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| Mission
Market Leadership for Effective
Commercialization

M To serve as the primary voice of power producers with interests in biomass
power generation

B To encourage the development and commercialization of sustainable

biomass fuel resources and economically competitive biomass energy
conversion technologies

ERERGETICS




Goals

Develop cost-shared industry-led projects to
demonstrate advanced energy concepts
diversify U.S. fuel base
decrease greenhouse gas emissions
revitalize the rural economy

Strengthen communication and increase membership
Government Relations
Outreach and Education
Market/Technology Analyses
Commercialization Strategies

[ N g————




Member Needs

Keeping Well-Informed

- Swiftly changing industry - analyze uncertainties
Legislative developments

Regulatory changes and incentives

Technology Cost & Performance, R&D Issues
Strong coordinated activities

Obtaining Competitive Edge

- Identify near-term, creative niche markets

- Reduce deployment risk

- Identify cost-effective integrated systems

- Identify business partners and appropriate financial arrangements

ENERGETICS




The Challenge of Commercialization -
Meeting Market and Developer Needs

Conditions to Satisfy:

Evidence of sustained interest in biomass technology and confidence that the
technology will be competitive with alternative technologies;

Market research showing significant revenue/sales potential;

Identification of situations where biomass technology may be applied immediately;

Early buyer involvement, providing design inputs which result in cost and
performance standards;

Identification of uncertainties and manageable risks;
Understanding and acceptance of cost/benefit profiles;
Market incentives leading to investment, promotion, and success; and

Government participation in cost-shared development and demonstration programs,,

and.translation-ef-publicinterest-into legislation and regulations.




Developments in
Legislation and Regulation

Federal
- Administration Budget and OMB Passback
- House Authorizations Bill
- House and Senate Appropriations Bill
Conference Committee Report
Restructuring Bills
FERC Rulemakings
EPA Regulations

State

- Electricity Restructuring
-- Legislation
-- PUC Orders




Strategic Approach

Focus on members’ and other stakeholders’ needs through a program of
industrial outreach:;

Nurture partnerships with key. stakeholders;
Build on past project successes and experience;

Analyze complex information and present it clearly, accessibly, and
persuasively; provide timely and effective dissemination of results;

* Use technical and market analyses as the guiding tool in creating
commercialization strategies; and

Leverage budgeted resources through joint participation in activities with
other organizations in the bioenergy community.
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Meeting the Needs

ACTIVITY AREAS:

Government Relations
- Congress
- DOE
USDA
U.S. Forest Service
White House OSTP

Outreach and Education

- Utilities (IOUs and Munis)
- IPPs

- "Green" Power Marketers
- Industries (cogenerators)

Market/Technology Analyses

Commercialization Strategies




Task Plan

TASK 1. GOVERNMENT RELATIONS

OBIJECTIVES:

® Monitor Congressional activities and provide timely information to UBECA
members on legislation affecting the DOE Biomass Power Programs so that
appropriate actions can be taken;

Plan an active role in promoting policies, incentives, and regulations that encourage
integrated biomass power development in the United States and abroad.

ACTIVITIES

1.1 Disseminate Legislative Updates and Alerts
1.2 Prepare White Papers

1.3 Exchange Communications

ERERGENCS




Task Plan

TASK 2. OUTREACH AND EDUCATION
OBIJECTIVES:

Foster partnerships among stakeholders in both the public and private sectors;

Ensure cooperation of energy and related programs at the federal, regional, state, and
local levels; and

Provide a forum for DOE program managers to interface with their private sector
constituents.

ACTIVITIES

2.1 Increase UBECA Visibility

2.2 Create Annual Achievement Awards
2.3 Expand Communication Mechanisms (UBECA Journal)
2.4 Expand Information Assets (World Wide Web site)

2.5 Conduct Workshops/Seminars




Task Plan

TASK 3. TECHNICAL/MARKET ANALYSES
OBJECTIVES:

® Assess opportunities for new bioenergy conversion technologies in both domestic
and foreign markets;

Assist UBECA members to identify barriers that may restrict the entry of those
technologies; and

® Assess alternative strategies to help overcome those barriers.

ACTIVITIES
3.1 Collect and Disseminate Market Data
3.2 Conduct Technology Assessments

3.3 Evaluate Changing Power Market

—y—— = -
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Task Plan

TASK 4. COMMERCIALIZATION STRATEGIES
OBJECTIVES:

® Develop guidelines and a framework of workable strategies for commercialization of
bioenergy conversion technologies; and

Raise the awareness of the financial community about opportunities that exist for
investment.

ACTIVITIES
4.1 Case Studies

‘4.2 Commercialization Workshop




Task Plan

TASK 5. MANAGEMENT AND ADMINISTRATION
OBIJECTIVES:

Support corporate business matters, membership records, financial administration and
duties, and other activities of the UBECA Board of Directors and officers.

ACTIVITIES

5.1 Board of Directors Administration

5.2 Membership Administration

5.3 Management Policy Papers

5.4 Contract Administration and Reporting
5.5 Financial Administration

5.6 FY 1999 Program Plan and Budget




Task Plan
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1. Government Relations

Legislative Updates and Alerts
White Papers
Briefing Materials

2. Outreach and Education

UBECA Journal

Annual Meeting

Annual Achievement Awards
Press Releases

Trade Press Articles

World Wide Web Site
Executive Seminars/Workshops
Technical Seminar

Brown Bag Seminars

3. Technical/Market Analyses

Market Data Compilation
Technology Assessments
Utility Restructuring Analysis

4. Commercialization Strategies

Case Studies
Commercialization Workshop

5. Management and Administration

Board Administration
Membership/Financial Administration
Management Policy Papers

Contract Administration/Reports

FY 1999 Program Plan & Budget
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Revenue Target

FY 1998
REVENUE TARGET
Member Dues $50,000 |
Meeting Sponsorship $10,000
Meeting Fees $5,000
U.S, Departmeﬁtiﬁf'Eﬁ“éfé‘y**’ @0 -$285,000
TOTAL  $350,000
|
|
|




Budget Summary
FY 1998

Government Relations
Outreach and Education
Technical/Market Analyses
Commercialization Strategies

Management and Administration




Budget Issues

Intensify membership recruitment
- Review member dues rates and structure
- Enhance value of products and services

Solicit funding from other federal and state agencies
Increase cost-share with other associations
Leverage in-kind member services

Availability of cost-shared DOE funds




Conclusions

UBECA is building the base constituency for the DOE Biomass Power
Program

UBECA provides unique forum for information exchange and technology
transfer

Federal dollars are leveraged effectively

Together, the public and private sector can accelerate the
commercialization of biomass energy and reap the national benefits.




United BioEnergy Commercialization Association
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<Partnering to Compete:
- Biomass and the Bottom l.me
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Ronald Belval, P.E., Chairman

Joseph Badin, Executive Director
Jonathan Kirschner, Project Coordinator

U.S. DOE Blopower Program
Semi-Annual Review
July 15, 1998

Global Situation

4 Global energy requirements continue to
grow rapidly driven by:
o Economic and population growth
o Pressures to improve quality of life
4 Governments recognize that the
availability of affordable, reliable
commercial energy supplies is vital to all
sectors of society




Global Situation [continued)

4 Growing concerns about potential global
climate change and greenhouse gases

4 Biomass energy can have a significant
strategic value to the U.S. and to all
growing economies

Strategic Value of Biomass
Energy

4 Vital resource for achieving a sustainable
economy

€ Very large and wide-spread resource base

4 Can be integrated into the established
infrastructure

4 Potential to be a reliable and affordable
resource

€ Reduce landfill wastes




Strategic Value of Biomass
Energy (continued)

4 Carbon dioxide neutral

4 Reduce dependence on imported fuels

4 Local economic benefits/jobs

€ May fulfill requirements of a Renewable
Portfolio Standard

4 May produce tradeable emissions credits

Strategic Value of Biomass
Energy (continued)

4 Can utilize wide-ranging, new and
improved energy conversion technologies
for baseload and peaking generation

4 Can provide flexible, convenient, and
diverse forms of energy to meet various
end-use needs




Our Vision

Blomass Energy - Sustainable Pathways
for a CO,Constrained Future

¢ How can we get there?

¢ How UBECA helps

e g g e At . WA~ — £ S e 2o —



Who We Are...

United BioEnergy Commercialization Association

How Can We Get There?

4 Have a clear vision
4 Identify technology and market pathways
4 Establish competitive targets

4 Encourage demonstrations and
replications to showcase successes

4 Build the biomass community
4 Find champions and sponsors
¢ Provide input to pubilic policy




How Can We Get There?
{continued)

® Create market-based incentives
4 Form partnerships
o Company and Company

a Industry and Industry
a Industry and Government

€ Ensure effective communication and
outreach

How UBECA Helps

4 Provides a forum to promote bioenergy
® Facilitates communication, innovation,
technology transfer, and accelerates

commercialization

@ Provides strategic briefings to
interested groups

4 Expands outreach to encompass
agricultural, forestry, coal, industrial,
and environmental stakeholders




How UBECA Helps [continued)

4 Monitors restructuring activities

4 Identifies market opportunities today
and charts the roadmap to the future

€ Represents technology developers,
end-users and operators: the source of
technical cost and performance
requirements

4 Identifies critical R&D needs and targets

How UBECA Helps (continued)

€ Partners with communities (education
and economic development})

g Rural

& forest residues

4 energy crops

4 poulitry and animal wastes
a Urban

¢ reduce landfills
# potential waste and demolition wood resources
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How UBECA Helps [continued)

& Provides case studies and success stories
@ Assists with market assessment

4 Proposes market incentives

4 Endorses policy actions

€ Educates and communicates

How Can I Participate?

Contact
Joe Badin, Executive Director or

Jonathan Kirschner, Project Coordinator

301-621-3002
301-621-3003
FAX 301-621-3725
e-mail: enesupf@ix.netcom.com

or—




AGENDA

UBECA Meeting
Held at Edison Electric Institute
July 29-30, 1997

= Minutes of the Juns 10, 1997 UBECA Board of Directors Meeting (Approval)
. FY 1998 UBECA Program Plan & Budget (Approval)

. DOE Application for Funding of Management Support Services (Approval)

. Management Support Agreement between URECA & Energetics (Approval)

. Termination Agreement between TTC & UBECA (Approval)

. Committee to Plan Joint UBECA/NBIA Annnal Meeting (Assign)

. Workshop Topics (Discussion)

. Membership (Discussion)

. Other Business
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UNITED BIOENERG¥ COMMERCIALIZATION ASSOCIATION
MINUTES OF THE BOARD OF DIRECTORS MEETING!

July 29-30, 1997
Edison Electric Institute
Washington, DC
TUESDAY, JULY 29, 1997
Aftendance

Board Members

Ron Belval, Chairman - Burlington Electric Dept.

Chuck Linderman - Edison Electric Institute

Ed Neuhauser - Niagara Mohawk

John Holt - National Rural Electric Cooperative Association
Doug Boylan - Southern Company

Dan Mahoney (Counsel) - Soble International

Energetics Personnel

Harvey Weisenfeld
Joe Badin
Jonathan Kirschner

Department of Energy Personnel

Ray Costello

Lynne Gillette

Jake Kaminsky

Approval of Meeting Minutes of April 8 and June 10
Both sets of minutes were approved.

FY 1998 UBECA Program Plan and Budget

Joe Badin presented Energetics' corporate qualifications and described four task areas outlined in the
FY 1998 Program Plan and Budget prepared by Energetics:

* Government Relations
* Industry Outreach and Education

! These minutes cover only those deliberations that Energetics personnel were present for.
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* Marketing and Technology Analysis
* Commercialization Strategies

The major points of the discussion were:

* UBECA is prohibited from lobbying, but timely legislative alerts to the Board and the
membership would be useful in keeping them informed of pending Congressional action.

* UBECA Journal was not reaching as many people in the utility industry as perhaps
publishing articles in the leading trade journals would. It might be more cost effective to contribute
articles to Electricity Journal, Public Utilities Fortnightly, and Rural Electrification magazines.

* Brown-bag seminars are a great tool for reaching the membership and for encouraging
action and ideas. It was suggested that a brown-bag seminar be held at EEI and one possibly at the
Washington office of the Northeastern Regional Biomass Program (Rick Handley is main contact).
One topic that was proposed for a brown-bag seminar was Barriers to Biomass Co-firing, possibly
with the participation of EPA and ASTM. Coal ash is presently considered a non-hazardous
substance that can be sold for flowable fill, however no ASTM standard currently exists for co-fired
ash, and this is an obstacle to the broader acceptance of biomass/coal co-firing. Efforts must be
made to reach beyond UBECA an to inform people who are outside the association of the brown-bag

lunches.

* The President's Million Solar Roofs program will increase competition from the
photovoltaic sector. Also, micro gas turbines have demonstrated that they can produce electricity
for $300/KW. As of yet, no life cycle costing analyses had been performed for biomass. The
possibility of leveraging the efforts taking place at NREL and Lawrence Berkeley Lab, was

mentioned.

» It was suggested that an ad hoc Commercialization Committee be formed from the
membership.

Ray Costello, DOE Program Manager, told the Board that he was very supportive of UBECA
and wanted maximum benefit for everyone, however, he said, only $100K would be available from
DOE's Biomass Energy Program for UBECA in FY 1998. This was considerably less than the level
of support originally anticipated by the association (about $285K), and the Board met that afternoon,
in closed session, to re-examine UBECA's activities in the face of the reduced level of funding and
to discuss completion of arrangements with TTC, including signing a letter closing out TTC support
of UBECA.
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WEDNESDAY, JULY 30,1997 -

Aftendance

Board Members

Ron Belval, Chairman - Burlington Electric Institute

Chuck Linderman - Edison Electric Institute

Ed Neuhauser - Niagara Mohawk

John Holt - National Rural Electric Cooperative Association
Doug Boylan - Southern Companies

Energetics Personnel

Joe Badin
Jonathan Kirschner

Discussions focused on ways to adapt the UBECA FY 1998 Program Plan and Budget to
a lower level of DOE funding. It was agreed that while all of the tasks were important, a specific
list of deliverables would help identify the most crucial aspects of each. Ed Neuhauser said that
legislative tracking was extremely important for his utility, as well as being notified of any
Requests for Proposals (RFP) that DOE might issue that could be of interest to UBECA
members. It was decided that the organization would publish two brochures initially. The first
would be of a general nature, intended to help recruit potential members. The second would be a
brief, but informative piece designed to show how biomass was currently being used to reduce
emissions of greenhouse gases. This brochure would be distributed by Chuck Linderman at the
Kyoto Global Climate Change Summit in December. The target date for shipping materials to
Japan was November 20.

Other suggestions for disseminating information to members included legislative alerts
and quarterly updates of important meetings, programs, and government solicitations. A monthly
update was also suggested if there is sufficient activity to warrant it. The following ideas for
UBECA activities were discussed:

* UBECA should move away from developing white papers to assembling information
that is already available.

* Membership and/or revenue targets should be set (i.e., increase revenues from utility
memberships to $80K or increase membership by 30% over the next twelve months).

e Set publication targets, such as publishing 3 major articles in 4 journals during the
coming year.

* Communication with the National Laboratories that are doing biomass work must be
improved. UBECA should be involved in the annual DOE Contractors' Review

Meeting. -
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* Centers of Excellence, such as the McNeil Power Generating Station in Vermont
could be the subject of concept papers.

* One activity that was mentioned was an evaluation of the changing power market, and
the possibility of publishing 2 case studies, one on the fuels 81de and one on the

technology side, was discussed.

* It was decided that fees for legal services performed by Soble International be paid out
of members' dues, and not out of the Department of Energy grant.

* The joint UBECA/NBIA meeting was also discussed.

It was decided that Energetics would redraft the FY ‘98 Program Plan and Budget based
upon an assumed budget of $300K ($100K from membership, $200K from DOE)? and resubmxt it
to the Board.

2 The level of DOE funding ultimately awarded for FY'98 was only $100K. The final version of the.FY'98 Program Plan
and Budget reflects a level of activity that corresponds to this reduced award.

—_—_—_——_——_—_——_—“
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United BioEnergy Commercialization Association

Board of Directors

( l\ A MEETING AGENDA
{Zz?@ November 19, 1997
10:00 am - 3:00 pm

3-‘ -‘) at

Energetics, Inc.

501 School Street, SW, Washington, DC
Suite 500

L’Enfant Plaza Metro (Dept. of Transportation Exit)

Tmve oPIC ' o FACILITATOR'

10:00 - 10:05 Welcome and Introduction R. Belval
10:05 - 10:10 Agenda

o Acceptance

« Additional Items
10:10 - 10:15 Review of Minutes (July 29-30, 1997) J. Kirschner
10:15 - 11:45 Treasurer’s Report C. Linderman

Ratification of Management Services Contract and Settlement
of Prior Account

Membership Update J. Badin
FY 98 UBECA Program Plan and Budget R. Belval
Joint UBECA/NBIA Workshop

Review of DOE Funding Agreement

11:45 - 12:00 Status of EPRI Biomass Power Program E. Hughes
12:00 - 1:00 Luncheon/Discussions
1:00 - 1:20 Status of the DOE Biomass Power Program L. Gillette

and Plans for FY 1998

1:20 - 2:30 Statement Supporting Biomass Energy Conversion R. Belval
Technologies (Discussion of Proposed Press Release)

2:30 - 3:00 Wrap-up
o Other Business
e Action [tems
» Next Meeting Plans

3:00 Adjourn

e - o - = — p—
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UNITED BIOENERGY¥ COMMERCIALIZATION ASSOCIATION
BOARD OF DIRECTORS MEETING

Energetics, Inc.
501 School Street, SW, Washington, DC
Wednesday, November 19, 1997

MEETING SUMMARY

Attendance
UBECA Board Members

Ron Belval, Chairman - Burlington Electric Dept.

Chuck Huling - Georgia Power Company

John Holt - National Rural Electric Cooperative Association
Chuck Linderman - Edison Electric Institute

Ed Neuhauser - Niagara Mohawk

Other UBECA Members

Evan Hughes - Electric Power Research Institute

Energetics Personnel

Joe Badin - Executive Director, UBECA

Jonathan Kirschner - Project Coordinator, UBECA
Harvey Weisenfeld - Corporate Advisor, UBECA
Jan Brinch - Senior Associate, Energetics

Rich Scheer - Assistant Vice-President, Energetics

Department of Energy Personnel
Lynne Gillette - Program Manager, DOE Biomass Power Program

The Board met in a closed-door Executive Session from 9:30 a.m. until 10:45 a.m. to discuss the
closeout arrangements with Technology Transition Corporation (TTC).

Approval of Agenda

The agenda was approved without modification.
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Approval of Meeting Minutes of July 29-30, 1997

The draft meeting minutes were accepted with some modifications which appear in the final
version.

Treasurer’s Report

Chuck Linderman, UBECA Treasurer, reported that he had signed a check to pay Energetics’
invoice of $7,100 thereby leaving an ending balance in the UBECA account of approximately
$39,200.

Ratification of Management Services Contract and Settlement of Prior Account

The Board ratified the management services contract with Energetics, but noted that Technology
Transition Corporation had an outstanding invoice (August 1997) for $67.5K. It was decided that
members of the Board should meet with Bob Mauro of TTC to discuss the outstanding invoice
and to arrive at an agreement for closing out TTC support of UBECA.

Membership Update

Joe Badin announced the recruitment of two new members, Central and South West Services and
Golden State Import and Export. Joe also announced that he had met with Dave Beecy of the
Office of Fossil Energy, U.S. Department of Energy. Dave was interested in biomass’ potential
to reduce coal consumption by as much as 35%. Joe said that he would meet again with Dave
and discuss additional support for UBECA’s activities from the DOE Office of Fossil Energy and
from the Federal Energy Technology Center (FETC). It was suggested that Chuck Linderman
and John Holt accompany Joe Badin and Harvey Weisenfeld to meet Dave Beecy and George
Rudins (Deputy Assistant Secretary, Office of Coal Technology).

FY 98 UBECA Program Plan and Budget

The main message being conveyed by the FY 98 UBECA Program Plan and Budget is that
UBECA is an industry-driven organization whose focus is on technology transfer. Harvey
Weisenfeld said that both DOE’s Office of Energy Efficiency and Renewable Energy (EE) and
its Office of Fossil Energy (FE) were exploring incentives to get these technologies into the
marketplace. These incentives included capital buy downs, production credits and a government-
sponsored insurance pool to defray much of the risk associated with such projects.

Joe Badin announced that he would be representing UBECA on the Board of Directors of the
Bioenergy Research Association (BERA) and that he would be coordinating with Don Klass
(BERA Chairman) to hold brown-bag lunches during the coming year. There was some
discussion about utility restructuring and broadening the scope of materials that could be
considered as biomass fuels, specifically the use of farm waste products that could be gasified
and combusted in a microturbine. Joe Badin mentioned that Sandia National Laboratory would
be issuing a Request for Proposals (RFP) for just such a demonstration project. It was expected
that the RFP would be released within a few weeks.
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Joint UBECA/NBIA Workshop .

The upcoming UBECA/NBIA Workshop was discussed and it was decided that UBECA would
host a joint biomass stakeholders’ meeting entitled “Obstacles to Commercialization” the day
before the main meeting. A summary of the proposed speakers was also delivered.

Review of DOE Funding Agreement

Joe Badin stated that the application had been submitted to the DOE Field Office in Golden,
Colorado where it was still being reviewed.

Status of EPRI Biomass Power Program

Evan Hughes said that EPRI’s Biomass Power Program was not a single program but resided in
various parts of EPRI (Coal Combustion Performance, NOx, Fossil Boilers, Renewables). -Evan
explained that the EPRI membership was giving biomass low priority. The best thing that
UBECA could do to help would be to bring both traditional utilities and new power generating
companies to not only accept biomass as a fuel source, but to see biomass as the renewable of
choice for companies who have coal-firing assets and experience.

EPRI had conducted six co-firing tests in utility boilers during the previous year: GPU/Penelec
(wood fuel, wall-fired boiler); TVA-Allen (wood in a cyclone boiler); TVA-Colbert (wood, wall-
fired boiler); New York State Electric and Gas (NYSEG) (wood, tangential boiler); Madison
G&E (switchgrass, wall-fired); and Northern Indiana (wood waste, cyclone boiler). A test firing
of short rotation willow growth at NYSEG (a member of the Salix Consortium) ran into handling
problems caused by the fibrous willow wood and had to be postponed. The willow was
successfully co-fired later, as a smaller fraction of the heat input to the boiler. Evan summarized
by saying that co-firing had been proven to be technically feasible but that the price differential
with coal was not great enough to make it attractive to utilities, at least not while the focus is on
competition, cost cutting, and meeting NOx standards, while spending capital budgets only on
items having a 3-year (or less) payback.

Status of the DOE Biomass Power Program and Plans for FY 1998

Lynne Gillette, DOE Program Manager, gave a presentation on the Department of Energy’s
Biomass Power Program. Lynne described 5 major continuing projects:

* Hawaii Gasification Project whose goal is to demonstrate direct integrated biomass
gasification/turbine technology with hot-gas clean up.

* Vermont Gasification Project whose goal is to demonstrate indirect biomass
gasification technology for power production.

* Minnesota Agri-Power Project whose goal is to demonstrate a fully integrated
biomass system utilizing alfalfa stems to produce 75 MW of power.
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* New York Salix Project whose goal is to scale up willow trees as an energy crop for
co-firing by the year 2000.

¢ lowa Switchgrass Project whose goal is to demonstrate closed-loop systems using
switchgrass to fire a 35 MW facility.

Lynne also described two new initiatives, including a small modular systems Request for
Proposals (RFP) that would soon be issued by Sandia National Laboratory and a co-firing
initiative that was still under development.

The issue of whether or not to broaden the definition of biomass was raised again. Lynne Gillette
said that DOE was more interested in developing energy crops such as willow and switchgrass.

It was not really interested in Municipal Solid Waste. Ed Neuhauser discussed the difficulties
inherent in removing organic matter from soil (issues of soil fertility and erosion needed to be
addressed). Ed also explained that Timber Stand Improvement (TSI), involving the thinning out
of forests, could create a vast new biomass resource, although no utility would be willing to
invest money in TSI on land which it may not own when the trees mature. The Board decided
that broadening the definition of biomass fuels should not be pursued at this time, but should be
left as a topic for further discussion.

The remainder of the meeting was spent drafting the industry statement to be issued prior to the
Kyoto Conference on Global Climate Change. The statement was approved by the Board and
issued on November 24",

Other Business

Rick Peterson (Northern States Power), who was unable to attend the meeting, telephoned to
announce that Northern States Power Co. (NSP) had selected District Energy St. Paul, Inc. and
Lindroc Energy of Encinitas, California, to each supply 25 megawatts of biomass power to the
NSP system beginning in summer 2002. These two projects represent Phase II of NSP’s
legislative commitment for a total of 125 MW of biomass generation to be in place by the end of
2002. Rick also said the NSP was in the final stages of negotiating a fuel supply contract with
MnVAP, the Minnesota Valley Alfalfa Producers.

Next Meeting

It was decided that the next meeting of the UBECA Board would be held in the spring of 1998.

- meeting adjourned at approximately 3:00 p.m. -
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United BioEnergy Commercialization Association

TvME
9:00 - 10:00

10:00 - 10:05
10:05 - 10:10

10:10 - 10:20
10:20 - 10:35
10:35 - 10:55

10:55 - 11:25

11:25 - 11:40

11:40 - 12:00

12:00 - 1:00
1:00 - 1:20
1:20 - 1:40
1:40 - 2:00

2:00 - 3:00

3:00

Board of Directors

MEETING AGENDA

June 24, 1998
9:00 am - 3:00 pm
at
Energetics, Inc.

501 School Street, SW, Washington, DC

Suite 500

L’Enfant Plaza Metro (Dept. of Transportation Exit)

‘TopPIC

Executive Session (Board Members Only)

Welcome and Introduction

Agenda

e Acceptance

e Additional Items

Review of Minutes (November 19, 1997)
Treasurer's Report

Settlement of Prior Account and Other Qutstanding Invoices

Membership Update and Report on EPRI Biomass Interest Group
Meeting (May 28-29)

Status of Restructuring / Renewable Portfolio Standards

PTI Overview and Potential Biomass Interest in Urban and Rural
Communities ‘

Luncheon/Discussions

Allowance Trading Agreement Between NIMO and Suncor
Update on DOE/FETC Activities

Update on DOE Biomass Power Program

Wrap-up

e Other Business

e Action Items
e Next Meeting Plans

Adjourn

FACILITATOR
R. Belval

R. Belval

C. Linderman

J. Badin

J. Bergman

Ama Frimpong, PTI

E. Neuhauser
P. Goldberg, FETC
L. Gillette

R. Belval
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UNITED BIOENERGY COMMERCIALIZATION ASSOCIATION
BOARD OF DIRECTORS MEETING

Energetics, Inc.
501 School Street, SW, Washington, DC
Wednesday, June 24, 1998

MEETING SUMMARY

Aftendance
UBECA Board Members

Ron Belval, Chairman - Burlington Electric Dept.

Doug Boylan - Southern Company

John Holt - National Rural Electric Cooperative Association
Chuck Linderman - Edison Electric Institute

Ed Neuhauser - Niagara Mohawk

Steve Soble - Soble International

Simon Langer - Soble International

Other UBECA Members

Joe Battista - GPU Genco
Phil Badger - TVA (afternoon session only)

Energetics Personnel

Joe Badin - Executive Director, UBECA
Jonathan Kirschner - Project Coordinator, UBECA
Elaine Weber - Contracts Administrator

Invited Speakers

Lynne Gillette - Program Manager, DOE Biomass Power Program

Phil Goldberg - Advanced Crosscutting Technologies, Federal Energy Technology Center
Ama Frimpong - Public Technologies, Inc.

Jennifer Bergman - Energetics, Inc.

Others

Joel Morrison - Energy and Fuels Research Center, Penn State University
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The UBECA Board of Directors met in a closed-door Executive Session from 9:00 a.m. until
10:30 a.m. to discuss the closeout arrangements with Technology Transition Corporation (TTC).
Present at the Executive Session were the Board members, legal counsel, and Energetics
personnel. Elaine Weber reported that it was her belief that UBECA, under TTC, had over billed
the Department of Energy (DOE) by $1452 in 1997 (as an adjustment to its 1996 billing) and it
was her best estimate that the association, under TTC, had also over billed the membership by
$15,545 for the same period. She also reported that TTC still had not turned over all of the
UBECA records to Energetics, and it was decided, on the advice of counsel, that no settlement
should be made with TTC until this had been achieved. In exchange for all the records, UBECA
would make a final separation payment to TTC based upon an estimate of what is owed less the
amounts over billed . Both parties would then sign a settlement statément releasing them from
all outstanding claims against each other. It was also decided that UBECA would make an initial
payment of $1280 to Soble International out of the membership budget to cover an invoice which
TTC had failed to pay. The UBECA Board resolved to make every effort to settle all other
outstanding payables to Soble International in a timely manner. '

Upon conclusion of the Executive Session, the non-board members and speakers who were
present were invited into the meeting. Joel Morrison from Penn State University’s Energy and
Fuels Research Center was in Washington to attend the DOE-sponsored co-firing workshop and
was considering membership of his organization in UBECA. Similarly, Joe Battista of GPU
Genco and Phil Badger of TVA (both UBECA members) stayed in Washington an extra day to
attend the board meeting. Joel Morrison said that Penn State was experimenting with burning
hog fat as #6 fuel oil. Joe Battista described his company’s experiments with blends of coal and
sawdust at the Shawville Power Station and with separate injection of sawdust at their Seward
Power Station. GPU’s experiments had shown that heavily composted sawdust burned too
slowly. Joe said that a $2 million test burn of utility waste wood (penta poles, creosote poles,
cross arms and pallets) was scheduled for this coming winter. While tipping fees were not very
high, the charge for hauling away such waste wood could vary anywhere from $80 - $200 a ton.
Joe Badin requested a schedule of the upcoming test burns so that UBECA members could be
kept up to date.

Phil Goldberg of FETC introduced himself saying that his principal area of research was
developing coal-fired power systems and that he was expecting FETC to develop a working
relationship with UBECA in order to further develop co-firing.

Approval of Agenda

The agenda was approved without modification, although the order of presentations was altered
slightly to accommodate the presenters’ schedules.

Approval of Meeting Summary of November 19, 1997

The November meeting summary was accepted.
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Treasurer’s Report

Chuck Linderman, UBECA Treasurer, reported that the UBECA checking account balance as of
June 22 was $14,675.65 and that the association was awaiting payment of $19,300.91 from DOE
Golden Field Office for Energetics’ services. Outstanding liabilities for the association were
reported to be $95,543.26. This amount was contingent upon the final settlement with TTC, and
could be expected to be reduced considerably.

Membership Update and Report on EPRI Biomass Interest Group Meeting (May 28-29)

Joe Badin gave an update on recruitment activities. In his report, Joe stated that UBECA would
like to extend membership to the National Laboratories and to grass roots organizations. By
expanding membership beyond the utility industry, the association could seek foundation grants
for solving waste disposal and energy problems. Joe had also held meetings with several people
at the World Bank, including Masaki Takahashi who had been working on a bagasse gasification
plant in Brazil, and who was also interested in coal gasification (John Holt mentioned that the
NRECA was funding a 3 MW plant that would use Brazil nut hulls as fuel).

Joe also reported on a meeting that was held with Dr. Steve Schuck of the Australian Biomass
Energy Taskforce who had visited the U.S. last winter on a fact-finding tour. A meeting was also
held with Ama Frimpong of PTI. This initial meeting was very fruitful and members of PTI are
interested in working with UBECA. This could lead to additional funding for the association
through foundation grants (see “PTI Overview” below). Joe was also continuing his contacts
with Gary Baum of the Institute of Paper Science and Technology Association (IPSTA) and a
member of the Board of the Biomass Energy Research Association (BERA), and Del Raymond
of Weyerhauser Corporation. UBECA had also initiated contact with the White House Office of
Science and Technology Policy to discuss an interagency biomass initiative."

Joe distributed the agenda and a handout from the EPRI Biomass Interest Group (BIG) meeting
held in May. Since Evan Hughes was not present, Joe highlighted the major issues that were
discussed at the BIG meeting, including pooling resources to do collaborative research,
development, and demonstration projects on biomass energy.

Status of Restructuring / Renewable Portfolio Standards

Jennifer Bergman of Energetics presented an overview of the status of utility restructuring and
renewable portfolio standards in the United States. The key messages of her presentation were:

* Restructuring was attracting new players into the electricity industry, but the future for
new market players is uncertain;

'A meeting was subsequently held July 7" with Sam Baldwin, Principal Scientist on the National
Science and Technology Council and Study Executive Director for the President’s Committee of
Advisors on Science and Technology (PCAST) Energy Research and Development Panel. The panel
published its Report to the President on Federal Energy Research and Development for the Challenges
of the Twenty-First Century in November 1997.
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» Congress and the Administration were considering federal restructuring legislation
(19 bills had already been introduced) but no action could be expected this session;

» There was a great deal of diversity among state restructuring activities but some
common themes exist (retail choice by date certain, rate reductions, stranded cost
issues limiting progress, mechanisms to address public purpose programs are in
place).

* Thus far, six states have enacted renewable portfolio standards (AZ, CT, ME, MA,
NE, VT).

Chuck Linderman pointed out that the gas industry was adamantly opposed to federal
restructuring legislation and that many of the key Congressional committee chairmen came from
gas-producing states.

Ed Neuhauser said that New York State was using a systems benefits charge to support three
areas of activity within the state: assistance to low income families, energy efficiency and
renewable energy programs, and environmental protection. The State of California had also
opted for a systems benefits charge instead of a renewable portfolio standard.

PTI Overview and Potential Biomass Interest in Urban and Rural Communities

Ama Frimpong gave an overview of Public Technologies Inc. (PTI) and explained that its main
mission was to facilitate the transfer of technology to American cities in order to help them solve
pressing problems, such as the year 2000 computer bug. PTIis divided into five Task Forces:

e Energy

¢ Environmental Protection
* Transportation

e Information Technology
e Public Safety

PTI is funded mainly through monies appropriated by Congress to the Urban Consortium, but
also earned money through the sale of its publications. PTI was interested in biomass as an
alternative fuel for municipal electricity generation and was looking forward to working with
UBECA to heighten awareness among city managers.

Allowance Trading Agreement Between Niagara Mohawk (NIMO) and Suncor Energy

Ed Neuhauser described the greenhouse gas emissions reduction trade worked out between his
utility (Niagara Mohawk) and the Canadian oil and gas company, Suncor Energy. This
arrangement, which was announced on March 5th, is one of the first which attaches an actual
value to carbon dioxide and could be worth as much as $6 million over 10 years. According to
the agreement, Suncor will make an initial purchase of 100,000 metric tons of greenhouse gas
emission reductions from Niagara Mohawk with an option to buy up to an additional 10 million
tons of reductions over ten years. The agreement means that Suncor will use the reductions
below 1990 levels achieved by NIMO to achieve its own voluntary emission reduction targets
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while providing Niagara Mohawk with additional funding for research and renewable energy
projects. The agreement has won praise from both the American and Canadian governments as a
demonstration of a market-based approach to reducing greenhouse gas emissions.

Update on DOE Biomass Power Program

Lynne Gillette, DOE Biopower Program Manager, provided an update of activities taking place
under the DOE Biomass Power Program. There are currently four major projects continuing:

* Hawaii Gasification Project (in close-out phase)

* Vermont Gasification Project

* Minnesota Agri-Power Project (which was held up for a year until the details of a
twelve-year power purchasing agreement could be worked out)

* New York Salix Project

Other projects include the Jowa Switchgrass Project, the goal of which is to demonstrate a
closed-loop biomass system using switchgrass to fire a 35 MW facility. Additional work is being
carried out in support of thermochemical conversion research and biomass feedstock
development.

The board discussed the possibility of inviting Ken Campbell of the Minnesota Valley Alfalfa
Producers (MNVAP) to the next meeting to offer advice on drawing up a model power
purchasing agreement. It is hoped that having a model contract would facilitate future biomass
power projects, and might help speed up progress on the Iowa Switchgrass Project.

Lynne announced the ten winners of the Small Modular Power Systems feasibility study
contracts. The list included UBECA members Bioten GP and Niagara Mohawk. A solicitation
for Phase II of the project is anticipated for October 1999. She also described the DOE Co-Firing
Injtiative which is jointly sponsored with EPRI and FETC. This initiative includes ongoing
demonstration projects and some new projects to be launched in 1999, as well as information
development and dissemination for power generation decision makers. Among the projects
mentioned was a co-firing brochure to be developed cooperatively by UBECA and NREL.

Update on DOE/FETC Activities

Phil Goldberg, from the Advanced Cross-Cutting Technologies division of FETC (Pittsburgh),
gave the board an overview of FETC coal/biomass co-firing results. Phil explained that while
biomass was really the domain of DOE’s Office of Energy Efficiency and Renewable Energy,
FETC was interested in co-firing as a means of reducing fossil-based emissions of CO2, SO2,
and NOx, and also to promote fuel diversity and reduce waste. The coal industry was FETC’s
primary customer and they were now looking at biomass as a response to the gas industry.
However, he said, while anyone could burn biomass in a specially-designed plant, the real
challenge was to use existing capital.

Biomass-related projects were appearing in many FETC product line portfolios and additional
activities were being considered. Many FETC projects are biomass specific, have a biomass
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element, or are relevant technical development activities. Specifically, Phil mentioned the
following:

e Co-firing R&D

e Co-firing demonstrations

» Integrated Gasification Combined Cycle (IGCC)
* Gas to liquids

e Advanced turbine systems

» Fuel cell demonstrations

* Fluidized bed combustion (FBC) co-firing

e FETC in-house R&D and analyses

As part of its DOE mission, FETC promotes energy security and sustainable development by
improving environmental and economic performance of power systems. Long-time FETC
stakeholders include organizations that design, build, operate, regulate, and supply fuels or
equipment to the power industry. According to Phil, FETC’s coal-fired power systems
technologies are the key to accelerated near-term use of biomass fuels in co-firing applications
and optimized future use of biomass. Ed Neuhauser raised the issue of ASTM standards C9 and
618 pertaining to co-fired coal ash, and Phil responded that FETC was not doing any work on
commingled ash. Ed said that it was critical that the commingled ash issue be settled or the
entire New York Salix project could grind to a halt.

Wrap-up
The meeting resulted in the following list of action items for the UBECA management team:

* Draft a letter to TTC requesting that all remaining UBECA records be sent
immediately to Energetics;

» Begin the process of updating the UBECA web site;
e Begin work on a membership directory;

* Produce a paper and poster for the BioEnergy ‘98 conference scheduled for October
4-8;

¢  Work with NREL on the co-firing brochure;

» Contact the National Bioenergy Industries Association (NBIA) about holding a joint
meeting in the fall.?

- meeting adjourned at approximately 3:00 p.m. -

’It was subsequently learned that due to committee report language in the 1999 Energy and
Water Appropriations Bill restricting DOE funding of trade associations, it is doubtful that funds will be
available for a joint meeting this year.
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Energy Use Breakdown for the Pulp and Paper Industry

The paper and allied products industry (SIC 26) manufactures pulp, paper and paperboard from virgin and
recycled fiber. The tens of thousands of products produced by the industry include newsprint, printing and
writing papers, tissue, heavy-grade kraft paper, cardboard, corrugated, and construction-grade paper-board.
The industry can be divided into two principal sectors. The energy intensive mill sector processes raw
materials into paper and paperboard, and includes the SIC codes 261 (Pulp Mills), 262 (Paper Mills), and
263 (Paperboard Mills). The converting sector further processes the sheets of paper and paperboard into
other finished products such as envelopes and boxes, and includes SIC codes 264 (Coating and Glazing), 265

(Paperboard Boxes and Containers), and 266
(Building Paper and Board). The mill sector
accounts for about 95% of energy use in the
pulp and paper industry, and is the focus of this
analysis.

Over the last twenty years or so, many of the
smaller, older mills have been closed down and
replaced with larger integrated mills. The
integrated mills produce both pulp and paper
and/or paperboard. The trend is distinctly
toward larger size (over 2000 tons/day) plants
with the capability to consistently process
high-quality products at higher speeds. The
larger plants are better able to take advantage
of energy-efficient cogeneration and process
improvement technologies through economies
of scale.

As shown in Table 1, the pulp and paper
industry consumed over 2.5 quads of energy in
1995. The industry is the third-largest
industrial energy consumer in the U.S., behind
only petroleum refining and chemicals. Table
1 also shows that a large portion (about 57%)
of the industry’s energy demands were met by
self-generated and residue fuels, such as
hogged wood, bark, and spent pulping liquor.
The use of self-generated and residue fuels by
the industry has increased by 72% since 1972.
The industry has also significantly increased its
cogeneration capacity, and generates more than
40% of the total on-site electricity produced by
the U.S. manufacturing sector, ;Despite’ the
—industry’s-impressive record for cogeneration
and utilizing waste materials for energy, the
industry still ranks third in energy purchases
and ranks first in fuel oil consumption (though
the industry has decreased its use of fuel oil by

Table 1. Historical Fuel and Energy Use in
the U.S. Pulp and Paper industry
{trillion Btu unless otherwise indicated)

1972 1892 1994 1995
Total Purchased 1,246 1,126 1,116 | 4,105
Fossil Fuel and
Energy
Purchased 94 168 167 158
Electricity
Purchased 23 26 42 45
Steam
Coal 225 341 325 329
Fuel Qil 469 167 164 150
Natural Gas 444 4485 438 452
Other 4 17 9 10
Energy Sold (-13) (-39) (-31) (-39)
Total Self- 847 1,494 1,451 1,459
Generated and
Residue Fuels
Hogged Fuel 42 243 188 208
(50% moisture)
Bark (50% 94 152 172 158
moisture)
Spent Liquor 6398 1,068 1,058 1,078
Solids .
Self-Generated 9 15 6 4
Hydroelectric
Power
Other 3 16 27 10
Total Energy* 2,093 2,620 2,567 2,564
Total Production 65,036 | 84,558 | 98,582 | 100,141
(000 short tons)

' Numbers may not add to totals due to rounding.

Source: Amencan Forest & Paper Associaton, Washington, D.C.
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almost 68% since 1972). In 1994, the industry spent about $6.2 billion on purchased energy, or nearly 4.3%
of the value of its shipments.'

Energy Consumption Trends

As shown in Table 1, total energy consumption in the U.S. pulp and paper industry has grown by about 0.5
quads since 1972 (an increase of 22%) while production in terms of tons of product produced has grown by
over 74%. The industry has significantly improved its energy efficiency, reducing the total energy use per
ton of product produced from 32 million Btu/ton in 1972 to 25.6 million Btw/ton in 19952 These
improvements in energy efficiency have been achieved through increased use of cogeneration, improved
“housekeeping,” waste reduction, waste heat recovery, and chemical and wood residue recovery; by using
advanced production and process control technology; and by closing older, less efficient mills. The industry

has significantly cut its use of fuel oil since 1972,
largely replacing it with self-generated and residue
fuels. As shown in Figure 1 (attached), the majority
of the industry’s energy demands today are met by
spent pulping liquor, followed by natural gas and coal.

Projections for energy consumption to the year 2010

and 2020 are based on the Energy Information

Administration’s (EIA) most recent annual forecast,
the Annual Energy Outlook 1997 (AEO/97).> AEO/97
presents forecasts of energy supply, demand, and
prices through 2015 for the pulp and paper industry.
The analysis presented here extends the AEO’s
forecast to the year 2020 by using a linear regression
of the data. AEQO’s projections are based on the
results of the EIA’s National Energy Modeling
System (NEMS). The NEMS Industrial Demand
Module forecasts energy consumption and energy
intensity subject to the forecasted delivered prices of
energy, technology mix, and macroeconomic variables
representing employment and value of output in each
industry. AEQO/97 presents a forecast for three
different economic growth scenarios: reference
(business-as-usual) case, low economic growth and
high economic growth. For each of these three cases,
NEMS uses different fundamental assumptions
concerning factors that affect the domestic economy
and world oil markets, as explained in the sidebar.

Key Assumptions for

Annual Energy Outlook 1997
conomic Growth
In the reference case presented by AE0/97,
productivity in the pulp and paper industry grows at
an average annual rate of 1.8% from 1995 through
2018, and the labor force grows by 1.0% per year.
Taken together, these factors help yield a growth in
real gross domestic product (GDP) of 1.9% per year
(when measured in 1992 chain-weighted dollars).
The high-economic growth case assumes that
national growth rates in productivity, the labor force,
and GDP are assumed to be 0.7, 0.7, and 1.4%,
respectively.

Global Qil Markets

In the reference case, the mean global oil price
increases by 1.0% annually to reach $21 per barrel
(in real 1995 dollars) by 2015. The range between
the assumed oil prices in the low- and high-
economic growth cases reflects uncertainty in the
world markets. In the low-economic growth
scenario, oil reaches $14 by 2015, whereas it
reaches nearly $28 per barrel under the high-
economic growth scenario. [n all cases, the

activities of the Organization of Petraleum Exporting
Countries (OPEC) is responsible for a significant
level of uncertainty.

! U.S. Department of Commerce, Bureau of the Census, /994 Annual Survey of Manufacturers, M94(AS)-

1 (Washington, D.C., 1996).

* American Forest & Paper Association, Washington, D.C.

3 Energy Information Adminiswation, Annual Energy Outlook 1997, DOE/EIA-0383(07) (Washington,

DC, December 1996).
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Table 2. Projected Energy Consumption in the U.S. Pulp and Paper industry (trillion Btu)

1995 2000 2005 2010. 2015 2020

Reference Case 2571.3 | 2679.8 | 2805.3 | 2867.1 | 2895.0 |3013.9
Fossil Fuels 1050.8 | 1043.6 | 1040.2 | 1019.0 988.3 983.5
Purchased Electricity 258.5 279.1 291.2 285.2 296.0 310.9
Renewables 1261.0 | 1357.1 1473.9 | 15582.9. | 1610.7 |1720.1

High Economic Growth 2571.3| 2731.0| 29150} 3044.3| 31458 33078

Fossil Fuels 1050.8| 1058.7| 1073.0f 1078.8} 1058.1| 1070.3
Purchased Electricity 259.5 285.7 303.9 314.2 3226| 343.6
Renewables 1261.0] 1386.6| 1538.1} 1659.3.| 1765.1| 1890.2.

Low Economic Growth 2571.3 2630.3 2696.8 2688:2| 2640.8| 2704.6.

Fossil Fuels 1050.8| 1028.7| 1007.2 966.1: 816.3| 894.4
Purchased Electricity 289.5 272.9 279.5 2764 269.8 | 278.8
Renewables 1261.0( 1328.7| 14102 14457] 1454.7] 1531.8

Source: U.S. Ijepanment of Energy, Energy Information Administration, Supplementary Tables for the Annual Energy
Qutiook 1997, December 1998, and unpublished data received Januasy 1997.

Table 2 shows projected energy consumption for the pulp and paper industry through 2020 for the three
economic scenarios. In the reference, or “business-as-usual” case (which is charted in Figure 2, attached),
total energy consumption is projected to grow at an average rate of 0.6% per year, increasing overall
consumption from over 2.5 quads in 1995 to just over 3 quads in 2020. This growth rate is well below the
industry’s average annual growth of about 1% per year for the period 1972 through 1995.

In all three scenarios it is anticipated that consumption of fossil fuels will continue to decline, and that
consumption of purchased electricity and self generated fuels and residues (labeled as “renewables” by the

EIA) will continue to increase.

Energy Intensity Trends

According to recent data from the American Forest & Paper Association (AF&PA), the pulp and paper
industry has reduced its total energy intensity by about 22% since 1972. Table 3 shows industry energy
intensity for the years 1972, 1994 and 1995. Fossil fuel consumption per ton of product produced has
decreased even more -- by over 40%. The consumption of self-generated and residue fuels per ton of product
produced has increased slightly -- from 13 million Btu/ton in 1972 to 14.6 million Btu/ton in 1995.

The AEOQ forecasts energy intensity for each of the major energy-intensive industries, including pulp and
paper. A key assumption used in the NEMS Industrial Demand Module is the Unit Energy Consumption
(UEC) estimate, which measures the amount of energy required to produce one unit of the industry’s output.
Table 4 shows the shows the UECs developed by the EIA for the pulp and paper industry. EIA calculates
UECs for three different technology levels: existing (the UEC of average installed capacity in 1991); new
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Table 3. Historical Energy intensity in the

1991 (the UEC of the average new plant built

U.S. Puip and Paper Industry (miilion Btu/ton production) from the ground up on 1991); and new 2015 (the

UEC of the average new plant built in 2015).

Self Generated Residues 13.0 14.7 14.6

Energy Consumed 1972 | 1994 | 1995 Based on the UECs, an equipment retirement rate
0 .. .

Total Energy 2.1 26.0 25.6 of 2.3%, antlc.xpated industry groth rates, and

_ other assumptions, the NEMS projects energy

Fossil Fuels 191 | 1.3 | 110 intensity levels for the pulp and paper industry.

Table 4 shows the UECs for the major process

Source: Amerncan Finest Paper Association, Washington, D.C.

steps involved in pulp and paper mill production:
wood preparation, pulping, bleaching and
papermaking.

Table 5 shows th jected intensi
able > stiows the projected energy Intensity Table 4. Unit Energy Consumption (UEC) for the Pulp

for the pulp and paper industry in each of the
three economic scenarios, as projected by the
AEQ/97. Here energy intensity is presented

as the amount of energy consumed per
constant dollar of output. Again, the AEO/97
projects values to the year 2015; we extended

the analysis to 2020 by conducting a linear
regression of the data. In the reference case,

energy intensity is projected to decline at an
average rate of 1.2% per year, from 21,270
Btu per dollar of output in 1995 to 15,520
Btu per dollar of output in 2020. The
consumption of fossil fuels per unit of output
shows the sharpest decline of the different
fuel types, going down from 8,690 Btu per
dollar of output to 4,870 per dollar of output,

a decrease of almost 44%.

The overall education in energy intensity for

the reference case of 1.2% closely matches

and Paper industry
(10°* Btu/ton process step product)
Process Step Existing New New
UEC 1991 2015
UEC UEC
Wood Preparation 0.3 0.2 0.2
Puiping
Kraft Pulping 15.7 11.5 9.4
Waste Paper Pulping 28 2.6 2.5
Semichemical 74 5.4 5.2
Pulping
Mechanical Pulping 57 4.8 47
Bleaching 8.7 5.0 4.6
Papermaking 9.5 71 5.3
TOTAL UEC 25.8 18.4 15.9

the historical level of 1.3%, calculated using
data provided in Table 3. As shown in Table
5, the difference in energy intensity between
the high-economic growth and low-economic
growth cases are not very significant. This

Source: Energy Information Admunistration, unpublished data received
January 1997,

-

reflects the expectation that the implementation of process efficiency improvements in the U.S. pulp and
paper industry will occur regardless of small upturns or downturns in the domestic economy and world oil

markets.

. p—— e v mmemme v g e e —", S W R S e ———— T W ———— =

e ey AT . = iy e st — -
v AT L T T TR ——— e T Wit ¥ L fraraming

Page 4



Table 5. Projected Energy lnténsity in the U.S. Pulp and Paper Industry(10° Btu/S87 output)

1995 2000 2005 2010 2015 2020
Reference Case 21.27 19.84 18.56 17.62 16.87 16.52
Fossil Fuels 8.69 7.72 6.88 6.27 5.75 4.87
Purchased Electricity 2.15 2.07 1.93 1.81 1.73 1.6t
Renewables 10.43 10.05 9.75 9.54. 9.39 g.05:
High Economic Growth 21.27 18.74 18.42 17.47 16.73 } 15.32
Fossil Fuels 8.69 7.66 6.78 6:15 5.62 . 4.69-
Purchased Electricity 2.15 2.06 1.92 1.80 1721 1.5
Renewables 10.43 10.02 9.72 9.52 939! 9.04-
Low Economic Growth 21.27 19.94 18.70 17.79 17.05} 1577
Fossil Fuels 8.69 7.80 6.98 6.39 592} 507
Purchased Electricity 2.15 2.07 194 18% 174} 1.6%
Renewabies 10.43 10.07 9.78 g:57 9.39( 9.08

Source: U.S. Department of Energy, Energy (nformation Administration. Supplementary Tables for the Annual Energy
Qutlock 1997, December 1996, and unpublished data receved January 1997.
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Figure 1. U.S. Pulp and Paper industry Energy Sources

1995
Total Energy Use
2.56 Quads
Other Self-Generated
Q,
0.4% Hydroelectric Power
Spent Liquor (Solids) 0.2%

41.3%

Purchased Electricity
6.1%
Purchased Steam
1.7%
Coal
12.6%
Bark
6.1%
7 Fuel Ol
Hogged Fuel G 5.8%
8.0%
Other Purchased ~ Natural Gas
0.4% 17.4%

Source: American Forest & Paper Association, 1996.
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AMERICAN FOREST, WOOD AND PAPER INDUSTRY
GASIFICATION COMBINED CYCLE INITIATIVE

Executive Summary:

Three joint Forest Products Industry-Department of Energy (DOE) projects have so. far been
endorsed by both the Chief Technology Officers Working Group and the CEO Climate Change
Options Advisory Group of the American Forest & Paper Association as appropriate to
demonstrate biomass and black liquor gasification. If proven, these technologies offer great
potential for improved capital effectiveness, energy efficiency, environmental performance,
global competitiveness and safety in the forest, wood and paper industry. These advantages will
be gained from:

» the ability to increase electrical power production capability by up to 300%;

e providing the potential to positively impact green house gas emissions by over
30 million metric tons of carbon per year;

e making available these technology options early enough for the majority of U.S.
industry to utilize them in normal capital replacement decisions; and

e providing U.S. facilities with significantly more effective and efficient power houses
compared to currently growing segments of the global industry, such as southeast
Asia.

The three projects are:

e Champion's Courtland, Alabama mill to demonstrate a full-scale pressurized, oxygen-
based Kraft black liquor gasification system,

¢ Georgia Pacific's Big Island, Virginia mill to demonstrate semi-chem caustic/
carbonate liquor gasification, and

e Weyerhaeuser's New Bern, North Carolina mill to demonstrate gasification of
residual biomass.

Each of the three projects utilizes a different gasification technology in a different application.
Choosing one technology over another to demonstrate on a sequential basis would result in
significant delay of getting the technology to the marketplace for use by all segments of the
industry. The combination of these three projects ensures that the broadest range of the pulp and
paper industry will benefit from the proposed demonstrations. Each of the applications may be
used separately, or may be combined for the highest level of benefits. Demonstrating them in
different mill configurations ensures that, if proven, the technology will find broad market
acceptance in a wide range of facilities in the industry—be it for replacement of current
technology or for incremental new capacity.

Because of the age of the industry’s powerhouses, these technologies need to be demonstrated in
paralle] if they are to be available in time for broad application across the industry. Due to the
diversity of the industry’s needs, no one technology can provide a full solution. Though the
three technologies differ, there are fundamental issues of chemistry and physics that are common
across each project. This can reinforce the robustness of the projects, reduce the risk of failure,
and—in the event of a project delay or diminished success—provide an adaptable alternative.
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The Agenda 2020 Energy Performance research area task group has included gasification
combined cycle in their most recent request for proposals, since there may be other opportunities
as well. The intent is to seek out the full range of sites and technologies where biomass and
black liquor gasification can be demonstrated for broad application within the industry, thus
increasing the likelihood that pulp and paper manufacturers will have the best technology options
from which to choose.

In the following document, the history of how the industry arrived at this point is reviewed, the
importance of the technology to the industry and the nation is discussed, a brief description of
the technologies involved is provided, the necessity for government funding is established, a
management oversight plan is suggested and a path forward is proposed.
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The History
Gasification of various carbonaceous feedstocks has been practiced successfully for over forty
years for the production of synthesis gas for chemicals.

In the mid 1970's, the pulp and paper industry around the world began to realize that the
industry's energy conversion equipment of that time was inefficient, capital intensive, and had
safety and environmental issues. The Gunnar Sundblad Conference in Stockholm, Sweden
addressed this issue in May 1976. At that conference, four new technology options for Kraft
recovery were proposed. Twenty-two years later, the industry is ready for first commercial
demonstrations. Through the Agenda 2020 process, three specific demonstration projects have
been identified.

The Tomlinson recovery boiler has been the dominant technology for recovery of chemicals and
energy from the spent pulping liquor (black liquor) of the Kraft pulping process since the 1930s.
There have been many attempts to develop alternatives, but none have achieved commercial
success. While many improvements have been made in the Tomlinson furnace since its
introduction, it still has relatively low thermal efficiency and a low power-to-steam output
ratio. In addition, it is high in capital and maintenance costs, and the potential for a smelt water
explosion remains. There are more than 200 Tomlinson boilers in the U.S., and about 80% of
them were built or rebuilt before 1980. Therefore, most recovery boilers will need major
modifications or replacement within the next 20 years.

In semi-chem operations, as in the Kraft process, it is important to the economics of the process
to recover the sodium chemicals used in pulping. The majority of semi-chem plants use a
Copeland fluid bed boiler in which there is no recovery of the energy value of the lignin. Three
mills use Tomlinson recovery boilers to recover the cooking chemicals, but all use supplemental
fuel to sustain combustion.

As recently as 1970, hog fuel or wood room waste was considered to have little value and was
regarded as more of a nuisance than a fuel. Many mills preferred to landfill it rather than reduce
boiler capacity by displacing then cheap oil. Higher fossil fuel prices focused more attention on
the value of hog fuel; and today, it is commonly burned in a boiler designed specifically for such
wastes or in a combination boiler burning fossil fuels as well. Hog fuel or combination boilers
have drawbacks similar to recovery boilers in that the power-to-steam output ratio is low and
they have fairly high capital and maintenance costs. Today, it is frequently uneconomic to
transport and burn forest residuals for their energy value. However, they represent a significant
potential fuel source if they could be utilized more efficiently.

In spite of their poor characteristics, the industry can be proud of the progress it has made in
using these fuels to supply its steam and electric power needs. In 1972, these fuels supplied
about 36% of its steam and power needs; but through conservation efforts and improvements in
combustion and power generation efficiencies, about 54% of these needs for the pulp, paper and
packaging sector are currently supplied with these same materials.

Never without new challenges, the industry has continued to upgrade the equipment used for
pulping, papermaking, and forest products to increase production, achieve greater efficiency in
fiber use and improve the quality of its products. Industry customers have become far more
demanding about quality, particularly as the technologies using its products have become much
more advanced. High-speed printing presses, copiers, facsimile machines and the like are less
tolerant of small quality changes and variations in paper, forcing specifications once thought
unrealistic. At the same time, environmental regulations have become more stringent, and the
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industry has had to add significant environmental control processes and equipment to its mills.
The Cluster Rules have added new requirements, and greenhouse gas initiatives may well do the
same.

What have these issues to do with energy? The changes that have been made to the industry's
processes and equipment have resulted and continue to result in a shift in the amount of steam
and power needed per pound of product to less steam but far more electric power. A modern
paper machine has an electric power load per ton that is 1.5-2 times that of an older machine.

The industry is meeting some of its needs by increasing the amount of power generation in the
mill, but the additional power generally is purchased from a local utility supplier. The electric
utility industry is changing even more rapidly than the forest products industry. During the next
several years, the entire electric utility industry could be deregulated. The industry's supplier of
electric power in the future may be the local utility, a utility a thousand miles away, or even a
broker buying and selling kilowatt hours the same way stocks are traded today. For some mills,
this may mean lower cost electric power; for some, deregulation could mean a trade-off between
reliability and cost. In any event, electric utility deregulation means changes for the forest
products industry that could place a premium on its ability to self-generate electrical energy from
non-fossil fuels.

Most of the pulp, paper and forest products produced in North America are consumed in North
America; and, until recent years, international exports and imports of these products was not a
significant factor in the economic profit of producers. That picture has also changed rapidly. The
industry is facing ever-increasing international competitive pressures in both the export and
import markets. High tariffs and government subsidies in Europe, Asia and South America
threaten its ability to compete and to remain a viable industry in the future. To remain viable,
operating costs need to be reduced; and energy—in most cases, the third highest cost after raw
materials and labor—has to be one of the primary targets for cost reduction.

In summary, the Agenda 2020 technology visioning process has recommended the early
demonstration of gasification combined cycle technologies and is currently supporting
significant fundamental research to enhance their success. A wide membership of the industry
has expressed serious interest and support for these demonstrations. Significant learnings have
been and are being derived from prior pilot facilities—including demonstrations of the MTCI
PulseEnhanced™ Steam Reforming process at Inland Container and Weyerhaeuser, the Kvaerner
Chemrec black liquor process at Frovifors, Sweden, and the Battelle/FERCO Low Inlet Velocity
process at Burlington, Vermont.

Currently, Champion, Georgia Pacific and Weyerhaeuser have proposed to work together with
the DOE and the AF&PA to obtain government cost share for three technology demonstration
projects. Funding is expected to come from the three companies as well as the DOE. In
addition, a request for proposals has been issued which seeks additional opportunities for
effective demonstration of these or other technology options. The U.S. Department of Energy
has been briefed and has expressed considerable support and willingness to participate. To
facilitate the timely success of these first units, an alliance of the industry is also a possibility.

The President's Commission on Science and Technology has recommended these technologies
for their potential to make a significant contribution to the country's obligations under global
climate. Those present at the American Forest & Paper Association Agenda 2020 Chief
Technology Officers Working Group Meeting on March 3 & 4, 1998 unanimously agreed to
pursue a gasification initiative and an early technology implementation; and on May 19, the CEO
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Global Climate Change OAG informed the AF&PA Board of their unanimous suppoit of the
planned path forward. :

The Technologies

Gasification: The conversion of low cost solids or liquids into clean burning gases
for replacement of expensive fossil fuels.

Combined Cycle: The use of a gaseous fuel in a gas turbine followed by the
production of steam, which is subsequently used in a steam turbine such that both
turbines produce electric power.

Kraft black liquor and semi-chem caustic-carbonate liquors are mixtures of organic components
dissolved from the wood, inorganic cooking chemicals and water. Even when concentrated in
multiple effect evaporators, they contain large percentages of water and are low quality fuels.
Gasification allows separation and recovery of the inorg- ~ic cooking chemicals while producing
from the organics in the liquor a combustible gas product that, when cleaned, is a very viable
medium Btu fuel. As applied to biomass, gasification allows one to take a fuel that is roughly
half water by weight and produce from it a higher quality fuel. These fuel gases can be used as
direct replacements for fossil fuels.

A key impetus to commercialize biomass and black liquor technologies is the ability to fire the
product gases in a gas turbine and to use the gas turbine exhaust, which is at about 1000°F, to
raise steam that can be passed through a steam turbine to generate additional electric power. In
recent years, the industry has become a significant user of gas turbines as it has increased the
amount of power generated on mill sites. Where this has occurred, it provides the basis for
partial or complete replacement of natural gas with syngas from black liquor and biomass as
natural gas prices increase. In spite of these trends, there is still a substantial and growing
amount of power purchased from utilities. Gasification combined cycle has the potential for
greatly increasing the amount of electric power generated per unit of fuel.

For example, if one takes the black liquor and hog fuel generated in a 1,500 ton-per-day
integrated Kraft mill, it is possible to generate about 70 MW of power using the current
technology of a Tomlinson recovery boiler, a combination boiler, and a steam turbine generator.
Replacing the Tomlinson recovery boiler with an integrated gasification combined cycle (IGCC)
black liquor system increases the potential power generation to nearly 200 MW The same black
liquor and hog fuel supplied to a combination of black liquor and biomass gasification in IGCC
configuration can generate nearly 300 MW of power (approximately a 300% and 400% increase,
respectively). The efficiency gain depends on the specific configuration examined; but typically,
the overall cycle efficiency of an IGCC plant can be up to 10% higher than a conventional cycle.

The shared vision of the industry is reflected in the figure at the top of page 7 where a
hypothetical powerhouse configuration is shown utilizing both black liquor and biomass
gasification. Having these developing technologies available by 2010 or before will allow the
majority of the industry to have these significantly improved options as they make necessary
powerhouse replacement decisions.
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cleaning of the product gases from the gasification step prior to their final combustion.
Therefore, it is possible to better control the quality of the gas and to remove some of the
precursors of adverse environmental emissions. The overall result is lower environmental

emissions than current technology.
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The recent greenhouse gas protocol agreed to by the U.S. in Kyoto, Japan calls for sharp
reductions in emissions of greenhouse gases. The U.S. forest products industry is, on the one
hand, provides large sequestration of carbon both through long-term storage in its products and
by planting and growing trees. On the other hand, it is an emitter of carbon dioxide through its
manufacturing processes. As a large user of energy, regulatory initiatives that are developed to
meet the goals of the Kyoto agreement are likely to have a huge impact on the economic viability
of the forest products industry.

Forest, Wood & Paper industry Cycle
Today’s Powerhouse Technology Mabic Tons Crbon

Forest, Wood & Paper industry Cycie - Total Repiacement

with Gasification Combined Cycie Technology

If proven to be economically and commercially viable, biomass and black liquor gasification
combined cycle technologies offer tremendous opportunities for this industry to make a positive
contribution to the reduction of greenhouse gas emissions. Initial estimates indicate that, if fully
implemented, these technologies have the potential to reduce carbon emission by 30 to 60
million metric tons per year, depending on whether the fossil fuel displaced is natural gas or coal.
Significantly less than 10% of the industry’s boilers would have to transition to the new
technology to achieve a 7% reduction goal for the industry. These impacts are graphically
represented below.

Furthermore, these technologies are believed to have crosscutting applications for other energy
intensive industries, such as chemicals, petrochemicals, utilities and refining. By demonstrating
these technologies in the forest products sector where there is a high likelihood of success, the
Department of Energy—along with key gasification technology suppliers—could help facilitate
the transfer of the technology to other potential applications. This would expand the potential for
improved energy efficiency and environmental performance in other sectors.

As stated above, the industry has recognized the advantages for itself and for the Nation of
biomass and black liquor gasification technologies since the late 70's. Since this time, it has
worked with the DOE and others to bring these technologies to commercial reality. Safety,
energy efficiency, capital effectiveness and global competitiveness have been consistent drivers

for the advancement of these technologies.
If proven successful, some of the specific benefits of IGCC include:
e Higher energy efficiency—up to 10%
e Higher reduction efficiency for Kraft cooking chemicals—typically 5% improvement
e Higher electrical power generation—in excess of twice the kWh/ton
e Lower environmental emissions
o Improved safety and capital effectiveness
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These benefits, however, are to some degree offset by risks—particularly to the first users of the
technologies. These risks include: '

e Capability of the suppliers

o Ability to keep units on line in the early years

e Maintenance costs

e Impact on production

e Possibility of failure to achieve design performance
The aging of industry powerhouses and the current national emphasis on global climate change
create a window of opportunity for rapid demonstration. The Industry supports developing the
structure and the federal funding for pursuing the timely demonstration of these technologies,
and the Administration's initiative on reducing carbon emissions may provide the extra support
needed to "lift" these technologies over the economic and feasibility barriers to show that they

are attractive, reliable and robust. In addition, the industry speaking with one voice instead of
fragmented will greatly enhance its ability to achieve the benefits these technologies offer in a

manner that is consistent with national goals.

Kvzerner Chemrec™ Pressurized Black Liquor Gasification System

Champion
Kvaerner/Chemrec Pressurized Black Liquor Gasification
Concentrated .
Spent Liquor g;?rt‘osz:iltt:s:f
Steam turbine
Oxygen
Pressurized
Gasifier
Condansate _
& Green Liquor —— * —3» Digester
White Liquor

Development of the Kvzrner Chemrec™ System began in the early 1980s. The original parent
company of this technology, SKF Steel, began the development of plasma-based gasifiers for
black liquor, but excessive carryover of alkali materials and high electrical power consumption
caused them to abandon this approach. They built a lower temperature pilot plant in 1987 that
established that black liquor gasification was feasible without plasma energy support. Kvearner
purchased the technology in 1990 and continued development in both low-pressure air-blown
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pilot and commercial facilities and a high-pressure oxygen-blown pilot facility, leading to the
proposed entrained flow configuration for this demonstration.

Concentrated black liquor, preferably at 65% solids or higher, is injected into the upper portion
of the gasifier together with atomizing steam and oxygen. The gasifier operates at about 1700~
1800°F and around 400 psi. The high pressure and a very short residence time result in a very
compact unit. The organics in the liquor are partially oxidized to form a combustible gas while
the inorganics melt and flow down the gasifier as entrained droplets or a thin layer on the walls.
The small amount of smelt in the gasifier and the absence of large quantities of water ensure that
a smelt water explosion is precluded.

The product gases from the gasifier contain combustible gases as well as hydrogen sulfide and
steam. They are cooled in a heat exchanger to generate process steam and are scrubbed of
hydrogen sulfide in a conventional absorber/ stripper system—technology long in use in the
petrochemical industry. The concentrated hydrogen sulfide stream from the stripper is treated in
a conventional Claus plant to form elemental sulfur for use in preparation of polysulphide
cooking liquors. The cleaned product gases can be burned in a boiler or gas turbine.

A similar demonstration of the Kvarner Chemrec™ gasifier at an unbleached linerboard mill in
Sweden is under discussion. Should that demonstration go forward, the information available to
the U.S. industry is likely to be limited and delayed. Further, there will be virtually no
information available on the very important aspect of integration of black liquor gasification into
the kraft process.

MTCI/StoneChem PulseEnhanced™ Steam Reforming Process

Georgia-Pacific
MTCI PulseEnhanced™Steam-Reforming Process

PRODUCT GAS
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SODIUM SULFIDE

PROCESS
- STEAM
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The StoneChem gasification process employs indirect heating of a steam fluidized, bubbling bed
of sodium carbonate solids. Black liquor is sprayed directly into the bed, where the liquor
droplets uniformly coat the bed solids, resulting in high rates of heating, pyrolysis and steam
reforming. Bed temperatures are maintained at approximately 1100°F, thereby avoiding liquid
smelt formation and the associated smelt-water explosion hazards. Neither combustion (burning)
of the black liquor nor alkali smelt formation occurs in the steam reforming process. Steam
reacts endothermically with the black liquor char to produce a medium-Btu syngas rich in
hydrogen. This product gas passes through a cyclone to remove particulate matter followed bya
heat recovery unit. It is then further cooled and scrubbed to recover additional chemicals and
produce a clean burning fuel. Chemical recovery is accomplished by continuously purging the
dry (sodium carbonate and potassium carbonate) solids from the reformer bed and dissolving
them in a mix tank.

Heat required for the endothermic steam reforming reactions is supplied by heat exchangers
immersed in the fluidized bed. The heat exchangers consist of bundles of pulsed heater
resonance tubes that supply the necessary heat by burning a portion of the product gas, thus
making the PulseEnhanced™ Steam Reformer self-sufficient with regard to fuel. The excess
product gas and the hot combustion gases leaving the pulsed heaters are sent to a waste heat
boiler to generate process steam and preheat combustion air for the pulsed heaters.

Georgia Pacific believes that there are three extensions of this technology. First, it is a new
process for high-yield chemical pulping where historically there have been only three dominant
processes—namely, NSSC, Billerude and the soda process. Each of these processes have serious
limitations which have prevented expansion of high-yield chemical pulping. Inclusion of a
gasifier in the soda process makes this process reliable and energy efficient, thereby giving the
industry a process choice that will likely increase the use of the high-yield pulping process.

Second, the PulseEnhanced™ Steam Reformer process is expected to be compatible with the
inclusion of wood waste, especially sawdust. While it is beyond the scope of the proposal,
Georgia Pacific intends to investigate this possibility and change the mill power island in
accordance with the resulting economics.

Third, as demonstrated on a small pilot scale by Weyerhaeuser, the PulseEnhanced™ Steam
Reformer process is also applicable to kraft black liquor. The current view is that the initial
application is most probable in conjunction with a recovery boiler as supplemental capacity or as
replacement for one boiler in a multi-boiler mill. Although the Big Island unit is designed for a
soda process, there is a small sulfur reduction capability. If, as expected, the Big Island unit as
constructed is found to be capable of processing kraft black liquor, Georgia Pacific will seek an
environmental permit for a demonstration of this capability. This trial could be conducted on
“imported” black liquor and could be of several days duration. It would investigate the
compatibility of refractory material and the lower and narrower range of temperatures identified
in the earlier trials at Weyerhaeuser, New Bern. The capability of the PulseEnhanced™ Steam
Reformer unit to process commercial quantities of kraft black liquor would in this way be
demonstrated. While beyond the scope of the currently proposed project, it is a question that
Georgia Pacific wants to answer before its next recovery boiler rebuild or purchase.
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Battelle/FERCO Low Inlet Velocity Gasification System

Weyerhaeuser

Battelle/FERCO LIVG Gasification System

Clean Medium Btu
Synthesis Gas .

Wastewater

The Battelle/FERCO biomass gasification system (initially developed by Battelle) has been the
subject of several evaluations by Weyerhaeuser over more than a decade. It seems particularly
suited to a pulp mill environment since it operates at close to atmospheric conditions, produces a
medium Btu gas, is tolerant of changes in feed quality, requires less attention to fuel drying and
holds the promise of requiring significantly less capital. The medium Btu gas (450500 Btu/scf)
produced from wood residuals is accomplished without an oxygen plant. A gas having a heating
value in this range can normally be readily utilized by existing oil or gas-fired equipment without
de-rating and with little retrofit equipment. -

Wood is fed, with size reduction and partial drying, into a gasifier where it is contacted with hot
sand and a conveying stream of steam. The wood reacts, producing a medium Btu product gas
and char which, along with the sand, is separated from the product gas by cyclones. The solids
discharge of the cyclone directs the sand and char mixture into a combustor where the char reacts
with air to reheat the sand, which then returns to the gasification vessel. The product gas
continues on to heat recovery and water scrubbing to remove condensable organic material. The
flue gas from the combustor at 1,900°F provides a valuable heat source for generation of steam
or other process heating applications.

The inherent high reactivity of wood and other biomass feedstocks makes it possible to utilize
extremely compact equipment for generation of the medium Btu product gas. Specific
throughputs of over 2,000 Ibs/hr-ft* of reactor area have been achieved in the research unit and
are expected to be even greater in the development unit currently in start-up at Burlington,
Vermont. These throughputs are more than an order of magnitude higher than conventional fluid
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bed gasification reactors. This should translate to lower capital cost than systems requiring
larger equipment. In addition, the two-zone system allows the heating value of the cool, cleaned
product gas to remain constant—independent of the moisture level of the feed.

Although the Burlington demonstration is an essential step in the evolution of this technology, as
was the Weyerhaeuser pilot facility in the evolution of the PulseEnhanced™ Steam Reformer
technology, it leaves many questions unanswered. The risks that will be addressed at New Bemn
include integration of a fuel dryer, use of the syngas in a lime kiln application, significant
improvement in design resulting from a chemical process plant, as opposed to a boiler, design
philosophy, long-term operability and maintenance costs, and process control philosophies in a
pulp mill integrated environment. In addition, the New Bern proposed facility represents a
significant scale up to a size typical of the needs of pulp mills.

The Necessity for Government Funding

The government is asking industry to meet stringent environmental and energy efficiency
standards through numerous regulations, including potential new treaty obligations on
greenhouse gases. These cannot be met in a cost efficient way without significant new advances
in technology, such as those provided by the gasification processes. The U.S. government

recognizes this.

The gasification technologies discussed here
have been in development for several years, but The “Mountain” of Death
the risk and costs associated with full-scale

Au aistie iof CoOmmercs orowr

demonstration have prevented them from

becoming commercialized. Industry estimates : [t

indicate that the first project for each - ,_/;“,:":.:;'::;:;.. sacvice
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capital than subsequent projects and will also %g [t s \o"‘\""@m
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The figure on the right from the Electric Power
Research Institute Technical Assessment Guide
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represents the experience of the utility industry,
which is typical of process industries like forest products. This figure clearly shows that the first
commercial units are significantly higher in capital than later units.

Host facilities and key suppliers are now in
amamdnm, - place and willing to share the cost and risk
associated with proving these new
technologies with the Department of Energy
through the framework of Agenda 2020.
The DOE-funded demonstrations are
intended to bring the technologies to the
marketplace—it is unlikely that they would
otherwise make it because of the cost and
risk involved. As shown here, the three
projects being recommended to the DOE
have a five-year cost of ~3200,000,000. The
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industry is proposing approximately a 50-50 cost share between DOE and the private sector
participants.

In addition to financial support, the demonstration of these new technologies will need support
from the Environmental Protection Agency (EPA). Due to the timing of the proposed MACT II
rules, the projects will each need assurance from EPA that the mills will have the flexibility
needed to complete the demonstrations without being in violation of EPA regulations.

The anticipated compliance deadline of the MACT II rules could be as early as 2001, yet the
proposed demonstrations are not anticipated to be completed until 2002 to 2004. If the
demonstrations fail, which is unlikely, the mills will need at least 18—24 months to restore the old
technology and retrofit it to be in compliance with MACT II. Since the proposed new
technologies provide numerous environmental benefits, it is anticipated that EPA will be willing
to work with the host facilities to allow the demonstrations to proceed with the needed regulatory

flexibility.

Management Oversight Plan

The demonstrations of these technologies will offer numerous benefits to the industry as a whole.
Jointly funded DOE demonstrations require that the ultimate results be shared with the public.
Through the American Forest & Paper Association’s Chief Technology Officers group, agreed-
upon progress reports will be shared with the AF&PA membership. This will allow participation
by member companies in the demonstration of the technology.

Additionally, the final report will be extremely detailed, as required by law, and will be made
available to AF&PA members as well as the public. If these technologies can be proven to be
commercially viable, then subsequent installations will have a major advantage of installing
technology that bypasses the deficiencies of the initial demonstration without the risk and added
cost associated with being first.

The management oversight recommendations which follow incorporate DOE requirements, but
have been supplemented by using principles learned in highly successful joint activities
including BLRBAC (Black Liquor Recovery Boiler Advisory Committee). Those principles are:

1) Written goals

2) Generation of accurate data

3) Mutually agreeable goals

4) Scheduled meetings to share data

5) Joint problem solving

6) Routine reports to members

7) Routine reports to the industry
Each of the three gasifier project proposals will incorporate the major input from the Agenda
2020 process. This will lead to mutually agreeable goals. The resulting proposals will specify

technical and commercial goals with deliverables and milestones. This will provide written
goals.

It will be the primary responsibility of each company to achieve their milestones and goals, and
the DOE will have primary oversight responsibility. Reports will be generated on the required
schedule with the required format and content. This is one phase of generation of accurate
data.
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However, the three gasification projects have an unusual supporting relationship and will be of
significant interest to the pulp and paper industry. Each of the three projects will distribute
periodic progress reports directly to the Agenda 2020 CTO Working Group. This is another
phase of reports to the committee and to the industry.

Each project has the opportunity and is encouraged to request key industry technical experts to
participate in problem-solving activities. This arrangement will allow for an unprecedented
opportunity for joint problem solving, and should maximize the transfer of technology.

Finally, each project will designate a realistic number of “open house” days where industry
representatives can see the units in sustained operation.

All of the foregoing activities will ensure that alternatives and techniques learned on one project
will be available to the other projects. For example, a risk analysis of the Big Island project
showed a potential high risk for maintenance to the pulse chambers of the gasifier. This has led
to a request to design two separate combustion chambers instead of a single chamber. This
design may permit isolation of a single chamber so maintenance can be performed on the “idle”
chamber. This design alternative, whether used or not, will be available to the other projects.
Other opportunities for sharing of information include materials of construction, refractory
technology, gas cleaning technology, liquor filtering, fuel feed mechanisms, predictive
maintenance, and control strategies. This high degree of technical cooperation is expected to
significantly increase the probability of success.

Each project will distribute its final report to the DOE and to the Agenda 2020 CTO Working
Group. This is one of the last steps in reports to the industry. Finally, each project will submit
a peer reviewed technical or management article to the Technical Association of the Pulp and
Paper Industry (TAPPI) or the Paper Industry Management Association (PIMA) for publication
and presentation at a conference. This “committed” distribution and publication will result in an
unprecedented sharing of technology.

The Path Forward

A significant effort will be required to develop and execute these projects over the next 4-5
years. Some of the most significant early activities are listed below:

¢ July 10, 1998, communicate opportunities around this issue to interested AF&PA members
e July 14-31, 1998, make recommendation of gasification projects to DOE
¢ September—October, 1998, begin negotiation of contracts with DOE

® July — October, 1998, discussions with EPA regarding assurances for regulatory flexibility
for demonstrations

e November, 1998, complete DOE contract negotiations
* December, 1998, begin first phase of Champion and Georgia Pacific projects
* December, 1999, begin first phase of Weyerhaeuser project

¢ Continued outreach to industry and other potentially interested parties including suppliers,
universities and national labs

¢ Lobby as an industry group for needed federal funds
¢ Develop and execute demonstration projects
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Attachment |
Kvzrner Chemrec Technology Demonstration

Pressurized Oxygen-Blown Black Liquor Gasification
and Integrated Combined-Cycle Cogeneration

Targeted Agenda 2020 Energy Performance Area: Commercialization of combined-cycle
gasification technologies for both black liquor and biomass

Abstract

Champion International Corporation, together with Air Products and Kvaerner Chemrec™, plans
to demonstrate pressurized oxygen-blown black liquor gasification and combined-cycle co-
generation at Champion's Courtland, Alabama paper mill. Phase 1 is the detailed engineering of
a 1.2 million pounds/day black liquor solids gasification plant including gasifier, heat recovery,
gas cleaning, and sulfur management. Phase 2 is the construction of the facility, and Phase 3 is
the start up and initial operation. The combustible product gas would be fired initially in a
bubbling fluidized bed boiler; and, when the quality of the gas is assured, it would be fired in a
gas turbine as partial replacement for the current natural gas fuel.

Black liquor gasification offers the potential for up to ten percent higher energy efficiency over
conventional technology, higher reduction efficiency of Kraft pulping chemicals, up to twice the
electrical power generation per pound of black liquor, lower environmental emissions and
positive greenhouse gas effects, improved safety, and improved capital effectiveness. The
Kvaerner Chemrec™ System is the most advanced black liquor gasification technology, and
offers the highest potential for successful commercialization. The Courtland facility offers the
possibility of demonstrating the firing of the product gas in an existing gas turbine. This isa
unique opportunity to bring this high-potential technology to the pulp and paper industry.

The demonstration program, including design, construction and operation, would span
approximately five years. This proposal discusses the first-year detailed engineering phase of the
program in some detail with Phases 2 and 3 in more general terms. The Phase 1 effort would
provide more detail on these latter phases.

Proposer Sub-proposer

Champion International Corp. Air Products and Chemicals, Inc.
One Champion Plaza 7201 Hamilton Blvd.

Stamford, CT 06921 Allentown, PA 18195

Attn. Edward G. Kelleher Attn. David R. Ruprecht

Sub-proposer

Kvaerner Chemrec AB
Floragatan 10 B

S-114 31 Stockholm, Sweden
Attn. Lars L. Stigsson
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Background

The Kraft process accounts for more than half of the pulp produced in the United States and 80%
of paper contains Kraft pulp. Forecasts do not indicate any change in this for the foreseeable
future. Recovery of the cooking chemicals is key to the economics of the Kraft process, and the
Tomlinson recovery boiler has been the dominant technology for this since the 1930s. There
have been many attempts to develop an alternative to the Tomlinson boiler, but none have been
commercially successful. While many improvements have been made in the Tomlinson boiler
since its introduction, it still has relatively low thermal efficiency and a low power-to-steam
output ratio. It is high in capital and maintenance cost, and there is the potential for a smelt
water explosion. There are more than 200 Tomlinson boilers in the U.S. and about 80% of them
were built or rebuilt before 1980. Therefore, most recovery boilers will need major
modifications or replacement within the next 20 years.

Gasification of various kinds of carbonaceous feedstock has been practiced successfully for over
forty years for the production of synthesis gas for chemicals. Gasification of black liquor has
been studied for many years, most intensely starting in the early 1980s. In 1990, Kvaerner
purchased the parent gasification technology of today's concept and continued its development.
An atmospheric pressure air-blown demonstration gasifier was installed at the AssiDoman
Frovifors mill in Sweden in 1991; and, in 1997, a commercial atmospheric pressure air-blown
gasifier was started up at the Weyerhaeuser New Bern mill in North Carolina. In addition,
Kvaerner Chemrec built a pressurized pilot gasifier at a Swedish mill in 1994. Learnings from
these operations have been incorporated into the conceptual design for the proposed
demonstration.

Integrated gasification combined cycle (IGCC) technology is the marrying of carbonaceous fuel
gasification, firing of the product gas in a gas turbine, followed by the production of steam and
subsequent generation of additional electrical power in a steam turbine generator. Several large-
scale IGCC plants, based mainly on coal gasification, are operating at the present time. The
development of IGCC technology based on black liquor presents many challenges compared to
other feedstock, but would have significant benefits for the pulp and paper industry if proven
successful.

The proposed project has not received any prior government funding.

Objectives

The objective of Phase 1 of this project is'to do a detailed design and cost estimate of the
gasification plant, heat recovery, gas cleaning and sulfur management facilities, and the
integration of the demonstration plant with the existing Courtland mill—including provisions for
liquor supply, initial product gas combustion, product gas combustion in a gas turbine, green
liquor ties, white liquor ties, and utility ties. The estimate would include all costs to complete the
demonstration.

The objectives of the overall project include:

e Demonstration of large-scale pressurized oxygen-blown black liquor gasification

¢ Demonstration of product gas clean up and sulfur management

e Demonstration of combustion of the product gas in a gas turbine (igcc)

e Demonstration of sulfur recovery from the product gas of black liquor gasification
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¢ Production of polysulfide-containing white liquor from the recovered sulfur

e Investigation of the yield effects of using polysulfide-containing white liquor in the kraft
pulping process

¢ Comprehensive process analysis of the integration of black liquor gasification into the kraft
process

Pre-Project Requirements

In order to proceed ‘with the latter phases of the project, the EPA must include an 'innovative
technology' provision in the MACT II regulations or grant a site-specific waiver so that
Champion will be assured sufficient time to implement conventional modifications to
Courtland's No. 1 recovery boiler should the subject demonstration not be successful. It is also
necessary that the State of Alabama approves the project and grants the necessary permits.

General Project Approach

The work under Phase 1 will entail detailed engineering, cost estimating, and process analysis of
the demonstration plant integrated into the existing Courtland Kraft mill. The project cost
estimating will be in sufficient detail to provide a £10% estimate of the full demonstration.
Champion will focus on the process integration with its existing facility. Air Products will
engineer the demonstration plant in cooperation with Kvaerner Chemrec and suppliers for the
various plant components. Kvaerner Chemrec will focus on the design of the gasifier and
integration of the facility's sulfur management system with the Kraft pulp system. It is expected
that, due to internal manpower availability, subcontract support will be engaged for some
elements of the detailed design. At the end Phase 1, there should be sufficient detailed
information for all parties to determine their interest in proceeding with the latter phases.

The latter phases of the project include procurement of the equipment, construction of the
demonstration plant, commissioning, and operation. Since the existing No. 1 recovery boiler has
about twice the capacity of the proposed gasification plant, it would remain in operation, but at a
reduced rate when the demonstration plant is operating. Initially, it is planned to burn the
product gases in an existing fluidized bubbling bed boiler to which a scrubber is being retrofitted.
When it has been demonstrated that the product gases are consistently of the quality required for
gas turbines, it is planned to fire the product gases in the existing Frame 6 gas turbine, replacing
up to fifty percent of the natural gas fuel on a Btu basis. This demonstration should provide all
of the information necessary to make a decision on the commercial viability of the process and
all of the data necessary to substantiate the benefits expected from the technology.

Benefits to the Industry

The benefits to the industry of the successful demonstration of this technology are many and
include:

o Higher overall energy efficiency—up to 10% higher—resulting in less demand for fossil
fuels

e Higher green liquor reduction efficiency—5% improvement expected as typical
o Higher electrical power generation—up to twice the kWh/ton as conventional cycle
e Lower environmental emissions—including nox and CO; emissions
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e Improved safety—eliminates the potential for a smelt-water explosion present with a
Tomlinson boiler

e Higher kraft pulp yields from polysulfide-containing white liquor usage

Once the technology is demonstrated, the industry can apply it at any Kraft facility as a way to
get incremental capacity and/or as a replacement for recovery boilers when they reach the end of

their useful life.

The U. S. pulp and paper industry is facing ever increasing international competitive pressures.
High tariffs and government subsidies in Europe, South America and Asia threaten its future
competitiveness. Successful demonstration of this technology would be a major contributor to
helping keep the U. S. Kraft industry viable and competitive in addition to all of the other
benefits of the technology.

Schedule
Start Completion
Phase 1 - Engineering
Engineering 4Q98. 1Q00
permitting 4Q98 4Q99
process optimization 4Q98 1Q99
definitive estimate 2Q99 1Q00
Phase 2 - Construction
Construction 2Q00 4Q01
bid package awards 2Q00 2Q00
gasifier package 2Q00 4Q01
O3 supply 2Q00 4Q01
sulfur management 4Q00 4Q01
mill interfaces 1Q01 4Q01
pulping line modifications 3Q01 4Q01
Phase 3 - Demonstration
Demonstration 1Q02 2Q03
start up 1Q02 2Q02
baseline operation 2Q02 1Q03
gas turbine integration 1Q03 2Q03
commercial operation 2Q03
Budget and Funding
All spending is in millions ($1,000,000) of dollars.
Proposers DOE Project Total
Phase 1 - Engineering
fiscal 99 1.00 1.00 2.00
fiscal 00 0.25 0.25 2.50
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Phase 2 - Construction

fiscal 00 10.00 10.00 - 22.50

fiscal 01 10.00 10.00 42.50
Phase 3 - Demonstration

fiscal 02 11.75 11.75 66.00

fiscal 03 . 0.75 0.75 67.50
Phase 1

Air Products and Chemicals labor 1.145

Kvaerner Chemrec labor 0.430

Champion International labor- 0.550

Travel 0.075

Outside contracts 0.300

Total 2.500

Key Personnel

Champion

Edward G. Kelleher, Director, Energy Management; Eng.Sc.D. in chemical engineering; 18
years pulp and paper experience including powerhouse simulation, energy optimization and
power generation. Principal Investigator on DOE project DOE/CS/40341-T4-6, Feasibility of
Black Liquor Gasification in Combined Cycle Co-generation

Ronald McCarty, Director, Utilities; BS in electrical engineering; 38 years pulp and paper
- experience including project design, power systems operations, plant engineering, maintenance.

Lars Danielsson, Director, Pulping; BS in chemical engineering; 33 years pulp and paper
experience including pulping research, mill operations, process design, advanced pulpmg
technologies.

Fred Magee, Mill Engineer (Courtland); BS in civil engineering; 22 years pulp and paper
experience in project engineering,.
David Myers Manager, Chemical Recovery and Utilities (Courtland) BS in chemical

engineering; 22 years pulp and paper experience in process engineering, power and recovery
operations, power and steam distribution.

Gary Martin, Fiber Supply Manager (Courtland); BS in pulp and paper technology; 19 years
pulp and paper experience including pulping, bleaching, and lime kiln/causticizing operations,
process engineering.

Air Products

David R. Ruprecht, Sr. Development Manager; degrees in metallurgical engineering and
business; 27 years experience in the development and commercialization of industrial gas and
power applications.

John J. Lewnard, Engineering Associate; Ph.D. in chemical engineering; 12 years experience in
development of advanced energy systems including fluidized bed boilers, gas turbines and
gasification technologies.
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Robert N. Miller, Sr. Contract Development Manager; Ph.D. in geochémistry; 20 years
experience in research and managing government contracts.

Kvaerner Chemrec

Lars L. Stigsson, Vice President, Studies and Configurations; BS degree in chemical
engineering; 20 years experience pulp and paper research and the development of technologies
related to black liquor gasification.

Niklas Berglin, Lead Process Engineer; Licentiate - Heat and Power Technology; several years
experience in pulp mill energy analysis and black liquor gasification integration.

Proposers' Contract Specialist
Robert N. Miller
Air Products and Chemicals, Inc.
7201 Hamilton Blvd.
Allentown, PA 18195
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Attachment Il
MTCI/StoneChem Technology Demonstration

Steam Reforming Black Liquor Gasification at Georgia-Pacific’s Mill in Big Island, Virginia

Abstract

Georgia-Pacific Corporation, together with StoneChem, Inc., proposes to demonstrate
PulseEnhanced™ Steam Reforming black liquor chemical recovery at Georgia-Pacific’s mill in
Big Island, Virginia. The technology was developed and patented by Manufacturing and
Technology Conversion, International (MTCI) and is currently licensed to StoneChem, Inc. for
use in North America. Pilot studies of steam reforming have been carried out on a 25 ton per day
reformer at Inland Container’s Ontario, California mill and on a 50 ton per day unit at
Weyerhaeuser’s New Bern, North Carolina mill.

This full-scale demonstration project will include engineering, construction, startup, and
operation of a 400,000 pounds per day black liquor solids steam reformer plant including
reformer reactor, gas cleanup system, heat recovery, and chemical recovery. The project will
replace existing smelters and provide the entire chemical recovery capacity for the Big Island
mill. Excess product gas will be burned in a heat recovery unit to produce 600 psig process
steam to replace a portion of the steam currently generated by higher cost natural gas. This
represents an energy recovery opportunity currently not available to Big Island or other non-
sulfur semi-chemical mills.

The Big Island Mill converted to non-sulfur caustic-carbonate pulping in 1972, and has extensive
experience in processing the high viscosity and difficult burning sodium based black liquor.
Pilot tests on Big Island black liquor at MTCI’s facility in Baltimore, Maryland have shown the
capability of the steam reforming process and confirmed the potential energy and environmental
benefits. The Big Island mill represents a unique opportunity to demonstrate the capabilities and
applicability of the Steam Reformer Gasification Technology for chemical recovery in the Pulp
and Paper Industry. The extremely low sulfur chemistry of this facility provides a lower risk
opportunity for demonstration of the technology, while the size of the mill provides the
opportunity for this process to provide complete chemical recovery.

The demonstration program, which includes design, construction, and operation, will cover a
four-year period. This proposal describes the project approach, schedule, benefits, and
objectives.

~.

Proposed by: Sub-proposer:
Georgia-Pacific StoneChem, Inc.
PO Box 105605 6001 Chemical Rd.
Atlanta, Georgia 30348-5605 Baltimore, Maryland 21226
Attention: Benjamin A. Thorp Attention: Lee Rockvam
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Background

The recovery process is an essential component of a pulp and paper mill operation from both an
economic and an environmental aspect. Chemicals used in the pulping process are recovered
and spent liquor organic solids are converted to energy (typically process steam). The
Tomlinson recovery boiler has been the predominant technology; however, fluidized bed
combustors have also been used successfully in some segments of the industry. Both
technologies have inherent deficiencies including low thermal efficiencies, high capital and
maintenance costs, and various operational problems. The Tomlinson unit has the additional
potential for smelt-water explosions.

Gasification of black liquor represents a new and better approach for the chemical recovery
process and eliminates many of the deficiencies of the Tomlinson and fluid bed combustion
technologies. Gasification benefits include increased efficiency in energy conversion and
chemical recovery, elimination of the smelt-water explosion hazard, reduced maintenance costs,
and significantly lower environmental emissions including particulate, TRS, NOx, VOC, and
greenhouse gases. The benefits are particularly attractive to semi-chemical non-sulfur processes
that require higher cost auxiliary fuel to sustain combustion of the black liquor.

The steam reforming technology is ideally suited to the conversion of a variety of variable
moisture content organic feedstocks, such as black liquor. Carbon conversion efficiency to gas
can be high, typically 95%. The MTCI Steam Reformer technology is unlike the other
gasification processes currently available. The process employs indirect PulseEnhanced™
heating of a steam fluidized bed of sodium carbonate solids. This process produces an
endothermic reaction converting black liquor organics to a gas in the absence of air or oxygen at
temperatures below those required for smelt formation. This approach avoids the shortcomings
of exothermic reactions found in other gasification processes that utilize higher temperatures and
produce smelt. MTCI has carried out studies of spent liquor reforming in a 0.5 ton per day black
liquor solids pilot unit since 1990. Successful pilot trials have been conducted steam reforming
Big Island black liquor for 108 continuous hours at this facility. Tests on the product gas from
the pilot trials have confirmed the potential energy and environmental benefits. A 25 ton per day
black liquor solids reformer was operated on mill sludge and imported black liquor at Inland
Container Corporation’s Ontario, California, mill in March 1992. A nominal 50 ton per day
black liquor solids pilot demonstration plant began operation at Weyerhaeuser’s New Bern,
North Carolina, Kraft mill in the spring of 1994. A 500 hour continuous test was successfully
completed at New Bern in August 1995. Although neither is in current operation, the results
from both units identified improvements that will be incorporated into the design of the proposed
demonstration unit.

A project team was formed to analyze the alternatives for the Georgia-Pacific mill in Big Island
to meet the requirements of the EPA Cluster Rule MACT I regulations and MACT II proposed
regulations. After analyzing various options, two project alternatives were determined to be
economically viable and capable of meeting the requirements of the project. A conventional
(Tomlinson) recovery boiler option could meet the project objectives with proven technology
and demonstrated safety, environmental and energy performance. A steam reformer, while not a
proven technology for this application, offers to meet the project requirements with better safety,
environmental and energy performance than a conventional recovery boiler.
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Objectives

The project will install a steam reformer and associated equipment to process all of the black
liquor (400,000 pounds of black liquor solids per day) from the pulping process at the Georgia-
Pacific mill in Big Island, Virginia. The steam reformer and associated equipment will operate
with environmental emissions at or below the limits set by the environmental permit. The
equipment installed will maximize the recovery of energy and chemicals while producing a
sodium carbonate solution suitable for use in the pulping process.

Pre-Project Requirements

In order to proceed with the project, the EPA must include an ‘innovative technology’ provision
in the MACT I regulations. An alternative would be for EPA to provide Georgia-Pacific official
documentation that if the steam reformer technology fails to meet the project requirements,
additional time will be allowed to implement a conventional recovery boiler option.

The Virginia Department of Environmental Quality must grant a revised air permit for Big Island
prior to beginning any construction. The steam reformer supplier must guarantee that the permit
requirements can be met under all conditions and at all times. The preliminary engineering and
detailed cost estimate must confirm the economics obtained from the budget estimates. The
project must also obtain the necessary funding and corporate approvals for this technology.

General Project Approach

The work will consist of preliminary engineering required to completely define the scope of the
project and secure the necessary funding. Preliminary engineering will be followed by detailed
engineering to specify and procure all of the equipment required, finalize the process design,
design all foundations, steel, piping, electrical, instrumentation and process controls and finalize
the construction sequence and schedule. Prior to the completion of the detailed engineering, a
firm will be contracted to provide the construction services for any equipment not purchased on a
‘turn-key’ basis. The construction contractor will provide the supervision, labor and construction
equipment to install the equipment, piping, electrical, instrumentation and controls required by
the project. As the construction activities are completed, commissioning teams comprised of
personnel from Georgia-Pacific, the equipment manufacturers, the engineering company and the
construction contractor will commission and start up the equipment. Training for Big Island mill
supervision, operations and maintenance will be conducted by Georgia-Pacific staff personnel
and representatives from the equipment manufacturers.

The project will be started up and placed in service with the existing Smelter equipment kept on
standby. The existing equipment will be utilized during periods when the steam reformer or
associated equipment must be modified or adjusted. After the steam reformer is operating
reliably, it will be tested to demonstrate environmental compliance as well as contractual
compliance. The existing Smelter equipment will be removed from service after successful
steam reformer testing.

Benefits to Industry

Successful completion of this project will demonstrate this technology to be capable of providing
the full chemical recovery capacity for a mill. The project will demonstrate the reliability and
operational flexibility of the technology and all of the associated equipment. Once the
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technology is demonstrated, the industry can apply this at other facilities to obtain better energy
conversion, improved safety and environmental performance.

The predicted total thermal efficiency of the steam reformer technology is over 70% compared to
approximately 65% for conventional recovery boilers. The improvement.in thermal efficiency
will provide over 120 MBtu per day of additional process steam. This is equivalent to 4,600
pounds of high-pressure steam per hour at Big Island. The predicted environmental benefits to
the industry of the steam reformer technology compared to conventional recovery boiler
technology are listed below:

Emissions Reformer Recovery Boiler
TRS (ppmv) 1 1-2
NOx (ppmv) 25 150
CO (ppmv) 25 250
HCI (ppmv) ND 5
Particulate (gr/dscf) 0.01 0.02
VOC’s (ppmv) 5 80
Preliminary Schedule
Activity : Start Complete
MACT II regulations publishe 1999.2
Environmental modeling 1998.3 1999.2
Environmental permit 1999.2 1999.4
Preliminary engineering 1999.1 1999.2
Final engineering 1999.3 2000.1
Purchase major equipment 19994 2000.1
Construction 2000.2 2001.2
Start up and modifications 2001.3 2002.1
Performance & compliance tests 2002.1 2002.3
Industry Demonstration 2002.1 2002.4

Preliminary Spending Schedule

All spending in $ x 1,000,000

op DOE P{g{if‘ Gasifier Option - Projected Spending
1999.1 0.20 0.20 0.40 Does not include contingency
1999.2 0.20 0.20 0.80
1999.3 0.30 0.30 1.40
1999.4 0.40 0.40 2.20 o
2000.1 1.50 1.50 5.20 S v
2000.2 1.75 1.75 8.70 s 3
2000.3 1.75 1.75 12.20 M g
2000.4 3.00 3.00 18.20 » g
2001.1 2.15 2.15 22.50
2001.2 1.50 1.50 25.50
2001.3 0.65 0.65 26.80
2001.4 1.05 1.05 28.90
2002.1 1.00 1.00 30.90
2002.2 0.40 0.40 31.70 .
2002.3 0.40 0.40 32.50 G-P DOE ——Total Pl'OjeCt
2002.4 0.25 0.25 33.00 Total Project Cost: $33,000,000
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Qualifications Of Key Personnel

Georgia-Pacific Corporation

Gerald Laughlin - Project Manager: Over 30 years pulp & paper project management experience, -
20 years with Georgia-Pacific on projects ranging in size from $10 million to over $150
million. ‘

J. Pat Moore - Environmental Responsibility: B. S., M.S. Environmental Science; 13 years
experience in environmental engineering and compliance in the forest products industry.

Mike Ohl - Process Responsibility: B.S. Applied Science Paper Technology; 27 years pulp &
paper experience. Experience includes research & development, process engineering and
process control engineering.

Keith Flynt - Operations Responsibility: BSME; 13 years experience in power and recovery
operations at the Big Island mill.

Ralph Sisk - Project Engineering Responsibility: BSCET; 19 years experience. 7 years at the
Big Island Mill in engineering and operations.

Philip Campbell - Staff Consulting Engineer — Pulp: B.S. Math; 31 years pulp & paper
experience. Experience includes operations, mill engineering, environmental engineering,
project engineering, and mill management.

Robert DeCarrera - Staff Consulting Engineer — Power & Recovery: BSCE; 23 years pulp &
paper experience. Experience includes operations, construction, project management and
design and staff engineering.

StoneChem, Inc.

Momtaz N. Monsour - President StoneChem Inc.: PhD. Engineering Sciences; M.S. Aeronautics;
B.Ae.E. Aeronautics; Director and Co-Founder of MTCI, Inventor of steam-reforming and
pulsed combustion technology, Previous leadership responsibilities include Director Fuel Cell
Div. of Department of Energy.

Lee Rockvam - Vice President- Pulp & Paper Applications StoneChem Inc.: B.S. Chemical
Engineering; Master Studies Industrial Management; 19 years Paper Industry experience
including positions as Technical Director, Pulp Mill Manager, Paper Mill Manager, and Manager
of Business Planning. -

William Steedman - Principal Engineer- ThermoChem Inc.: B.S. Chemical Engineering.
Currently responsible for design of steam reforming technology. Experience includes Group
Leader for development of fluidized bed boilers; Process design engineering at Battelle
Laboratories.
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Proposer’s Contracting Specialist

Benjamin A. Thorp
Director, Pulp & Paper Engineering

Mailing Address: Shipping Address:
Georgia-Pacific Corporation Georgia-Pacific Corporation
PO Box 105605 133 Peachtree Street, N.E.
Atlanta, Georgia 30348-5605 Atlanta, Georgia 30303
GA030-18 GA030-18

Phone: 404-652-4618

FAX: 404-584-1466

E-mail: bathorp@gapac.com
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Attachment Il .
Battelle/FERCO Technology Demonstration

Low Inlet Velocity Gasification of Biomass, Weyerhaeuser New Bern Mill, North Carolina

For many years, Weyerhaeuser has evaluated and encouraged the development of biomass
gasification combined cycle technology in general and, in particular, the technology developed
by Battelle Memorial Institute and currently licensed to Future Energy Resources Company
(FERCO). This technology is being piloted at the 200 BDT/day size at the McNeil Power
Station in Burlington, Vermont. As part of a DOE feasibility study, Weyerhaeuser is
participating on the Burlington Project Team with the objective of helping that demonstration to
be successful as well as providing efficient technology transfer for the first large-scale
demonstration facility being evaluated for construction at Weyerhaeuser’s mill in New Bern,
North Carolina.

The New Bern market pulp mill represents a unique opportunity for this demonstration in that its
incremental thermal energy is supplied by #6 and #2 oil. The mill has had a long history of
interest and activity in the gasification area, and currently operates the world’s largest
atmospheric black liquor gasification system, designed to process 0.73 M Ib/d BLS. The
knowledge and experience that has been achieved from the mill’s activities with gasification—
coupled with its dependence on oil as an incremental fuel and its high power costs—provides a
unique opportunity for the effective demonstration of the Battelle/FERCO technology.

Proposed by: Weyerhaeuser Company
CCII-103
PO Box 2999
Tacoma WA 98477-2999
Attention: Delmar R. Raymond
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Background

Biomass gasification combined cycle technology has continued to be a high industry energy
priority for several years. Sharing the industry’s interest in this technology, Weyerhaeuser has
been actively following and encouraging its development. The Company believes that this
technology is ready for a first large-scale demonstration and has offered to provide a host site.
Following the completion of a feasibility study, partially funded by the DOE through the
National Renewable Energy Laboratory, a proposal for the initial steps toward engineering and
construction of the first large-scale demonstration plant based on the FERCO/Battelle technology
was submitted through the Agenda 2020 Energy Task Group and was subsequently funded.
Weyerhaeuser believes that the New Bern mill is a unique location for the demonstration project
and has researched this possibility in detail. The project there is anticipated to cost ~$60,000,000
with the funds being committed in the 2000-2003 time frame. Approximately $30,000,000 will
be required from the federal government or other sources to make this project viable and
successful.

Objectives

The project will install a FERCO/BCL Low Inlet Velocity Gasification system and associated
equipment to process ~700 BDT/day of wood residuals and pulp mill sludges. The medium Btu
syngas from the system will replace oil currently being burned in the mill’s lime kiln and power
boilers. The specific objectives achieved for the industry will include a thorough understanding
of:

¢ capital and operating costs and opportunities for capital cost reductions in future units;

* the impact of utilizing medium Btu gas in lime kilns and power boilers previously fired with
oil; and

® operating and control strategies to optimize the capital effectiveness of the equipment.

All of the learnings surrounding the above objectives will be reported to industry participants
through the Agenda 2020 mechanism in a timely fashion.

General Project Approach

Preliminary engineering for the New Bern installation is being done under Weyerhaeuser’s
current project with the Department of Energy. The additional engineering required to secure the
necessary funding will be done as part of this project. This will be followed by detailed
engineering to specify and procure all of the required equipment; finalize the process design;
design all foundations, steel, piping, electrical, instrumentation and process controls; and finalize
the construction sequence and schedule. Prior to the completion of the detailed engineering, a
firm will be contracted to provide the construction services for any equipment not purchased on a
“turn-key” basis. The construction contractor will provide the supervision, labor and
construction equipment to install the equipment, piping, electrical, instrumentation and controls
required by the project. As the construction activities are completed, commissioning teams
comprised of personnel from Weyerhaeuser, the equipment manufacturers, the engineering
company and the construction contractor will commission and start up the equipment. Training
for New Bern mill supervision, operations and maintenance will be conducted by Weyerhaeuser
staff personnel and representatives from the equipment manufacturers.

July 11, 1998 ' Pge29




Once the system is operating satisfactorily, a minimum demonstration period of one year will be
undertaken. During this time; interested industry representatives will be invited to observe the
plant’s operation at times acceptable to local operating management.

Benefits to the Industry

Although the pulp and paper industry is currently No. 1 in the industrial generation of electricity,
there is a clear movement toward more and more dependence on purchased electrical power.
This undeniable trend is the result of a combination of changes in the industry’s manufacturing
processes. To remain competitive and satisfy stricter environmental requirements, mills are
undergoing modernization and process optimization with a resulting decrease in built-in capacity
for cogeneration of electricity. Added environmental control equipment, primarily scrubbers and
precipitators, create greater electrical demand. Alternatives to chlorine bleaching sequences,
involving on-site oxygen/ozone generation, and an industry trend towards more thermo
mechanical pulp also contribute to increased demand. Recycling is having electric power
consequences, since using recycled fiber adds to electrical demand (except in TMP fiber -
replacement). Another consequence of recycling is that it leaves no appreciable amount of
residue, as wood does, that can be used as fiel.

Conversion efficiency can be increased through innovations in drying biomass before conversion
to useful energy, but will be attained primarily through advances in conversion technology. The
Dutch-oven boiler of the 1950’s operated at less than 15% overall thermal conversion efficiency
to electricity with a condensing turbine. It is expected that the advanced biomass gasification
combined cycle (BGCC) technologies now emerging will produce three times as much electrical
energy from the same amount of biomass, operating at close to 45% efficiency. If these
technologies can be shown to be cost competitive, they will become the technologies of choice
over the next 10-15 years. Biomass and black liquor will not be delivered to furnace cavities,
but rather to gasifiers. The gases exiting the gasifier will be cleaned and used to fuel gas turbine
combustors and lime kilns. Steam will be produced in heat recovery steam generators
downstream of the gas turbines. This steam will be used for further power generation and for
process steam. The result will be a significant technology shift for many of the industry’s
manufacturing facilities, from high-steam/moderate-electricity operation to lower-steam/higher-
electricity operating designs. BGCC systems will be an important part of that technology shift.

In order to achieve this technology shift, three things must happen. The new technology must be
shown to be available for less capital than current technology. The new technology must be
shown to be more environmentally compatible and to be able to produce significantly more
electricity for the same thermal load. This project will demonstrate the validity and magnitude of
these attributes.

Preliminary Schedule

Complete an engineering estimate suitable for capital allocation® ...................oooveveveenn.... June, 1999
Develop the business case that justifies the economic sustainability

of the demonStration ProJECt™ ............ouviuivieeeeeeeeeeeeeeeeeeeeeee oo e, June, 1999
Quantify federal funding posSIDIItIES............ovv e October, 1999
Secure the necessary funding and contractual obligations. .........cocovevveevevooeveeoreee January, 2000
Complete engineering for CONStIUCHON. ...........coeveveeeeeeeeeeeeee oo, May, 2000
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Preliminary Schedule (continued)

Complete CONnSLIUCLION .......ceuveeieieeiienieccereeieeeeineeenens
Complete shakedown and testing ..........ccceeceeecncncncnncns

Carry out industry demonstration............cc.ceeccevceeniecnennes

*funded under current DOE project
Preliminary Spending Schedule

Project
Year Weyerhaeuser DOE Total
$ x 1,000,000 $x 1,000,000 $x1,000,000
2000 5 5 10
2001 10 10 30
2002 10 10 50
2003 5 5 60

Total Project Cost: $60,000,000

Qualifications of Key Personnel

Delmar R. Raymond — Program Director

......................................

......................................

November, 2001
November, 2002
November, 2003

Gasifier Option - Projected Spending
(does not include contingency)

$ x 1,000,000

Year

EZZ DOE »ZZAWeyerhaeuser —©— Project Total

PhD ChE; over 25 years management experience in the pulp & paper industry

James F. Lincoln — Project Manager

BSME and MBA; over 20 years pulp & paper experience, including process engineering and

project management

Craig A. Brown — Process responsibility

MSME; over 17 years experience in the pulp & paper industry, including managing

gasification demonstration project

William Koos — Project engineering responsibility

BSME; 11 years experience at Weyerhaeuser’s New Bern mill with responsibility for all
major maintenance and capital projects; 13 years prior engineering experience

Others to be determined.

Proposer’s Contracting Specialist

Judith A. Kieffer

Mailing Address: Shipping Address:
Weyerhaeuser Company Weyerhaeuser Company
CCII 103 Campus Center II
PO Box 2999 501 South 336"

Tacoma WA 98477-2999

Phone: 253-924-6200
Fax: 253-924-6812

e-mail: kieffei@wdni.com
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Relevant Publications

Report on New Bern Biomass to Energy Project, Phase 1 Feasibility Study
Weyerhaeuser Company, Stone & Webster Engineering, Amoco, and CP&L

June, 1995

Advanced Biomass to Energy Conversion Technologies for the Pulp & Paper Industry

D. R. Raymond and J. A. Kieffer
o Biomass Conference of the Americas; Portland, Oregon; August, 1995

Alternative Energy Sources and Technologies for the Pulp & Paper Industry
D. R. Raymond; Applied Biochemistry and Biotechnology; Vol. 57/58, 1996

Report on the Workshop on Commercializing Black Liquor & Biomass Gasification for Gas
Turbine Applications in the Pulp & Paper Industry
D. R. Raymond and E. D. Larson; Princeton, New Jersey; January, 1997

Commercializing Black Liquor and Biomass Gasifier/Gas Turbine Technology
E. D. Larson and D. R. Raymond; TAPPI Journal; December, 1997
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SECTOR EMISSIONS AND MITIGATION OPTIONS

PULP AND PAPER
Contribution to U.S. Greenhouse Gas Emissions

Carbon emissions from combustion of fuels in the forest products industry has been
cdlculated based on energy consumption data collected for the Manufacturing Energy
Consumption Survey (MECS). These are shown in the table below. Direct emissions are
based on end-use only. Primary emissions include energy losses from the generation and
transmission of electricity, based on the fuel mix for the national grid. Forest products
includes pulp and paper mills, as well as the manufacture of lumber products.

Combustion-Related Carbon Emission Trends for
the U.S. Forest Products Industry

(million metric tons of carbon equivalents)

S oaess [y |0 w008
Direct Carbon Emissions 55.57 60.76 64.79 69.15
Primary Carbon Emissions 65.77 71.91 76.72 82.40

Background on the Pulp and Paper Industry

The U.S. has the world’s largest installed pulp, paper, and paperboard production
capacity, some 86 million air-dry metric tons (ADMT) per year in 1993, or about 30
percent of global capacity. Manufactured products from the paper and allied products
industry (SIC 26) include newsprint, printing and writing paper, tissue, paper plates, card
stock, corrugated cardboard, cartons, and construction-grade paperboard. The industry
can be divided into two principal sectors. The energy-intensive mill sector processes raw
materials into paper and paperboard, and includes the SIC codes 261 (Pulp Mills), 262
(Paper Mills), and 263 (Paperboard Mills). The converting sector further processes the
- sheets of paper and paperboard into other finished products, and includes SIC codes 264
(Coating and Glazing), 265 (Paperboard Boxes and Containers), 266 (Building Paper and
Paperboard), and 267 (Miscellaneous Converted Paper Products, e.g., bags, envelopes,
sanitary products, etc.).

In 1994, the industry as a whole employed 621,400 workers and shipped products valued
at almost $144 billion (about 4% of all U.S. manufacturing shipments in 1994). Total
value added by manufacture was estimated to be over $63 billion. The value of shipments
from the mill sector alone was $58 billion and the value added was $26 billion. Average
hourly earnings for the industry’s 479,000 production workers was $14.33, about 15%
above the 1994 national industry average. The value of exports and imports in 1993 was
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$9.6 billion and $10.6 billion, respectively. Major imports were newsprint, printing and

. writing paper, and bleached kraft pulp. Major exports included paperboard, waste paper,
and bleached kraft pulp. In addition to traditional competitors in the world such as
Canada and Scandinavian countries, the U.S. industry is facing increasing competition
from low cost producers such as Chile, Indonesia, Brazil and South Africa.

The U.S. is home to close to 550 pulp and paper mills located in 42 states. The majority
of this capacity is in the South (54%), with the other forested U.S. census regions about
evenly dividing the remaining capacity (Northeast 13.5%; North Central 18.4%; Mountain
and Pacific 14%). Over the last twenty years or so, many of the smaller, older mills have
been closed down and replaced with larger integrated mills. The integrated mills produce
both pulp and paper and/or paperboard. The trend is toward larger size (over 2000
tons/day) plants with the capability to consistently process high-quality products at higher
speeds.

Energy and Materials Consumption

The papér and allied products industry is the third-largest industrial energy consumer in
the U.S., behind only petroleum refining and chemicals. It accounts for 12.4 percent of
total manufacturing energy use, or about 3 percent of national energy use. The mill sector
of the industry accounts for the majority of energy use - about 95% of all energy used
in the paper and allied products industry (and thus is the focus of most energy-related data
collection efforts for the industry). In 1995, the industry consumed over 2.5 quads of
energy. A large portion of this energy demand (about 57%) was self-generated from
residue fuels such as spent pulping liquor solids, hogged fuel, and bark, as well as a small
amount of hydroelectric power. Since the early 1970s, the industry has increased its use
of self-generated and residue fuels by over 70%. The industry has also significantly
increased its cogeneration capacity and generates more than 40% of the total on-site
electricity produced by the manufacturing sector. Energy-efficiency has also greatly
improved: the total energy use per ton of product produced has dropped 22% since 1972
- from 32 million Btw/ton in 1972 to 25.6 million Btw/ton in 1995. Fossil fuel and other
purchased energy consumption per ton of product has decreased even more -- by over
40% since 1972.

Environmental Issues

Many environmental issues and concerns affect the industry. Sustainable forestry
management is needed to provide an assured source of high-quality virgin fiber while
meeting environmental objectives to protect soil, water and air quality, wildlife and fish
habitat, and species biodiversity. The industry is also committed to aggressive paper
recovery and recyclé/reuse goals. In addition, the industry produces a variety of solid,

ey o —.
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liquid and air emissions that are subject to federal and state regulatory control. According
to recent reports, the industry generated about 220,000 tons of hazardous waste in 1989
and about 1.5 million tons of air pollutant emissions in 1991. The industry spends about
$3 billion per year on pollution abatement and environmental improvements, representing
over 20% of total capital expenditures.

Factors Shaping Industry Response
Competitive and Structural Factors

Capital intensive: New capital expenditures in the last decade have averaged 10.4 percent
of revenues (AFPA, 1994), making paper and allied products the most capital intensive
of the manufacturing industries. On average, the industry has invested over $120,000 of
plant and equipment for every industry employee, more than twice the average of other
manufacturing industries in the U.S. The high capital costs restrain the ability of the
industry to install new technologies -- especially technologies that will not significantly
contribute to lowering production costs.

Energy intensive: The energy intensity of the paper and allied products industry was 21
MJ (20,000 Btu) per dollar value of shipments in 1991, ranking it as the second most
energy intensive industry group in the manufacturing sector. Despite the industry’s
impressive record for cogeneration and utilizing waste materials for energy, the industry
still ranks third in energy purchases and ranks first in fuel oil consumption. In 1994, the
industry spent about $6.2 billion on purchased energy, or nearly 4.3% of the value of its
shipments. Rising fossil fuel costs would create additional incentives to increase reliance
on self-generated energy and further increase the energy efficiency of pulp and paper
production processes.

Environmental concerns: Manifested in changing market demands and more stringent
environmental regulations, environmental concerns are among the most important drivers
of technological change in the pulp and paper industry.

Technology Options

There are major opportunities for improving the efficiency of process energy use in the
pulp and paper industry. A number of new energy-saving process technologies such as
digesters and paper or pulp dryers, are under development or recently commercialized,
and process heat integration analysis has been applied in several mills. Most process-
specific changes that bring energy efficiency improvements also bring productivity and
other improvements. Reducing process energy needs per ton of product will lead directly
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to reductions in CO, emissions. At the same time, it may also facilitate quantum
improvements in cogeneration technologies for on-site heat and power gereration.
Advanced biomass-based cogeneration systems, which would provide major
improvements in efficiency over existing systems, are currently undergoing rapid
development. Black liquor/biomass gasification systems currently being studied are
potentially 30% more efficient at producing electricity than existing recovery boilers.
Such systems are likely to be commercially ready by around the turn of the century.
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CCAPII

Industrial Cogeneration and Distributed Generation
Program for Carbon Emission Reduction

1.0 Background

The production of electricity is a major source of carbon emissions. Electricity generation
currently accounts for 36 percent of total carbon emissions, according to EIA. Coal, which
accounts for about one-half of electricity generation, produces 80 percent of the (electricity
related) carbon emissions. Carbon emissions from power generation is very likely to increase as
coal continues to account for about one-third of new capacity. EIA projects that close to 300
GW of new capacity will be required will be needed by 2015 to meet rising demand and
compensate for the retirement of 38 GW of nuclear capacity. This added capacity, if met by the
current mix of technologies, will result in a 34 percent increase in carbon emissions from 1995

levels.

The United States currently accounts for approximately 40 percent of the new capacity additions
in the world and thus has a significant impact on global carbon emissions. While the U.S. share of
new additions will decrease as other countries continue to electrify, U.S. manufacturers provide
over 60 percent of the equipment worldwide and are play a leading role in the development of

power generation technology.

Emissions will increase as demand increases unless cleaner technologies are brought to market
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readiness through U.S. manufacturers. Advanced cogeneration technologies can provide a near
term reduction in carbon emissions and nitrous oxides while renewable technologies become
established in the market. For example, the natural gas-fired Advanced Turbine System (ATS)
produces 60 percent less carbon emissions and 95 percent less NO, than coal-fired central power
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station technology on an output basis (Ibs/kWh). Gas turbines are more efficient than steam
boiler electricity generation, primarily found in the industrial and commercial sectors

Industrial scale cogeneration, around 20 MW, is becoming increasingly important as the
technology’s cost drops, the electric industry restructures and distributed generation increases.
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The manufacturing sector will want to adopt these technologies to lower costs and provide
flexibility in the power markets as well as lower their emission profile. Support for the advanced
cogeneration program will encourage both the manufacturing and the power generation industry
to implement these clean technologies while providing a bridge to the next generation of
renewable energy options.

Cogeneration, which is the sequential production of electricity and heat from a single fuel source,
is a extremely effective means of reducing carbon emissions. Efficiencies of close to 60 percent
can be obtained in combined cycle systems, where electricity is generated both from the turbine
and steam raised from the turbine exhaust heat. In combined heat and power cycles, where the
exhaust heat is used in the manufacturing process or for space conditioning, thermal efficiencies
can approach 85 percent. With cogeneration, lower carbon emissions are obtained through the
replacement of coal-fired central power plant and the elimination of local boilers.

Cogeneration and industrial on-site power generation will be important elements in the
restructuring of the electric utility industry. Industrial power plants (around 20 MW) are being
installed to support local “load pockets,” which would normally require expensive upgrades to the
transmission systems. There is a movement away from centralized generation to “distributed”
generation which is located closer to the load. Because of the uncertainty in the electricity market
and the nation-wide overcapacity in generation, there is a reluctance to invest in large (1000 MW)
plants. Industrial, commercial and institutional users will find utilities less willing or able to deter
their investments in on-site generation.

In order to reduce carbon emissions in the generation of electricity while providing a bridge to
renewable technologies as they continue their progress into the marketplace, five near-term
technologies should be supported. These include:

. Advanced Turbine Systems Program: ATS is the highest efficiency distributed power
system available in the 2000-2005 time frame. The program should be accelerated to meet
market entry in 2000 to coincide with increasing distributed generation capacity. The
program has projected 50 GW of ATS capacity by 2010, which would translate to a
Carbon emissions reduction of 153 million tons annually, or 4 percent of total U.S.

emissions.

® Natural Gas Reciprocating Engine Development Program: Reciprocating engines, also
known as diesel engines, are widely used to provide on-site generation (typically between
100 and 3,000 kW) in baseload, peak shaving and emergency backup applications. The
engines are also used in machine drive applications, to drive, for example, pumps and
compressors Some 3500 engines are sold annually. Natural gas engines are derived from
diesel oil models. There is a significant amount of technology in the laboratory phase that
needs to be developed and integrated into the natural gas engines to improve emission
performance and efficiency. The successful adaptation of these technologies will increase
the market share of natural gas engines in the reciprocating market to over 50 percent,
thereby reducing CO, emissions by 4-million tons and NO, emissions by 6000 tons

annually.




Black Liquor Gasification Combined Cycle: Black liquor contains the lignin (the
carbohydrate “glue” holding wood fibers together) that is removed in the reduction of
wood to fiber in the pulping process. It is currently burned in recovery boilers, which
produce steam for process use and electricity generation along with CO,, NO, and other
air toxins. The gasification of the black liquor will increase the efficiency of its recovery
and thereby lower emissions. Over the next 5 to 10 years, more than one-half the
recovery boilers will be replaced. The next window of opportunity will occur in 40 years,
at the start of the next life cycle of the boilers. The cogeneration potential in the forest
products industry is estimated to be 8300 MW.

Fuel Cell-Gas Turbine Combined Cycle: The combination of the fiel cell with a gas
turbine has the potential of achieving electric generation efficiencies approaching 75
percent. The fuel, either natural gas of a coal or biomass-derived gas, would first be fed to
a fuel cell. The hot exhaust gas from the fuel cell would be combined with any reformed

- fuel and expanded in the gas turbine. Carbon emissions would be extremely low, and-the
system would displace electric generation plant with higher carbon emissions. This
program incorporates the technologies of the Advanced Turbine Systems program and the

Fuel Cell programs.

Micro turbines: Micro turbines can be simple, inexpensive to operate and maintain as well
as they have the potential to run on multi-fuels such as diesel, natural gas, propane, landfill
gas and biogas. Small generating equipment, in the 40 to 200 kW range, will play an
important role in distributed generation. These “micro-generators” can be placed at the
point of demand and avoid the need for substations, transformers and overhead wires.
Micro turbines have low emissions with the use of a catalytic burner. NOx levels are

below 3 ppm.




Contract #DE-FG36-94G010025 Deliverable No. 5
“

INDUSTRY STATISTICS




1661 SO3W :82In0g

“papn|oxe 8Je (S(|0 [9N} [enpiSes pue 8jej(IISIP O} PaUBAUCD (10 epn1d “*68) sjonpord AB1sua 18410 0) PaeAUOD 819M Jey) S}00Ispas) pue sindul esoyl “semod
pue jesy jo uojionpoid sy} Ul pesn ABIeue Jeujo pUB WRe)s JeU SepN{oul OS{E UWNjod 180, 8YL “1emod pue Jeay jo uoyonpoid sy} Joj pewinsuod sem Jey) ABisue Ajuo epnjou)
Ansnpuy Bujuijes wnejoned sy) so) suwinjos Sujujewss ey *ABisus jo edA jo sse|piebes 'uwinjod JeYI0. B} UL papnjou; ese sjueid jeojweyoosied Bujulolpe Je uoidwNsUoD 320)Spes)
pue (sjusajos pue ‘syuesuqn ‘sexem ‘yeydse “o°) syonpoid ABseusuou jo uonanpoid ey 1o} sinduj [episjew mel pue syoojspasy ey ‘Ajluo Aisnpu Bujuljes wnejoned ey 1o ,

‘sindu) jeuejew

Meipjooispes; se Jo 1emod pue yesy eanpoid o} pasn sem jey) ABieus Jaujo pue ‘(s1ejsuel] Jau pue ‘sejgemsus) WoJj uojieleusb ‘seseyoind Jo WNS 8u}) Weels 18U SapNjou) JeUO. ,

*sseonposd pue siexoiq se yoans (s)ie|ddns 1syjo Aue pue 'ssujedid uojssjwsues; 'sejiin wWo pauleiqo seb |einjeu sapnjou| SeD [BINEN, ,

"s|en} |9selp ¥ pue ‘g ‘| ‘SON PUE S|I0 [eNn}  PUE ‘g ‘| "SON Sepn|aul IO 19N e1e|(isiOx q

“(jeoo ‘sjdusexs Joj) jan} Buessusb se pepniou; usaq Apesse sey AB1aus jey} esnesaq s|any ejqisnquod woij uolielsusb o uofersusBos elsuo woy sindu; Aoosie epnjou
10U S0P )| 'INO paisejsuB]) pue pjos seuenb SNUW ‘SBoIN0Sa) BjqeMBUB) B|gIISNGUIOIUOU WoJ) uolessusBb pue ‘ui siejsuel) ‘seseyoind Bujwwns Ag psureiqo st . 1101198(3 19N, ,

(o1) {c08°6) (+08'0E) (L) (sot) (¥N) (¥vN) (e81'gE) (e29't) (21eereeng 'seorwIN Iseld)
2L 822'1L A vN 889 898’1 VN 9.2'9v1 L9%'2 ge/Ansnpu sjelepy Arewyid
(9e) (2e2) (9e2'8) (3L (sg) (ge9) (set) {sst'6) (21€) (tveenusws) oyneIpAH)
VN VN zer'et ¥N 0Le ler'e L) vig'oe 088 ge/s1onpold sseto pue ‘Aejo ‘euols

(eeL'y) 0 (vet) (688'S1) (692) {ses't) (z62'01) (251'62) (eas's) o1 162/Bujuyey wnsjonad)

vo8'y VN WN VN €18 £89'c LLPOL z8L'oe L96'S 62/510npo1d (20D pue wnejollad
925 A2 VN ¥N 29L'e olv'e YN £60'621 1S0'S 82/S1onpoid Pallly pue s[esjwayo
WN VN gse'el 6.€'1 WN £65°t £88'v2 968'85 905'2 92/s1onpoid pallly pue Jeded
el 0 29€'t 629 ] ¥90°1 996't 2e5'62 v 22/sianpold [iIN eilxe L
¥N VN €169 ger'l VN 896'2 L1E'Y 9£5'6Y 956 02/s19npoid pasputy pue pood

1§]]
(mg uoyyn) | (suoy woys poot) (suoy (siqq gooy) | ‘nauoia) | (siaqooot) | (siaq ooot) | (umy uonnw) [ (mg uoliiin) 8po2 Jis/Ansnpul
#3W0 ezaalg uoys 0oot) Bd1 S€D ol 19nd nomnd | JAusmosz jeloL
pue 8409 1200 [eameN elelinsia | lenpisey 1N

sasodind |1y 10} ABiaugz jo uonduwnsuo) Aleuilld [ejol LY dlqel

{5

-




1664 SOIN ‘82IN0G
"818UMOS|O UMOYS JOU PUEB U pausjsuel) 10 paseydind sem jeu) AB1sus J8Yjo {je Sepnjoul JeU0,

"s190npoud pue s1axyosq se yons (shis)iddns Jeylo Aue pue ‘saujjedid uojssjusues ‘sejiiin wWoly paujejqo seb jeinjeu sepnjoul SBD [BINEN, 5

"S18n} [8S6IP { PUB ‘Z ') "SON PUE S|10 |8} ¥ PUB ‘g '} "SON SepNjoul [0 1end ele|liisiay 4

‘U peasejsuel) Jo paseyaind e1em ey) Alouiose jo seniuenb Jo sisisuod A11011001, .

ot £55'6 §L0°1 L 18¢ 106 986' 08Y'6€ 2v8 Zleg/|eelg ‘'seoruIn iselg
se 2ee 9el'8 24 115 919 8el 06%'6 zie 1¥genuswag oynespAy
€ 0 vel §€2'0 29 928 S16'9c gog'le 590'} 1 162/6ujuyey wnajoned
12z zel eSLLL 6111 9194 666°} e’ 650'6€E1L v29'2 82/s10npoid pallly pue sjedjusyy
208 VN £90'el N 268 995'L £88'v2 250's9 obs'L 9g/sionpoud peilly pue seded
2t 0 29e'1 629 501 ¥90't 996’1 22562 2l2 gg/sronpold I elixe L
VN vN £16'0 g2v'l 16% 996'2 Lig'y 815'08 226 0g/s1onpold peipuly pue pood
(mg uoyth) | (suoy 1oys gool) (suoy (staqg opol) | ‘no M.w____e {staq 000t} | (staa ooot) | (umy uomw) ( (mg uoiin) epo) ois/Ansnpuy
ABUI0 azaaig Hoys gool) d1 SED Q10 19nd 1o 1and WHEDRECTE] lelol
pue 8309 leod jesmeN aenpsia lenpisay 1oN
uojierauay) A)1011)03|3 pue ‘1amod ‘jeaH Joj ABIsug paonpold-alsio Jo uopdwinsuo) jejol "gv ajgel
1661 SO3N :e2N0g
*sjeny sjqusnquioo Aq uoneisusb jeuonusauoo pue ‘seoinos ABisus ejqemsuss Aq uopessush 'uonessusBos sepn|ou; uojieIBUBD) BYSUD. 4
‘Auedwod swes ay) Jo uswiysiiqelse Jeyjo 1o Juabe Buiseyoind jenuad e Aq paseyoind seyiuenb ey) ele | sigjsuet] ,
Liv'vy 162'L 5€2'9 VN VN zlegilesls 'seoeuing iselg
888'6 VN VYN 0 06Y'6 I ¥genuswa) olnelpAy
shi'ay oLb'e £66'21 VN ¥N 1L62/6uluyey wnejonad
02s'0L1 296'6 :TA R4 102'L 8s8'1E1 82/s1onpold pellly pue s|esiwsyy
18601 210'6 1£8'€S 80E'L vbL'e9 92/s1onpo1d palliy pue 1aded
998'62 VN YN YN VYN 22/s10npoid It elixe
€£2'sS 886 £bL'S VN VN 02/S19NP01d PaIpuiy pue poo
>«_.o_:om_m QNS0 sivjsuel) acozm‘_ocmw Ll slajsues) saseyasnd apod O_m\?_«m:v:_
Jo} puewaq 19N lo/pue sajes 8)|suQ jejol

(sanoynemoiiy uoliy ut sajewnsy) puewaq A1o1193]3 |ejo] Jo sjusuodwo) gy dlqel




1661 SO3NW :02IN0g
-Ajou10a19 Jo eoe|d Uj PaWNSUOD UBS] BABY PINOD Jey) paliuap) Apeasie Jou AGsous Jo sadA} Jeyio (|8 S8pn|jou] JeUI0. ,

‘uondwnsuod 10} e)is 8y je sjqejieae pue ojis juswiysyqelse Buunjoejnuew sy} jjo patesauab Ajouoe)a jo seniuenb esoy) sjuesaidal sid|BoaY [€10 L 4

*ABisus jo adA} eayeua)ie uaalb ay) Aq peoejds|p usseq eary pINoo jeys Alopioae jo Aluenb ey) Jusseldes 10j818Y) pUB ‘SINOYNEMO]IH
Jo suoyyw Uy passaidxe ele sapuenb eyy *1661 Buunp sidieoss Ayouoe)e oy peinpisqns usaq eAey pjnod jey) seamnos ABieue esoyj Jo Isisuod ,ABieug Jo sadA ) eAlewsly,

VN VN VN WN ov9't VN 80L°1 Sps'oe g1L't osv'se 2lEE/iealg 'saoeuIng Iseld
0 VN VN YN VN ot ¥N 882'6 601 06t'6 1b2eAuswe) olnespiy
€€2 985S 0 VN V.S 9.¢g gcl't $99'62 09€'L 295'le 1162/6uIuyey wnejoned
652 S2e 0 (44 9G1 ces riv'L 891'0E1L 1282 650'661 82/519np0o1d Palily pue seaiwsyo
0ezg JA4 82l 658 69 91§ 90v't 518'65 1sl'e 250'59 92/s1onpold palily pue 1sded
0 0 0 VN 0 VN 0 2ee'se 99¢ 225'62 ce/sionpold (It elixe L
¥N €81 St bve €61 8¢ Sge bLL'SY sog't 81505 02/s1onpold paipuly pue poo]
o900 |9zeaig pue od1 ieod 1o 1I8nd 1o l1end seyH e|qeyoums | sejqeynms |  sidipsay epo9 ois/Ansnpu)
8)09 |e0d fenpisay aejinsia leimenN 10N jelol
AB1aug jo sadh g eapeusaly

(sinoypremolry uolpl L1 ssjewnlsy) sasunog ABlaug aajeusa)y o) Altol9813 woly ysums o} Ayjiqede) “py siqel.




1661 SOIAW :82IN0S5 :

*S||o 8Ny Jeyio 10 [Bsalp Se Yons seaInos Ableus ejalisnquos Aq pejen) Jojessush  woll peulelqo Alfol08d 18Y) St J8UI0. 4
L9t 0 095"y SE2'9 2lee/1981g ‘sedruIN Iseig .
0 0 VN VN Lbzenusws? olnespAx
YN 0 YN £66'2t L L62/Bujuljey wnejoned . .
6.0t YN 8ve'se 82’y 82/S1onpold pallly pue sjedjwsyd
825'S 958'2 Lyv'sp 1€8'cS 9z/s1onpoid pajllv pue Jaded w
¥N ¥N VN VN ce/s1onpold (i elnxa L
) LSl 9 6.5'S evL's 02/s1onpold peipupy pue pood g
42410 sajqemauay uopesausbog jelol apo) Jls/Ansnpy) _

(sanoynemojy uoli Ul sajewis) uoyesausn) A}1op199]3 a)isupQ jo sjuauodwo) gy sjqel

e

1661 SOIW :eonog
"8lIS JuswysligeISe 8y} Je pajeoo) Jou siojessusboo pue ‘s1eanpoid semod |jews ‘sieonpoid Jamod Juspuadspul sepn|ou] LI8seYoING AMINUON. o !

‘BOIR BS[YoURI}
si uyim olqnd eyl o} 8aja1es epirosd o) peiebiqo Ajjebs) st pue ‘seb jeinjeu Jo/pue Ay)ouos)e sieallep Jojpue seonpoid jey) Auedwod e st AN, .

108 06t 162'} 2168//9918 ‘saoewInd Ise|g ‘
VN VN VN Lbzenuswan olnelpAy m
18€°} 620t ol'e 1162/6ujuay wnejoied
869'2 692'2 196'6 82/510npoid palljy pue s[eaiwsyy
6SL $52'8 2lo's 92/51onpoid peljy pue Jaded
VN YN VYN . . 2e/s1npoid IIIN ejxe 1
8Y o6 886 02/s1onpold palpuly] pue pood ‘
J1aseyaing AyinnuoN Jaseyoind fninn Pios |ejol apo9 Jis/Ansnpu] m

(sanounemo(ry uolA Ul sajewNsT) staseyaind Annuop pue Alnn o3 pjos Aowoaig jo Ainueny gy siqel




2661 Aeniqad “ou) ‘Ajleg “1ejbeH/o0Y :80inog

085'26 28Y'92 809°v2 v61'6 669'8 981’8 808°L £09'Z vioL
266'S 229't 695'L €09 9.5 S5 ves €lg €e OIS sielop Arewnd
1£€'2 092 b9 vee €02 28l s9l €s} 2e oIS sse|9 g ‘Aelg ‘euols
60E'8 652'2 1812 168 108 €92 6eL 62L 62 OIS Bujuyey wnejoned

¥0'98 890°11 608'6 915'e 6ve'e 586' vLL'E €89' 82 OIS S[eauIsy0

89502 985's SYE'S 1502 626' €06't €s8't Lp8'L 92 OIS seded 8 dind
PEE'E 006 58 8ee vae 80€g 162 262 22 oIS selixe

290'9t £82'v S8y 529' £95' 00s't 9sb't v’ 0z IS pooy
etoy S§102-110Z | 010Z-9002 | S002-¥00Z | €002-2002 | 1002-000Z | 6661-866F | L661-9661 als Ansnpu

G102-9661 :(pajieisul mw) Ansnpui Aq suonippy uotjelrsusbod isesatod Ly Nqux3

PRI Fo T Sb e

TRy ok e

T

T




Contract #DE-FG36-94G010025 Deliverable No. 5

PART II: INTERNATIONAL OPPORTUNITIES

BIOMASS GASIFICATION OPPORTUNITIES IN THE
SUGAR PROCESSING INDUSTRY

India

India represents the largest sugar market in the world, with over 450 sugar mills currently
operating. The subcontinent benefits from the two or more monsoon seasons which yield longer
caning seasons and therefore a greater supply of bagasse for cogeneration projects. A majority (it
is difficult to accurately determine, but some experts suggest 80-90%) of sugar mills already have
some form of power self-generation already installed. Furthermore, there is evidence suggesting that
most sugar industrialists are beginning to install larger cogeneration facilities and indeed a few are
already selling electric power to the regional State Electricity Boards (SEBs). The power market in
India has undergone a dramatic deregulation since 1993 and a framework is developing for long-
term, commercial-contractual sales and agreements. As of this writing, major foreign investors are
near financial closing of up to US$ 4 billion worth of projects in the traditional fossil fuel energy

sector.

These trends bode well for the biomass energy sector. If one assumes that the average sugar
facility is 2,500 tons of cane crushed per day (tcd), which yields approximately 12 MW of power
under conservative assumptions, the market potential can be estimated at 450 x 12 = 5,400 MW or
$5.4 billion.

Initiators of this proposal have been in contact with sugar industrialists in India, and there
is reason to believe that over 100 MW of capacity will be installed in 1995 alone. Moreover, the
initiators of this discussion paper have received some initial interest from a North American
consortium which is developing two 50 MW projects in the Indian state of Uttar Pradesh. The same
have also held early discussions with an established U.S. power developer which is pursuing a
25 MW project in the southern state of Tamil Nadu (TN).

Brazil & the Phillippines

While no specific data on the biomass fuels markets is presented here, both countries have
large and well-developed sugar processing industries, as well as other agricultural industries with
potential biomass-fuel by-products. One obstacle to commercial development of Brazil, however,
remains in the form of artificially low tariff rates for utility-generated electricity sold to industrial
consumers. Further restructuring of the Brazilian energy sector will be necessary before small-scale
power generation is commercially viable as envisioned by the Fund.

In the Phillippines, however, sugar production, tobacco, and paper mills, among others,
present strong potential in an environment more conductive to private-power production for
industrial use. Several studies of renewable energy potential have been completed and non-
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government organizations activity in promotion of biomass fuels is high. There is a promising
potential for commercially-viable biomass cogeneration in the Phillippines.

Central America

Central America as a region represents another significant market potential. Costa Rica, in
particular, has over 20 sugar mills, two of which are already equipped with 30 MW cogeneration
capacity. Guatemala and El Salvador have a similar number of mills and in 1994 a bagasse-fired
cogeneration project in Guatemala received co-financing from the IFC. Therefore, overall market
potential in Central America is roughly estimated at 50 mills x 20 MW = 1,000 MW or US$ 1
billion. The existing bagasse projects and continued demand for electric power in the region suggest
that this market will continue to expand through the rest of the decade.

Mexico

Mexico has 64 sugar mills, and while the sugar industry has been depressed in Mexico since
its privatization in 1992-1993, there are indicators which point to a brighter future. Since
privatization, the industry has downsized its workforce and stabilized production. In the medium
term, the sugar market will face an overall increase in demand, including from the export sector
beginning in 1995. Therefore, the initiators of this proposal believe that the Mexican market may
reach approximately 50 mills, assuming some mills will be shutdown given a more competitive
environment. Again, this yields an overall investment potential estimated at US$ 1 billion.
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INTERNATIONAL BIOMASS ENERGY STATISTICS

Table 1: Biomass Fuel Consumption and Production

1985-1990
g e e i‘g?;‘gma’ssFuel"E{roquction
Region : NN P :a'{thbnsumpti’on
A - (Quadrillion:Btu).
North America 3.63
Europe 0.99 "
" Nordic Countries 0.24 ||
EEC 0.23
Central Europe 0.03 ‘l
" Southern Europe 0.33
ll Eastern Europe 0.16 "
Africa 2.1
" Asia 4.4 'I
Latin America 1.5
I Oceana 0.1 |

Source: D.A. Tillman, The Combustion of Solid Fuels and Wastes (New York, NY:
Academic Press, 1991), p. 66.

Table 2: Biomass Energy Resources and Market Potential in
Asia and the Pacific and Africa

.- Biomass
" “(Megawatts)
Country 3
| Market Potential " Resource
" Assessment
ASIA AND THE PACIFIC
China — a
India 3,800 17,000
Indonesia 1,800 10,000
Pakistan 300 -
Phillippines 9 b I
Russia - c
| Subtotal 5,909 27,000
|| AFrica '

a = 260 million tons oil equivalent.

b = 105 million terawatts-electric annual yield.

¢ = 60 million tons oil equivalent.

Note: Letters indicate availability of only partial totals or totals in different units. Dashes indicate data not available.

Saurce: U.S. Export Council for Renewable Energy, Global Impact Analysis Report, submitted to the U.S.

Department of Energy, Golden Field Office (August 1996).
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Table 3: Biomass Energy Resources and Market
Potential in Asia in the Americas

R - Y P

CENTRAL AMERICA
Costa Rica
El Salvador
|I Guatemala
0 Honduras

Nicaragua

Panama

" Subtotal
" NORTH AMERICA

Mexico

CARIBBEAN
" Barbados
" Dominica - -
" Dominican Republic - 15-45

Haiti - -

Jamaica - -

SOUTH AMERICA
Argentina - e "

l' Subtotal — 27-57 ll

" Bolivia b ——

3,200
Brazil 8,800 -

Chile — f 'I

Peru - --

3,200-
Subtotal 8,800 -—

a = 17 to 500 million kilowatthours per year from sugarcane.
b =400 to 500 million kilowatt hours per year from sugarcane.
¢ = 54 million kilowatthours per year from sawmill.

d = 30 million kilowatthours per year from sawmill.

8 = 50 megawatts at Copahue field, otherwise unknown.

f = Large but inaccessible.

Note: Letters indicate availability of only partial totals or totals in different units. Dashes indicate
data not available.

Source: U.S. Export Council for Renewable Energy, Global Impact Analysis Report, submitted to
the U.S. Department of Energy, Golden Field Office (August 1996).






