DOE driven"

Need industry-driven vision

"Significant improvement to vehicle fleet . . . " not in vision

Suggested Vision Statement: A DOE That is working effectively with industry to meet the growing demand
for cleaner transportation fuels in a manner that strengthens the competitive position of the
U.S. energy industry and serves other national goals

L e -
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C. GROUP B: DISCUSSION SUMMARY

Comments on Vision and Goals

¢ There was some confusion about the audience for the vision and goals. There were two main
points of view: 1) a government-led program in need of strong industry participation, and 2) an
industry-driven activity. Those who held the industry-driven view saw many shortcomings in
the vision and goals. Simply stated, the vision lacks excitement, clarity, and mention of the
benefits to business. CEOs would not generally be ready to commit resouices to an enterprise
with a vision as currently written. It should include mention of global market opportunities and
not limit itself solely to the domestic-side. There should not be a goal for oil imports, since this
is much more of a DOE policy than an industry concern. There should be goals for development

of the clean fuels infrastructure and supply chain. There should be goals related to the positive
economic well being of industry. ‘

¢ Thereisadisconnectin the time frame. The vision addresses relatively long-term considerations
and aims at 2010. Yet, the Tier Il rules from the EPA, if enacted in their current form, will need
to be met by 2005. Perhaps the vision could be structured in two parts with both near and long
term components. The relationship between government and industry will be radically different
in each of these components. For example, industry, if mandated to do so, will meet the Tier II
requirements and as a practical matter there is not enough time for the government to launch a
RD&D program (which may not even be funded until fiscal year 2001) that would have the
chance of producing usable products in time to meet the near-term targets.

4 The vision and goals give the impression of the government wanting to re-create a major coal-

to-liquids program. The 5 MMBPD of domestic production probably cannot be met with gas and
would mean a large crash effort for coal.

¢ There were questions about the overall scope and what should and should not be included.
Several wondered why vehicle efficiency was a part of the vision and goals since it was covered
extensively in other programs. If it is, there is need for extensive industry representation from
that segment. Several wondered why stationary uses of clean fuels, particularly in chemical
production but also heat and power generation, was not included in the vision and goals.

Barriers

¢ The economics of creating a clean fuel industry don’t exist today and the major policy and
market drivers are not pushing toward conditions where clean fuels will be hotly desired by
consumers unless the costs can be reduced substantially.

¢ Because of the relatively weak market outlook for clean fuels, industry does not have the
incentive to launch major RD&D initiatives to develop them and the government has difficulty
gaining sustained public support for clean fuels RD&D programs. Industry views this as an
environmental-policy driven business activity and is geared toward responding to what the law
requires. There is inherent reluctance to get "out-in-front" of the regulators on this issue.

¢ There is a lack of breakthrough ideas in this area despite considerable levels of RD&D over the
past 20 years. Even if identified, the commercialization process moves at an inherently slow
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pace in this industry because the capital stock turnover is relatively slow and facnlmes tend to
be large, capltal -intensive assets.

«  There is 2 lack of knowledge about emissions and efficiency trade-offs in the use of clean fuels.
In some areas, basic understanding of the chemistry is lacking. '

» Implementation of industry-government consortia is typically a complex and cumbersome
undertaking. Rules regarding the treatment of intellectual property need to be spelled out in
considerable detail and must be acceptable to both sides of the partnership.

RD&D and Other Actions

» Fischer-Tropsch technologies need to be enhanced particularly in the area of attrition resistant
catalysts. Research needs include resolving the Fischer-Tropsch iron ca+ :'yst/liquid separations
problem and in the use of nanotechnologies for iron catalysts that are  rdier, more efficient,
and have a longer useful life.

o There is also need for new technologies that reduce the sulfur content of fuels economically.

» - Effortisneeded to coordinate the goals and objectives in the implementation of this activity with
other government program so that the distinctions between this and related programs are made
crystal clear. Technology development priorities should be well-aligned with expected EPA
requirements. EPA should fully understand technology opportunities and limitations and set
regulations accordingly.

« Rules for intellectual property need to be well-defined and accepted by the key participants.

» A comprehensive analysis should be conducted of the entire clean fuel cycle and supply chain.

The following tables present the products of the group’s discussions:
¢ Table 4 - Group B: Comments on Vision and Goals

¢ Table 5 - Group B: Barriers

¢ Table 6 - Group B: RD&D and Other Actions to Overcome the Barriers

e — e

e e
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D. GROUP C: DISCUSSION SUMMARY

Comments on Vision and Goals

A revised set of suggested goals are listed in Table 7.

Barriers

The barriers are organiied according to which goals they address. The topics within the goal areas are
as follows:

¢ Barriers to 2004 Goal
- Political / Policy
- Technology / Economics

¢ Barriers to 2010 Goal and Barriers to 2020 Goals
- Political / Policy
— Technology / Economics
— Science
— Funding

¢ 2004

The primary technical barrier to meeting EPA Tier 2 emission standards is that there is currently
no proven commercially viable sulfur removal technology. The technologies that currently exist
are generally too expensive for widespread use. The primary political barrier to achieving the
2004 goal is that there is no clear agreed upon mechanism for industry-government partnership.
Many individuals in industry are concerned about meeting the EPA standards in the currently
set timeframe and believe that closer discussions between EPA and industry may have led to a
more reasonable goal for 2004.

¢ 2010
The top priority barrier to commercializing alternative feedstock derived ultra-clean fuels with
significantly improved conversion efficiencies is the high capital cost of clean fuels technology.
It is currently difficult to fund alternative feedstock technologies due to the low price of
petroleum. The combined low oil cost and high capital cost of installing new equipment in
refineries leads to a lack of interest in innovation in a non-mandate environment.

¢ 2020
The U.S. currently does not have a long-term energy policy. The lack of policy and motivation
is what is preventing the industry from producing the goal of 5 million barrels per day of fuel
from alternative domestic feedstocks. Even if the price of domestic feedstocks increase in the
coming years, imports are still expected to remain inexpensive. There no direct, low-cost
conversion technologies to allow for the production of fuels from alternative feedstocks.

RD&D and Other Actions

The R&D is organized into four major groups and several subgroups as follows:
4 Funding and Policy
¢ Systems Analysis

Page 19 Work-Group Products
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¢ Basic Research

— Advanced Separations

— New Approaches

— Direct Conversion

- Advanced Catalyst Research
¢ Applied Research

- Fuel / Engine Technology

— Reactors / Catalysts

~ Other

Funding and Policy

Alternative capital funding (such as non-recourse bonds) to reduce capital investment risk is needed to
promote innovative technology for producing ultra-clean fuels. These funding sources will help to
ensure that R&D efforts are focused and that the efforts remain sustained regardless of outside market
forces such as low feedstock prices. The U.S. must also develop a long-term energy policy and continue
to foster dialogue with industry.

Systems Analysis
Plant integration into various infrastructure such as power plants, chemicals, hydrogen, and desalination
facilities can lead to more energy and resource efficient operations. Meshing new technologies with
existing facilities could help lower the capital cost barriers inherent in implementing entirely new
processes.
Basic Research
Direct conversion of a fossil-based feedstock to an ultra-clean fuel is theoretically the most efficient way
of producing fuel. Fundamentally examining direct conversion mechanisms may lead to great
advancements. One of the potential direct conversion mechanisms is the conversion of methane to
methanol.
Applied Research
In the short term, there should be focused research on the removal of sulfur. This will help to meet EPA
Tier 2 requirements. Another key research need is to optimize fuel and engine design. The idea of
"designer fuels" is that the fuel and engine are developed to work together specifically.
The following tables present the products of the group’s discussions:

¢ Table 7 - Group C: Revised Goal Statements

¢ Table 8 - Group C: What are the Barriers to Achieving the Goals?

¢ Table 9 - Group C: What R&D is Needed to Overcome the Barriers?
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III. SUMMARY SESSION

The session opened with "report-outs” from the three breakout groups. The detailed comments on vision
and goals, along with the storyboards on barriers and actions developed by the groups have been

presented in Section II. The following are selected highlights of the groups, as presented by group
representatives.

A. GROUP A: REPORT-OUT

In general, the group was excited about the fact that there is an integrated effort across government
agencies—it is the only way to get the right solution to this kind of a problem. The group thought they
needed to take a step back and reassess the vision and goals. For example, the ability to meet the 5 MM
barrel per day goal is questionable given the time frame, the level of capital investment required, and
the resource mix required. Also, with this production target, coal would likely be the predominant
resource. The group consensus was a vision with the government as an enabler of technologies in a

~ manner that both strengthens the competitive position of the U.S. industry and serves other national
goals.

With respect to the barriers, the group generally broke them into technology/engineering and
institutional/program design issues. To see if there were substantive differences between viewpoints,
the group elected to split their votes into industry and government. By and large, the two groups saw
{issues the same way. Generally, unless major policy and market drivers change, the economics for ultra-
clean fuels do not exist today. A key technology barrier clearly is the ability to remove sulfur,
particularly below 30 ppm. There is a general lack of breakthrough technologies and ideas that might
lead to the necessary cost reductions. A key non-technical issue is intellectual property along with the
often cumbersome nature of industry/government partnerships.

For solutions (RD&D and other actions), innovative catalysts for removing sulfur and separations
technology are critical needs. An up-front understanding of how intellectual property agreements are
going to work is critical in responding to any request-for-proposal. Another area is to ensure that
government support is focused on longer-range, higher-risk technology. Also, to move the process
forward and assure integration of fuels and engine development, the automakers should be involved.
This is a key piece of the value claim.

B. GROUP B: REPORT-OUT

As with Group A, general comments on the vision and goals were the starting point. If 5 million barrels
per day is the goal, the majority of that will have to come from coal. Moreover, the industry is looking
at all resources, not simply domestic resources. There is a global market reality that must be recognized.
There is a big difference between a policy to use domestic resources and one to diversify fuel resources
in a world market. Also, there is probably a timing mismatch between the 2020 goals and the Tier II
requirements, which are much more near-term. In general, the potential industry/government
relationships are likely quite different for the two time frames. Industry response to Tier Il requirements
does not have the luxury of waiting for a R&D program.

With respect to barriers, key items included the need for improved understanding of the effects of fuel
properties on emissions and the need for technology for economical conversion of coal, particularly
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breakthrough technologies. With respect to policy, industry currently does not have the economic
incentives for alternative fuels; the economics are simply not there without technology breakthroughs.
As with Group A, intellectual property issues are critical.

For solutions, economic sulfur reduction technologies, better Fischer-Tropsch catalysts, testing and
demonstration to analyze the entire fuel cycle, and feasibility analysis of the role oxygenates can play
were key items. Also a comprehensive analysis of the entire fuel cycle would aid in delivering resource-
process-performance options and opportunities.

C. GROUP C: REPORT-OUT

The group had a lively discussion concerning the goals, including a global versus domestic focus and
the respective roles of industry, DOE, and EPA. The group distributed the goals into three time frames:
short (Tier II in 2004), medium (2010), and long (2020). In the short-term, EPA requirements must be
met by improvements in current refining technology. In comparison, the long-term goal is to
commercialize ultra-clean fuels from alternative feedstocks, including direct conversion technology.

‘Barriers included the lack of clear mechanisms for government/industry collaboration, the lack of proven
sulfur-removal technology, the public’s unwillingness to pay for environmental costs, and the lack of
fundamental and applied studies for direct conversion. Under current low-price crude scenarios,
industry simply does not have the incentive to look at most of this. Also, in the context of a global

economy, clean fuels and use of domestic resources are quite different goals, though not mutually
exclusive.

For solutions, the groupings were funding and policy, systems analysis, basic research, and applied
research. Basic research topics included advanced catalysts, direct conversion and advanced separations.
Applied research topics included cost-effective sulfur removal technology and the optimization of fuel
and engine design. Systems analyses focused on developing technologies that can be integrated into
existing infrastructure in an economic manner. Funding and policy actions included the alternative

capital funding to reduce investment risk in new technology, and stable long-term energy policy to guide
and promote longer-term work.

D. CLOSING COMMENTS

Following the group report-out, a general discussion was held to get closing comments and final
thoughts. Perspectives and observations from this include:

* In reaching 30 ppm sulfur, the issue is cost, not technology capability; the real issue is
whether the public is willing to pay the price.

* To reach 5 ppm sulfur, however, is a much more difficuit challengé—the technology is not
there.

 [f technology-driven, not policy-driven solutions are going to be the answer, industry and
government are going to have to collaborate to find acceptable solutions.
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' * The issue of domestic vs. other production is strictly a government policy issue, not an

industry-related decision; from the industry perspective, the economics of a global approach
will prevail.

e If 5 million barrels per day is the goal, the vast majority of it (75-80%) would have to come
from coal. ~

* There isaneed to clearly distinguish between two models for a program: a government based
one and a joint industry/government one. A basic question is whether (and how) a long-term
relationship will be achieved between government and industry.

¢ What is the role of R&D in a world where environmental targets are politically motivated and
constantly changing? '

¢ Clear distinctions need to be made between short-term and long-term goals, and industry
needs to help with roadmapping.

* Promising and breakthrough technologies need to be identified and pursued, especially as
they relate to possible Tier II solutions.

* There is a need for DOE to more broadly share the program concept with a broader range of
stakeholders, including industry leaders and decision makers.

* There is a general emphasis necessary on alternative fuels development; very novel ideas and
basic science work is required for the significant breakthroughs needed for cost-effectiveness.

* The public benefits of accelerating technology development for environmental improvements
need to be clearly specified. It must be recognized that they require a time frame quite
different from what industry would do on its own for economic purposes.

» If one of the government’s goals is to help industry move their technologies from the lab to
market, then partnering through 7 -~ ortium is not the optimum strategy. The owners of a
particular technology are not wi share their intellectual property with others.

N AR O R i i e e i R R R O R R R REEESSS—S—SS———
e
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IV. PRESENTATIONS

GREGORY KAWALKIN
Senior Advisor, DOE-FETC

GLENN PASSAVANT
Senior Program Manager, EPA

DEXTER SUTTERFIELD
Technology Manager, DOE-NPTO

VENKAT K. VENKATARAMAN
Product Manager, DOE-FETC

JOHN WINSLOW
Product Manager, DOE-FETC

W
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A. Presentation by:

GREGORY KAWALKIN
Senior Advisor, DOE-FETC
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1999 MY Light Vehicle and Truck Classifications

10000 -
Dodge 2500
p/u
Dodge 350 van - Dodge 3500 HEAW DUTY
GM 3500 van p/u
9000 + Hummer Ford F350 p/u
Ford Excursion Suburban 2500
Ford F250 p/u
ON-2388-pir
| LDT3 GM 2500 van
8000 |
Dodge 1500 p/u  Expagition/Navigator
GM 1500 p/U Ta ukon
Dodge 150/250 van 4 .
7000 4 GM 1500 van * Land C
6000 @m
LDV/LDT1 Explorer LDT2
, T10§ p/u| Blazer/Jimmy
: E Grand Cherokee 5y
Isuizupiu  a=rl 4-Runner  minivans
Nissan p/u Pathfinder
5000 + . Tacoma p/u
Kia SUV Ranger}:.u Passport
Tracker  |oparokek Montero
RAV4
4000 -
3000 -

2000

i 1 i Il {

! il

i

i

2000

2500 3000 3500 4000 4500

5000 5500

Curb weight

T

6000

6500

7000
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APPENDIX A. GAME PLAN

A. PURPOSE

The DOE Office of Fossil Energy (FE) plans to sponsor research to develop advanced technologies for
producing premium transportation fuels from domestic feedstocks. The DOE’s intent is to facilitate the
establishment of an industrial base in the U.S. that will produce the next generation of high-performance,
low-emission fuels from our domestic fossil resources of coal, natural gas, and oil.

In this workshop you will help identify the current and potential barriers to achieving this goal and the
technology approaches to overcoming them. While participants will help define the major technical
challenges facing the production of "ultra-clean" fuels, the development of a comprehensive technology
plan is not the focus of this workshop. However, the workshop results will be used to develop a

technology roadmap, which will provide the R&D framework—the research strategies, pathways, and
timing—to achieve the goals.

B. EXPECTED OUTCOMES

Through the workshop, we will:

» Identify the key barriers (scientific, technology, engineering, market, regulatory, and
business) to achieving an ultra-clean fuels capability using domestic resources

« [dentify the R&D topics that can help overcome these barriers

» Assess the near-, mid-, and long-term nature of this R&D

» Examine the respective industry and government roles in this R&D

* Identify opportunities for industry-government collaboration

The workshop is expected to begin a dialog within the fuels community on how to develop strategic

alliances among industry and government to achieve the goals of ultra-clean fuels from domestic
resources.

C. GENERAL FORMAT

The workshop will be a 1% day facilitated meeting that will take place June 30-July 1, 1999 at the
Adam’s Mark Hotel in Dallas, Texas. The workshop will bring together about 40 senior managers and
technology experts from various segments of the fuels industry. Invited participants represent a cross-
section of companies that produce fuels and chemicals, industry trade and research organizations, and
government research managers. The workshop will include a plenary session, facilitated working
sessions, and a summary session.

The following guidance will help prepare you for the workshop:
Prior to the Workshop — Participants should consider the major competitive issues and market

drivers that will shape the fuels industry in the next 20 years and how and where advanced
technology can play a role in matching regulatory requirements to market development.
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Thursday, July 1

Breakout Group Sessions: Based on the "top 5" high-priority barriers from the previous day,
the same groups as the previous day will examine the R&D opportunities to overcome these
barriers. The groups will brainstorm to identify a set of R&D topics that can help overcome the
barriers. The group will assess the near-, mid-, and long-term nature of the R&D and vote on
priority topics. The potential DOE and industry roles in the R&D will be examined, along with
the opportunities for and possible structure of industry-government collaboratives.

Summary Session: This session will bring the breakout groups together to present concise
summaries of their group deliberations. Participants will be encouraged to engage in a
discussion of the findings of each group and the common technical challenges. Participants will
also have an opportunity to give concluding remarks and suggest next steps.

F. WORKSHOP PRODUCTS

The registrants will receive a copy of the workshop proceedings, which will contain all the

A draft report incorporating the raw materials (the "storyboards") developed during the facilitated
sessions will be prepared and distributed to participants for review and comment within one week of the
workshop. Any consensus results of the workshop will not be changed. Comments received will be

incorporated into a workshop proceedings document that will be distributed to participants within one
month.

These products will then be used by the department in the planning and analysis of a program initiative
forultra-clean fuels, as outlined in the draft strategy paper Fossil-Derived Ultra-Clean T ransportation
Fuels for the 21st Century. The workshop will not result in any decisions to fund specific R&D projects.
It is intended to gather opinions on critical R&D drivers based on judgements of technical and market
needs.

The mechanisms by which FE subsequently implements research activities will, in large part, depend
on the guidance it receives from you and other industry leaders. Examples of recent FETC procurement
strategies that may be applicable include: a) the Early Entrance Coproduction Plant (EECP) solicitation;
and b) the Premium Carbon Products Consortium. These two approaches are very different. The EECP
initiative required the formation of industry-led teams, with each team comprising all the organizations
that are needed to deploy the technology. The Premium Carbon Products Consortium is comprised of
companies that contribute funds, which are then leveraged with DOE’s to sponsor industry solicited and
selected research. Whether one of these approaches, or another is selected, DOE’s long term goal is to
assist industry in developing the technologies necessary to produce the next generation of clean, ultra-
low emission, premium fuels. Through this public/private sector partnership we envision the
development of a suite of technologies that will enable the U.S. to draw upon its domestic resources
(coal, oil, and gas) to help meet the anticipated and more stringent environmental regulations that are
being imposed on the transportation sector.

i e e —
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AGENDA
ULTRA CLEAN FUELS WORKSHOP
June 30-July 1, 1999
Time Activity Presenter
WEDNESDAY, JUNE 30
7:00-8:00 AM Registration/Continental Breakfast

Plenary Session

8:00-8:30 AM Opening and Welcome Remarks Thomas Torkos, Associate

Director,  Fuels & Specialty

Markets, DOE- FETC

William Lawson, Director, DOE-
NPTO

Lowell Miller, Director, DOE -

HQ Coal Fuels & Industrial

Systems

Pandit Patil, Director, DOE
Advanced Automotive

Technologies

8:30-9:00 AM Collaboration Models and Opportunities for Gregory Kawalkin, Senior
Ultra-Clean Fuels R&D Advisor, DOE-FETC

9:00-9:30 AM Regulatory Developments: Tier I and Beyond |Glenn Passavant, Senior Program
Manager, EPA

9:30-10:00 AM  |Industry Perspectives on the Challenges of Tier |Open Discussion

II
10:15-11:45 AM |DOE Fossil Energy Fuels Programs Dexter Sutterfield, Technology
Manager, DOE-NPTO
Venkat Venkataraman. Product
Manager, DOE-FETC
John Winslow, Product Manager,
DOE-FETC
11:45-12:00 PM |Instructions for Breakout Sessions Rich Scheer, Energetics, Inc.
12:00-1:00 PM Lunch
1:00-5:00 PM Breakout Sessions on Barriers

Group 1. Roadmapping for Fuel products A Rich Scheer, Energetics, Inc.
Group 2. Roadmapping for Fuel Products B Melissa Eichner, Energetics, Inc.
Group 3. Roadmapping for Fuel products C Chris Caperton, Energetics, Inc.

e e e ———
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ULTRA CLEAN FUELS WORKSHOP (continued) .
June 30-July 1, 1999

Time Activity Presenter
THURSDAY, JULY 1
7:15-8:00 AM Continental Breakfast
8:00-12:00 PM Facilitated Breakout Sessions on R&D Topics, Strategies, and Collaboration

Group 1. Roadmapping for Fuel Products A Rich Scheer, Energetics, Inc.
Group 2. Roadmapping for Fuel Products B Melissa Eichner, Energetics, Inc.
Group 3. Roadmapping for Fuel products C Chris Caperton, Energetics, Inc.

12:00-1:00 PM Lunch
1:00-2:00 PM ' Summary Session
Group Reports : Group Representatives
‘Common Themes Rich Scheer, Energetics, Inc.
2:00-2:30 PM Next Steps and Action Items
2:30 PM Adjourn

.m
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During the Workshop — Participants will actively share ideas through facilitated sessions.
Structured brainstorming and focused analysis will be used to identify critical issues and build

consensus on strategic paths. Participants should come prepared to work. Bring your ideas and
wear comfortable clothes — all materials you need will be provided to you.

After the Workshop — A draft report will be prepared and circulated to participants for review
and comment. Additional information may be sought to clarify points and provide technical
insight, although any consensus results of the workshop will not be changed. After all
comments are received and integrated, a final report will be issued.

D. BACKGROUND

Major automobile and truck manufacturers have expressed concern over the availability of fuels to meet
forthcoming EPA Tier Il emissions standards for light-duty vehicles. Three FE programs, the petroleum
Oil Processing Program (OPP), the natural gas Gas-to-Liquids (GTL) program, and the Coal
Transportation Fuels and Chemicals (CTF) programs are targeting the development of a suite of
advanced fuels intended to meet EPA’s Tier II standards without a major impact on the transportation

infrastructure by collaborating in a jointly-sponsored Advanced Transportation Fuels Development
Program. v :

The mission of the joint GTL/OPP/CTP Program is to partner with industry to ensure a stable, affordable
supply of energy for the U.S. by fostering the development and deployment of technologies to produce
ultra-clean burning, high-performance transportation fuels from domestic resources by the year 2010.

E. WORKSHOP STRUCTURE

The workshop is designed as a product-oriented meeting in which participants have active roles. The
workshop will consist of four separate sessions spread over 1Y days. Each session is described below.

Wednesday. June 30

Plenary Session: The objective of this session is to provide perspectives on the technical,
regulatory, and market drivers for ultra-clean fuels. You will hear a variety of perspectives on
market opportunities and needs and an overview of the current status and future direction of
fuels technologies. EPA Tier II requirements for fuel products will be discussed, and FE
perspectives on requirements beyond Tier [I—for diesels, gasolines, and fuels for fuel cells—will
be presented and discussed to gain general consensus on a product goal set for the year 2010.
The session will also include instructions for the facilitated groups and a description of the
workshop process.

Breakout Sessions: These will be facilitated breakout sessions involving all participants.
Participants will be assigned to one of three smaller groups, which will meet separately. The
three groups will address the same topics: DOE’s vision and goals; Barriers; and R&D and other
actions. The purpose is to provide guidance to DOE on the technical strategy and appropriate
government-industry partnership for developing ultraclean fuels. The separate breakout groups
will discuss, then rank the items that were listed for each of the three topics.

e e e R —
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APPENDIX B: PARTICIPANT LIST

Dr. Emilio S. Alfaro

U.S. Army Tacom-Tardec
AMSTA-TR-D/210
Warren, M1 48397-5000

Dr. Raymond P. Anderson

INEEL
Mailstop 2110
P.O. Box 1625

Idaho Falls, ID 83415-2110

Mr. Robert J. Beams
Samson Oil Company
842 One Energy Square
Dallas, TX 75206-4016

Dr. Mark S. Bohn
Rentech Inc.

12401 E 37th Avenue
Denver, CO 80239

Dr. Abhijeet Borole

Oak Ridge National Lab.
1 Bethel Valley Road
P.O. Box 2008

Oak Ridge, TN 37831

Mr. Chris Caperton
Energetics Inc.

7164 Gateway Drive
Columbia, MD 21046

Dr. Steve Chalk
EE-32

U.S. Department of Energy

19901 Germantown Road

Washington, DC 20585-0121

Dr. Gerald N. Choi
Bechtel National
50 Beale Street

San Francisco, CA 94119-3965

Dr. Jimell Erwin

Southwest Research Institute

P.O. Drawer 28510

San Antonio, IX 78228-0510

Mr. Paul J. Grimmer
Conoco, Inc.

Marland, 1112

P.O. Box 2197

Houston, TX 77252-2197

Mr. Sada [yer

Shell E&P Technology

3333 Hwy 6 South

P.O. Box 1380, Room E-1350
Houston, TX 77082

Mr. Gregory J. Kawalkin
U.S. Department of Energy
P.O. Box 10940
Pittsburgh, PA 15236

Mr. Michael Koleda

President

Energy Frontiers International
1110 North Glebe Road, Suite 610
Arlington, VA 22201

Dr. William F. Lawson

National Petroleum Technology Office
P.O. Box 3628

Tulsa, OK 74101-3628

Dr. Douglas A. Loy

Sandia National Labs

M.S. 1407 SNL

Albuquerque, NM 87185-1407

Mr. William C. McLeod .
Downstream Coordinator, Corporate Planning
Texaco

2000 Westchester Avenue

White Plains, NY 10650

Dr. Robert N. Miller

Air Products & Chemicals, Inc.
7201 Hamilton

Allentown, PA 18195-1501

Dr. C. Lowell Miller
FE-24

U.S. Department of Energy
19901 Germantown Road
Germantown, MD 20874
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Dr. Stan Moulton

Southwest Research Institute
P.O. Drawer 28510

San Antonio, TX 78228-0510

Mr. John D. Oleson

Director, Manufacturing Technology

Dow Corning Corporation
P.O. Box 994, Mail #CO1330
Midland, MI 48686-0994

Mr. Glenn Passavant
U.S. EPA

2000 traviwood Drive
Ann arbor, MI 48105

Dr. Pandit G. Patil

U.S. Department of Energy
Electric and Hybrid Propulsion
1000 Independence Avenue SW
Washington, DC 20585

Dr. Roy A. Periana .
SRI International

333 Ravenswood Avenue
Menlo Park, CA 94025

Dr. David K. Redeker

BP Amoco

150 West Warrenville Road
Naperville, IL 60563

Dr. Branch Russell
Syntroleum Corporation
1350 South Boulder
Tulsa, OK 74119-3216

Mr. Richard Scheer
Energetics Inc.

7164 Gateway Drive
Columbia, MD 21046

Dr. David Schmalzer
Argonne National Laboratory
955 L'Enfant Plaza North SW
Suite 6000

Washington, DC 20024

Dr. Ram Srivastava

Burns & Roe Services Corporation
P.O. Box 18288
Pittsburgh, PA 15236

Mr. Leo Stavinoha

Southwest Research Institute

P.O. Drawer 28510, Mailstop T39
San Antonio, TX 78228-0510

Dr. Dexter Sutterfield
NPTO/DOE

P.O. Box 3628

Tulsa, OK 74101

Mr. David Thompson
Praxair Inc.

175 East Park Drive

P.O. Box 44

Tonawanda, NY 14151-0044

Mr. Glen Tomlinson
Mitretek Systems

7525 Colshire Drive
McLean, VA 22183

Mr. Tom Torkos

U.S. Department of Energy
P.O. Box 10940
Pittsburgh, PA 15236

Dr. Venkat K. Venkataraman
U.S. Department of Energy
P.O. Box 880

Morgantown, WV 26507-0880

Mr. John C. Winslow

U.S. Department of Energy
P.O. Box 10940
Pittsburgh, PA 15236

Dr. Jeffrey A. Withum
Consol R&D

4000 Brownsville Road
Library, PA 15129

Dr. Peizheng Zhou
Hydrocarbon Technologies Inc.
1501 New York Avenue
Lawrenceville, NJ 08648-4635
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