Response to Request for Information on the
Department of Energy’s Plan to Restructure FutureGen

Comments Submitted by: American Electric Power Service Corporation
Point of Contact: Gary O Spitznogle, Manager-New Generation Development
Telephone:614-716-3671
Address: 1 Riverside Plaza, Columbus, OH 43215
E-Mail: gospitznogle@aep.com

Background

American Electric Power has been involved in the FutureGen Alliance from its inception. AEP
has been a very active member of the Board of Directors and numerous of our engineering staff
have participated in the Technical Committee, developing the initial concepiual design and in
preparing RF! and RFP documents Equally relevant, AEP has been instrumental in early
commercialization of CCS technologies through partnerships with Aistom, B&W, and Battelle and
currently has a project underway to scate up the Chilled Ammonia process to 20 MW with
integrated COz compression and permanent saline aquifer storage. Pending success at the 20
MW scale, we plan to move forward with the first installation of the technology at commercial
scale. AEP continues in its efforts with B&W to move development of Oxycoal to a commercially
viable option for COz capture American Electric Power has, over the past several years, built a
significant engineering staff focused on the engineering and construction of multiple IGCC plants
within our service territory. AEP engineering staff includes chemical engineers who have
previously designed and operated gasification plants in the petro-chemical industry. it is because
of this and other expertise that we believe AEP's comments to DOE's RFI are well-conceived and
relevant

Introduction

American Electric Power applauds the Department of Energy for its stated goals to accelerate the
advancement of clean coal technoiogies as a vital component of reliable, afferdable, and a more
secure energy future One key focus of this effort is clearly the commercialization of COz capture
and storage The objectives of FutureGen for demonstrating new and more advanced
technologies make it unigue among clean coal projects Therefore, AEP finds the recent DOE
decision to withdraw support of FutureGen regrettable in a time of unprecedented attention on
climate change, it is critical to maintain focus on the need to develop technologies and
commercially demonstrate more cost-effective solutions for CCS

Regardless of any change in direction by the DOE, the spirit of the various clean coal programs
should remain unchanged from the goals established for FutureGen These goals lead io the
development of new technology, resulting in commercial-scale demonstrations. One lesson to be
learned from recent events is that DOE must establish clear guidelines and goals for the
development of advanced technology, and must be firmly committed to any revised program
without hesitation or equivocation, be it now or in the future

AEP supports a near-term COz reduction program that contemplates, in part, supporting the
same goal as the Secretary now espouses, which is to encourage early CCS projects that are
applied to commercial-scale power generation facilities This program must be committed to
deploying CCS technology for both gasification and combustion-based power plants. It is critical
to include combustion-based systems, since today they represent virtually the entire coai-based
fleet and will be a majority for at least the next 20 to 30 years AEP offers a response to the RFI
in an effort to help make DOE's new plan coherent, relevant, and viable It must be abundantly
and unambiguously clear to the public that the restructured program is robust, and that it includes
guaranteed long-term support and backing by DOE and the U S Federal Government in support
of deployment of CCS as part of the long-term solution to reduce GHG emission.
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Overview

AEP’'s comments will focus on the following points:
1. CCS today is expensive, both in terms of capital and operating costs Leveraging
opportunities to reduce cost through EOR or regional partnership efforts should be
allowed and encouraged

2. The 90% COz capture goal of FutureGen is aggressive and will likely be achieved over
time as technologies develop and are demonstrated However, integrated operation of
IGCC with CCS and a high-hydrogen turbine represent considerable risk for commercial
power plant applications in the near term DOE shouild support alternative strategies for
achieving the RFI] goal of 45% COz capture, which is currently stated as 90% capture
from 50% (one train) of the generating unit

3. Post-combustion projects should be included in this restructuring of FutureGen. The
need is great and other existing programs do not offer enough funding to support the
multiple projects necessary to bring these various technologies to the marketplace

4. Integration of CCS into IGCC or PC plants is very costly DOE must provide assurance
of cost share for these maodifications

5 DOE project contributions must consider operating cost impact in addition to capital
costs

6. Project funding must be assured up front. Annual appropriations as they currently have
been handled for FutureGen offer too much uncertainty for commercial entities

7 DOE must allow for adjustments in project cost due to scope uncertainty and normal
escalation

8. If the NEPA process will be required, it is necessary for DOE to commit to the timeline
required to compete the process

9 To maximize possible participants, provisions must be in place for the protection of
intelfectual property associated with the project

10. CCS implementation represents significant capital and operating cost to the operator As

such, the DOE must not have a funding repayment requirement
11 DOE should not require approval rights for subcontracts

12 The industrial participant must have full and unencumbered title to the facility

13. AEP has identified a number of existing facilities as well as potential future sites where
CCS projects would be feasible
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Technical Comments to the DOE RFI

1. Flexibility with CO: Storage Requirements
CCS today is expensive, both in terms of capital and operating cost Technologies with
better economics must be developed and demonstrated at a commercial scale before
wide deployment may be accomplished Therefore, commercial demonstrations must be
strategically planned such that the projects leverage the needs for various generation
technology applications with geologic-storage opportunities. Where possible,
opportunities to obtain cost offsets through the re-use of CO2must be considered
Merging COz capture installations with regional partnership storage projects will provide
additional benefits

The RF! requires that at least one million metric tons per year of CO:z be stored in saline
aquifer formations and the rest may be used for other purposes but ultimately
permanently stored While most applications likely will offer no options besides saline
aquifer storage, there may be some cases where EOR or other applications may be
viable and econcmically justified. Where offset revenue can be found, the high cost of a
project could in part be mitigated. It would be fiscally irresponsible to disallow the use of
such mechanisms

AEP recommends permitting the use of EOR wherever available MMV techniques may
still be developed and proven through EOR aperations and the cost of CCS would be
minimized in the precess. AEP is still supportive of multiple deep saline aquifer projects,
therefore, cooperating with regional partnership efforts must also be investigated

2. Regarding 90% CO:z Capture and Other FutureGen Emissions Goals
The capture and emission goals of FutureGen are likely to be achieved over time as
technologies develop and are demonstrated However, integrated operation of IGCC
with CCS and a hydrogen turbine represent considerable risk for commercial power plant
applications in the near term The proposed target of 90% COz capture on a single
gasification and power generation train necessitates the deployment of technology
beyond what is currently commercially avaitable, particularly with respect to the
combustion turbine. Reconfiguration of the present RFI language can still accomplish the
goal of more than 1 million metric tons per year CO2 storage while still enabling a power
plant to operate under real-world conditions with the reliability necessary for commercial
operation. A long-term strategic implementation plan can be developed to take the
capture process, in a logical and stepwise manner, from levels achievable with current
technologies to an eventual goal of very high levels of COz capture. In much the same
way as COztargets, some of the other emission requirements must be relaxed somewhat

to enable commercial deployment

Requiring 90% COzcapture on a 300-MW IGCC power train, using currently-available

~ technologies, places undue risk on commercial entities. If implemented as a retrofit on a
commercial IGCC plant, the following is a sample list of blocks in the effected train that
would be impacted:

1 COS hydrolysis would be deleted
2 A two-stage shift reactor would be added.
3. The AGR would be split into two frains The AGR for COzcapture would need
the following changes above the equipment for the non-COz AGR.
a Addition of at least one COz2 absorber
b Addition of several flash drums
¢ Addition of at least two compressors, one to recover co-absorbed
hydrogen in the COz section, the other to recover co-absorbed Hz from
the sulfur section
d. Additional equipment to replace the rich flash drum
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e Additional refrigeration capacity
f Several additional pumps, including semi-lean solvent and loaded
solvent.
4 Additional MAC capacity for the ASU due to loss of extraction air from the CT
operating on Hz This may be best handled with two separate ASU's.
5. CO2compression / pumps
It would be possible to operate the portion of the AGR for non-COz capture in parallel
with the portion for COz capture using a common regenerator, which is the current
configuration However, operating these units with a common regenerator would likely
introduce turndown, reliability and availability issues

If we implement the capture of COz by recovering about 45-50% of the COz from the syn
gas from hoth gasifiers, which would still meet the DOE's CO2 storage goal, the changes
would be similar to those above, with the following exceptions
1 A one-stage shift would be needed
2. Assuming that we would keep the present AGR configuration of two parallel
absorbers and a common regenerator, the AGR would be two parallel trains with
essentially all of the above-listed equipment needed for each train; however, the
equipment would be smaller

In summary, the concept of shifting one train for 90% COzremoval while operating the
second without a shift is just not practical Beyond the details presented above, AEP
would be faced with the requirement of implementing a hydrogen turbine under current
RFI requirements. Presently, no turbine in the F- or G-class has been commaercialty
demonstrated to enable utilization of a high-hydrogen fuel, regardless of some OEM'’s
claims If the hydrogen stream were to be biended with the un-shifted syngas stream
prior to combustion, the turbine could likely tolerate the fuel and the risk would be
reduced Further, the use of non-parallel trains adds significant uncertainty of long-term
reliability and leaves the unit significantly less flexible from an operations standpoint
Loss of the non-shifted gasifier or AGR train would leave the turbine with a high-hydrogen
fuel This would necessitate bringing the entire unit out of service to protect the
combustion turbine The risks and loss of flexibility for the commercial operator are much
too great to accept or tolerate The risks for DOE of this requirement are that there will
be no commercial participants for the restructured FutureGen

AEP recommends an approach that will achieve the same ultimate COzreduction goal,
but through a strategy that minimizes the operational risks and is tolerable to the utility
interests A reduction of 90% of the COzfrom 50% of the unit is the current requirement
This number equates to a reduction of 45% COz from the entire complex AEP's
suggestion is to require 45% COz capture from the total syn gas stream and at least one
million metric tons COz storage per year This approach accomplishes the same amount
of COz2being stored, same quantity captured from the unit, and does so without
unneceassarily jeopardizing the operational integrity of the facility Higher levels of
capture can be approached over time in a stepwise fashion as the technology becomes
available for the process and, most importantly, for the turbine

AEP also recommends the DOE not focus on 90% capture as the endpoint target. It is
understood that the cost to capture COz is directly proportionally to the amount captured,
up to some as yet unclear point, beyond which costs will increase dramatically . it is likely
with today’s technologies that such an inflection point occurs somewhere short of 90%
While FutureGen was able to ignore such economics because of the R&D nature of the
facility, any commercial operation will be very sensitive to these dynamics and could be
unnecessarily compromised if the 90% target becomes the accepted standard, prior to its
viable demonstration
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3. Including Post-Combustion Applications
CCS project demonstrations should not be limited to IGCC applications Pulverized coal
plants represent virtually the entire fleet of coal-fired generation facilities today and will
likely remain in the majority for the next 20 to 30 years. Current retrofit COz capture
technologies impose extraordinarily high parasitic demands on generating units, robbing
as much as one third of the unit's output capacity. New and developing concepts offer
the promise of efficiency improvements that greatly reduce their impact on power plant
output. These advanced technologies must be commercialized before COz2c¢an be
controlled on the bulk of the coal fleet in any near-term scenarios

Given the present technology picture, IGCC with CCS may likely offer the low-cost path
towards coal-fired electricity generation. However, there are sufficient unknowns and

risks that we should not abandon alternative options Post-combustion and oxycombustion
concepts are very active areas of focus and require significant funding and

demonstration before they become sufficiently mature for retrofit or new generation
implementation

AEP believes that there is not yet a clear winner for best path towards low CO2 emission
from coal Pre-combustion and post-combustion applications will both exist into the
foreseeable future. However, the majority of the need will be post-combustion-based,
because they comprise the bulk of today's coal-based generation fleet The DOE should
consider all CCS options when selecting the best projects to pursue. CO:z capture
requirements should provide the applicant with maximum flexibility, as described
previously under point 2 for IGCC applications The parameters for post-combustion
CCS projects should include 45-50% total CO:z capture from a generating unit with a
minirmum of one million tons per year COzinto direct storage or re-use storage

4. Inclusion of Associated Plant Modifications for CCS
Integration of CCS into IGCC or PC plants is costly As described in point 2 above, there
are significant changes to the IGCC plant that will be required to accommodate CCS
Many of these will not be identified until a detailed engineering study is completed it is
clear that adding CCS to an IGCC, while doable, is non-trivial and is mere involved than
simply bolting on a few additional pieces of equipment to an existing system. Similarly,
post-combustion and oxy-combustion retrofits impact plant systems and equipment
outside of the CCS portion of the plant

AEP is recommending that DOE provide assurance of cost share for necessary balance
of plant modifications at the same rate as for the CCS systems

5. Covering Increased Operating Cost
The operation of CCS at a commercial power plant increases the production cost and
reduces the net output of the facility Large amounts of COz capture requires significant
quantities of steam to be extracted from the power cycle for solvent regeneration,
whether on IGCC or in a post-combustion application Particularly with the proposed
90% capture level, the steam demand appreciably increases the cost of electricity
associated with the controlled generating unit. As a result, the unit will be penalized with
respect to economic dispatch.

AEP recommends that any DOE project contributions must include incremental operating
costs associated with system operation These costs should be contributed at the same
cost share ratio as the capital costs An alternative option is that incremental O&M costs
be counted as cost share by the award recipient
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6. Funding Assurance
Project funding must be assured up front. Annual appropriations, as they currently have
been handled for FutureGen, offer too much uncertainty for commercial entities.
Regardless of the reasons behind the restructuring of FutureGen, the public perception
and that of industry is that DOE reserves the right to change its mind and is not required
to honor cooperative agreements

The DOE proposes $1.3 bitlion in funds for the restructured FutureGen projects
However, only $156 million has been appropriated and is currently all that is available.
Furthermore, to date, Congress has not appropriated the full amount requested each
year by the Administration for FutureGen A process involving annual approval and
appropriations will not offer enough assurance to attract commercial operators

AEP recommends that DOE must obtain sufficient, authorized, and appropriated funding
to assure meaningful contributions, as is currently done with CCPI. This funding
guarantee must be in place before issuing the competitive Funding Opportunity
Announcement Without this assurance, it may be difficult for DOE to attract serious
bidders

7. Cost Escalation
There is considerable uncertainty associated with the cost of a new CCS system
Further, with escalation of costs of construction materials, basic commedities, and labor,
it is inappropriate for the industrial participant to take on all the risk of cost growth and
escalation

ALD remmm
AEP recommends DOE must

uncertainty and escalation

8. Concerning NEPA Process
The NEPA process can be very time consuming and can lead to significant project

delays

AEP believes that if the NEPA process is required, it will be necessary for DOE to commit
to a clear and unambiguous timeline required to compete the process

9. Concerning Intellectual Property (IF)

Since this is a commercial plant, it is important that the participant not be required to
share any of the 1P with third parties Without well-defined intellectual property
protection, the technology options for this program would likely be considerably limited.

AEP recommends that DOE assure the offerer that it will not be required to share any IP
with the DOE or other third parties.

10. Plant Revenues and DOE Contribution Repayment
Operation of CCS systems represents a financial liability to the plant The operator will
experience a net cost, not revenue, as a result of the installation and operation of the
CQz capture and compression systems

AEP recommends that power plant revenues must not be shared with the DOE and there
must not be a requirement for repayment of DOE contributions.
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11. Subcontractor Approval by DOE
Since this is a major commercial plant, it is necessary that the DOE does not have any
approval rights for any of the subcontracts. Otherwise, there is significant risk for project
delays due to administrative issues with the DOE

AEP recommends that there be no requirements by DOE for subcontractor approval

12. Concerning Title to Facility
AEP recommends the industrial participant must have full and unencumbered title to the
facility

13. AEP Host Sites Offered for Restructured FutureGen Program :
AEP has identified a number of existing generation sites as well as potential future sites
where CCS projects would be feasible, including the potential to store large quantities of
COzin deep geologic formations One example of a potential project site is at the
Mountaineer Plant, where a previous DOE-funded 9,200-ft characterization well was
drilled The site has adequate infrasfructure and has been identified for the construction
of a new IGCC power plant AEP is currently installing a 20-MW CCS demonstration at
Mountaineer for startup in 2009. At some sites there may be opportunity for EOR
activities, such as AEP’s announced installation of Alstom’s Chilled Ammonia process at
commercial scale at the Northeastern Plant in Oklahoma. Due to the lack of sufficient
time to fully investigate, this response will not state additional details associated with the
potential project sites

Summary

AEP's decision regarding submittal of a proposal in response to the upcoming Funding
Opportunity Announcement (FOA) will be largely dependent upon the terms of the final DOE
announcement. The concerns laid out in this response are very important to AEP, particularly the
perfarmance requirements and the considerations with respect to the approach for capturing the
required amount of CQ2. A mandated 90% COz capture presents a risk to plant operations that is
likely too onerous for AEP or any other commercial entity to absorb That requirement alone
could result in unwillingness from any applicant to pursue this opportunity.
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February 10, 2008
Mr. Miles,

| would like to suggest subsystems for the total IGCC system be considered in
the FutureGen program. Make a mechanism such that a subsystem can be
tested independently and then integrated with the complete system when
warranted. Implementing a mechanism to kick start new technologies to catch
up enough with existing technologies so reasonable performance comparisons
can be made would be useful. Maybe the DOE could connect individuals with
larger companies that receive funding to integrate a sub-grant. Some companies
have so much time and money invested in their own technologies it is not
economical and disruptive to consider something unproven.

Please note the described solid fuel reactor fuel/oxidant feeder system and
reactor modifications have not been patented. The basic reactor, condensing
heat exchanger and steam generator patents are issued, 3 patents.

I have forwarded the inquiry to the DOE for an unsolicited grant to provide you a
brief overview of the continuous solid fuel piug flow reactor. The plug flow allows
possible applications not possible with the two existing solid fuel reactor modes.
Close coupling the reactor to a gas turbine for an IGCC system that eliminates
the gasification processes and compressor section of the turbine is one
potential. The fuel plug flow will seal the back pressure of the reactor to allow
continuous feed and coupling to a turbine. Making the outer gas tube the
cathode that oxygen passes through for a solid oxide fuel cell should be
considered. The inner solid fuel nozzle/tube will gasify the coal, the gases flows
to the gas tube, the oxygen would pass through the gas tube outer shell
(cathode) to combine with the produced gases.

The ideal over all system would be as follows; the solid fuel is fed into the solid
fuel nozzle continuously; the hot oxidant (oxygen, steam, hydrogen peroxide,
chemicals) is feed in the fuel plug core to gasify the solid fuel; the fuel/oxidant
feeders can be controlled by a gas sensor/control system, fuel threw put can be
increased/decreased as desired; produced gas stream and fuel ash stream

are separated, the produced gases pass radially through the fuel plug and enters
into the gas tube; oxygen passes through the gas outer tube wall cathode (a fuel
cell) for chemical reaction and to produce electricity; The resultant hot gas
stream leaves the gas tube, passing over the dry steam generators and powers a
gas turbine directly (the nozzle is the turbine combustion can) to produce
electricity; the gas turbine exhaust passes through a condensing mode heat
exchanger creating wet steam, the wet steam moves through one or more dry
steam generators located between the reactor and turbine section to produce the
high temperature dry steam for the steam turbine; a steam turbine recuperator
preheats water fed to the gas turbine exhaust heat exchanger; steam is made
from part of the flue gas condensate produced by the condensing mode heat



exchanger and injected into the solid fuel core for gas generation; the remaining
combustion gases and flue gas condensate are cleaned and CO2 captured. The
solid fuel ash stream is kept separated from the gas stream and disposed. | can
not provide a decent cost for this system or subsystems at this time but it would
compete with existing IGCC systems.

| fully understand this sounds grandioses, especially for a new reactor not even
demonstrated yet. There are risks or unknowns such as how clean can the
produced gas be made, mercury removal? Will the fuel nozzle plug? Can SOx
formation be avoided? Can a turbine be made with ceramic blades to withstand
harsh acidic gas and small amount of ash conditions? | do not know what the
questions are for making the gas outer tube wall a cathode for a fuel cell. Will
the gas nozzle create too much pressure to allow oxygen to pass through the
cathode? Maybe the reactor is only good for gasifying solid fuels and
integrated with a typical IGCC system

All new technologies that have possibilities to contribute to the end goal of the
FutureGen program should be allowed to be demonstrated. | believe that is the
reason for restructuring the FutureGen program, to allow the widest range of
possibilities.

Thank you for your time.

Robert Boucher
406-244-2515
boucherbj@blackfoot.net
PO Box 985

Bonner, MT 59823

Location of project - | am alone at this time. | am currently researching existing
successful companies to partner with.



» Name, Point of Contact, Telephone Number, Mailing Address, E-Mail Address.
Bureau of Economic Geology, Dr Ian Duncan.
512-471-5117, ian.duncan@beg.utexas.edu

* Location of project Texas

+ Narrative description of project that includes the status of project development
and the technical and financial qualifications of the project team to conduct the
project. NA

* Discussion of the company’s ability to meet or exceed the time fiame set forth in
the above schedule NA

» Estimated amount of DOE contribution (in percentage and/or dollars) that would
be required for the company to pursue the project with IGCC-CCS technology.
NA

* Any technological, financial, or [egal issues or bartiers that DOE should be
made aware of that limit the effectiveness or feasibility of DOE’s restructured
approach to FutureGen,

Demonstrate in the United States commercial integr ated operation of a
gasification-based, coal conversion system with C Ozcaptwe and storage,

Comment: Why not a coal and pet-coke blend? Why not a post combustion capture
project as well as gasification based?

. Demonstrate approximately 90 percent C O2 capture and storage on one

nominal 300 MW train with annual requirements of one million metric tons in
a saline aquifer, and

> 99 percent sulfur removal

< 0.05 Ib/million Btu NOx emissions

< 0 005 Ib/million Btu particulate matter emissions

> 90 percent mercury removal,

Comment: These specifications are over prescriptive for a commercial project.
What if the commercial project planned to capture 50% of the CO2? Why a 300
MW train?



s Help establish standardized technologies and protocols for deployment of
1GCC -CCS, including CO2 monitoring, mitigation and verification;

Comment: Why select winning technology as IGCC, other technologies such as
supercritical coal with post-combustion capture may be more likely to be
commercial?

¢ Demonstrate the practical reality of IGCC with CCS coal-based electric
power plants operated with different coal types and at different U S.
locations; and
Comment; Again why select winning technology as IGCC, other technologies such
as supercritical coal with post-combustion capture may be more likely to be
commercial?

» Other information or concetns that would assist DOE in implementing the
revised FutureGen.

Several projects under consideration in Texas do not meet the DOE requirement for
Revised FutureGen but could achieve the objective of demonstrating commercially
viable carbon capture and storage.



Mr. Miles - My comments are specific to the objective stated in DOE's announcement that units
meet the following emission limits:

> 99 percent sulfur removal
< 0 05 Ib/million Btu NOx emissions
< 0.005 Ib/million Btu particulate matter emissions

> 90 percent mercury removal,

One of the purposes of the FutureGen project was to utilize new technologies, including those
that are not proven in operation, to meet the original FutureGen emission rates. The IGCC units
under development at this time cannot take the chance of having emission control systems, or
other parts of the IGCC plant, that are for "testing” or "R&D" purposes. They must work.
Therefare, the IGCC units going forward at this time plan to use what is referred to as Best
Available Control Technology (BACT)

Please see the attached table, which shows the emission limits listed either in final permits or in
permit applications for IGCC units in development at this time. All emission limits are on the basis
of heat input to the gasifier, so that they can be compared to the stated FutureGen emission
rates. While DOE's notice refers to "over 30 IGCC power plants™ in development, the fact remains
that the most likely projects to go forward at this time are those that

have completed sufficient engineering to meet the detailed requirements for an air permit
application This requires preliminary engineering, site layouts, major gasification and combined
cycle equipment selection, development of start-up and shut down procedures and detailed
emission invenfories The table shows the units in the U S. that are at this level Note that several
of these units have already been cancelled, leaving only a handful of IGCC units going forward,

but certainly not "over 30 1GCC power plants”

| have highlighted in RED the emission rates in the table that do not meet the FutureGen
objectives As the table shows, none of the proposed IGCC plants would be able to mest all of
the FutureGen emission rates and requirements, even when using BACT . Therefore, none of the
plants would meet the emission control objectives specified in DOE's announcement for

the "Revised FutureGen" This seems counter-productive to DOE's intent for this program

I would suggest that DOE revise the emission rate requirements for the purposes of the "Revised

FutureGen", so that the IGCC plantsin development would be eligible for this program [ would
be pleased to work with DOE in developing a revised set of emission rates

Thank you,

Steve Jenkins
Vice President, Gasification Services

CH2M Hill, inc
4350 West Cypress Street
Suite 600

Tampa, FL 336807-4155
Direct; 813-874-6522, ext 4141
Cell: 813-470-9369



IGCC Project Developer IGCC Project Sulfur Removal, NOx Emissions, Particulate Matter | Mercury Removal,
%% Ib/MMBtu Emissions, %
Ib/MM Btu
FutureGen Requirement - >99 <0.05 <(.005 >90
American Electric Power Great Bend >89 0.057 0.006 (Filterable) >90
American Electric Power Mountameer >99 0.057 0.006 (Filterable) >90
Duke Energy Indiana Edwardsport >99 0.035 0.0117 (Totah N/A
Energy Northwest Pacific Mountan >99 0.0116 0.009 (Total) =90
Energy Center
(I1GCC portion
cancelled)
Excelstor Energy Mesaba >99 0.055 0.009 (Total) >90
Southern Company and Orlando Orlando >99 0.08 Opacity limit only | Value not provided
Utilities Commuission Gasification
{cancelled)
Tampa Electric Company Polk #6 (cancelled) >99 0.032 0.019 (Total) =90
Tenaska/ERORA Christian County >99 0.0246 0.0065 (Filterable} 95
Generation (aka and 0.016 (Total)
Taylorville Energy
Center)
Tenaska/ERORA Cash Creek >99 0.024 0.0062 (Filterable) 95
Generation and 0.0157 (Total)
Tondu Corp. Nueces (cancelled) >99 0.018 (.0062 (Total} 90




Christian County Generation, LLC
1701 E. Lamar Blvd., Suite 100
Arlington, TX 76006
817-462-1521

Keith R Miles,

U S Department of Energy,

National Energy Technology Laboratory,

P.O. Box 10940, MS 921-143, Pittsburgh PA 15236-0940

March 3, 2008

Re: Comments on Revised FutureGen

Dear M1 Miles,

This letter constitutes the response of Christian County Generation, L.L. C to the Request for Information
on the Department of Energy’s Plan to Restructure FutureGen (the RFI}).

Responses to the information requests will be in the order that such information is listed in the RFI.

1. Name, Point of Contact, Telephone Number, Mailing Address, E-Mail Address:

Barton D. Ford

Vice President, Business Development
Tenaska, Inc.

1701 E. Lamar Blvd , Suite 100
Arlington, Texas 76006

(817) 462 1633

bfordi@tnsk.com

2. Location of Project:

Christian County, Illinois, slightly to the north and east of the City of Taylorville

3. Narrative description of project that includes the status of project development and the technical
and financial qualifications of the project team to conduct the project

A. Description of Project
The Taylorville Energy Center (the TEC o1 the Project) is comprised of a bituminous coal-fueled

Integrated Gasification Combined Cycle (IGCC) facility with a maximum continuous rating of 773 MW
gross/630 MW net This Project is located on a 328,36 acre site in Christian County, IL adjacent to mines
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being developed and permitted by CAM-Illinois (CAM, a wholly-owned subsidiary of Central
Appalachian Mining which is owned by Wextord Capital L.L.C ) and Peabody Energy (Peabody). The
TEC is scheduled to enter commetrcial operation in 2013

More specificaily, the TEC is comprised of:
— an Air Separation Unit (“ASU™),
—  two {2) GE radiant gasifiers,
— two (2) gas cooling and Selexol® acid gas removal trains,
— catbon beds for mercury removal, and
— a GE 7FB combined-cycle power block.

The power block includes two (2) GE 7FB (MS7001FB) combustion turbines, two (2) Heat Recovery
Steam Generators (HRSG), two (2) Selective Catalytic Reduction (“SCR”) installations and a GE D-11
steam turbine

Significant ancillary IGCC systems include material handling/storage systems (coal, sulfur, slag, and
consumables), a cooling tower, electric switchyard, natural gas metering/regulation station, water receipt
and treatment facilities, a thermal oxidizer, a flare, an auxiliary boiler, fire protection equipment and
control room/warehouse facilities.

B. Financing and Ownership Structure

The TEC is owned by Christian County Generation, L.L. C (CCG) The membership interests of CCG
are currently owned 50% by MDL Holding Company, L.L C., a Louisville, KY-based, ptivately-owned
company focused on greenfield generation development and 50% by Tenaska Taylorville, LLC (together
with its affiliates, “Tenaska™) an Omaha, NE-based international power development company and
encrgy marketer with expertise in power plant development, ownership and operation; natural gas and
electric power marketing; and fuel procurement {See, Figure 1, below ). Tenaska holds an option to
acquire fiom MDL at financial closing the remaining 50% membership interests currently held by MDL

Financing and Ownership Structure

Tenaska — 50% 50% MDL
4
Ownership Christian County
Generation LLC
Financing
Tax Exempt Bonds & Commercial Banks State Grants
Nlinois Finance Authority
Funding
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Figure I: Financing and Ownership Structure
The funds necessary to construct the TEC will come from four sources.

—  The equity participants, Tenaska, MDL, and potentially others, who will fund a significant
portion of the total required funds (up to 45%)
—  The State of IHinois, through the proceeds of moral obligation bonds issued under the “Illinois

Resource Development and Energy Security Act”
—  Financial institutions, either in the form of loans from commercial banks or fiom the proceeds of

a capital markets debt issuance.
—  Various state (and potentially federal) governmental grants in aid of construction and incentives

C. Describe the main parties to the project, including background, ownership and related
experience

Christian County Generation, L.L.C.
CCG is a sole purpose entity that was formed to own the TEC.

Tenaska

Tenaska is a group of privately held companies with over 20 years of power plant development and
energy marketing expetience. In 2006, Forbes magazine ranked the company 26th among the top 100
privately held companies in the United States

Tenaska has developed and constructed approximately 9,000 megawatts (MW) of generation representing
more than $7 7 billion in financing and capital investment

Unlike most other independent power developers, Tenaska has maintained a strict discipline of incurring
debt only through non-recourse debt at the project level. Accordingly, Tenaska is debt free This strong

financial position provides assutance to Tenaska’s counterparties thatthe organization will remain
financially stable and strong

Figure 2 is a map representing the breadth of Tenaska’s development efforts and ownership interests.
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Figure 2: Tenaska Developments and Offices

Tenaska employees have experience in all aspects of large-scale generating project development,
including combined and simple cycle natural gas facilities, pulverized coal, fluidized-bed, waste coal and
lignite facilities Tenaska employees have experience in gas and coal plant siting and permitting;
engineering design and optimization; financing; constiuction contracting and management; fuel
procurement and handling; commissioning; and operations and maintenance.

Tenaska Marketing Ventures, a Tenaska affiliate is among the top 10 daily marketers in the Noith
American natural gas matket, selling or managing more than 186 trillion cubic feet of natural gas in
2007. This volume is equivalent to approximately eight percent (8%) of total US. natural gas
consumption. Tenaska also has a power matketing affiliate, Tenaska Power Services, that develops
custom power supply solutions. It operates a 24-hour trading floor dealing primarily with sales of
physical electiic power, totaling mote than 15,615 gigawatt-hours of electricity sales in 2007,

Tenaska is headquartered in Omaha, Nebtaska Regional offices are in Arlington, Texas, Denver,
Colorado; and Calgary, Alberta, Canada

MDL Holding Company, L.LC.
MDL Holding Company, L.L.C. (MDL) is a Louisville, KY-based, privately-owned company focused on
greenfield generation development

MDL’s principals have been active in the electric generation sector since 1975 and have worked together
since 1990 The principals have significant expetience in both the electric generation and finance (project
and corporate) sectors. They have successfully developed or sold electric generation projects totaling
6,100 MW and representing in excess of $5.0 billion in investment including:

— 10 coal plants (6 totaling 900 MW in operation and 4 totaling 2,200 MW in development) located
in Alabama, Illinois, Kentucky, North Carolina, Tennessee and Virginia.
13 natural gas plants (4 totaling 1,200 MW in operation; 2 totaling 1,100 MW in development;
and 8 totaling 3,900 sold).
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- 4 wind plants (120 MW operating)

Tenaska and MDL, through CCG, have assembled a woild-class Project team comprised of the leading
IGCC technology provider (GE Energy), the most experienced gasification operator (Eastman Chemical)
and a leading engineering firm (Burns & McDonnell) to design and operate the TEC

CCG has executed agreements with Eastman Gasification Services Company (EGSC) that provide for
EGSC participation in design review and operations/maintenance activities

CCG has retained Burns & McDonnell to petform balance-of-plant engineeting and provide other
owner’s engineer services

State of Hlinois
The Illinois Department of Commerce and Economic Opportunity is a strong advocate of the TEC,
providing $2.50 million in grant funding to support the development and commercialization of the TEC.

The Illinois Clean Coal Review Board is also a strong advocate of the TEC granting $3.25 million in
funding to support the development and commercialization of the TEC.

D. Current Project Status and Schedule to Beginning of Construction

The Project is being developed and is scheduled to enter commercial opetation during the first half of
2013 Status of critical project development milestones is as follows:

Technology: Christian County Generation acquired a license for the G.E gasification
technology in 2005

Air Permit; The final PSD Air Permit was issued by the Illinois EPA in June of 2007 The
Environmental Appeals Board dismissed the only petition for review of the ait
permit during January 2008.

Land CCG holds options on the Project site, which will continue to be used for
agriculture until onsite constiuction work begins.

Interconnections: Interconnection requests wete filed with both MISO and PIM in 2006. Both
MISO and PIM completed feasibility studies in the first half of 2007, System
Impact Study Agreements with MISO and PIM were signed in March and April,
respectively, of 2007

Water Supply: The Project has a Memorandum of Understanding for the supply of grey watet
and the treatment of wastewater with the Sanitary District of Decatur (SDD)
which has a treatment facility located 28 miles to the north and east of the Project
site. In November of 2006, SDD secured Illinois legisiation to confirm its right
to serve customers outside of its territory

Coal: The Project will procure coal competitively, either from one of two

development phase mines located adjacent to the project site or from other coal
mines within economic transport distance
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Power Offtake: The Project’s supportets are working on legislation (the Clean Coal Portfolio
Requirement) that will require retail electric suppliers in lllinois to purchase
clean coal energy from the plant under long-term contracts. A version of this
legislation passed the Iilinois Senate unanimously last year but did not reach the
floor of the House for a vote. Tenaska is now working with the House leadership
and expects that such legislation will pass during the current session, which ends
in May.,

FEED Study: G E. and Burns & McDonnell have completed a pre-FEED study and certain
discrete parts of the FEED study, particularly with respect to fuel characteristics.
The balance of the FEED will be completed once the Clean Coal Portfolio
Requirement above is passed.

EPC Agreement: We have had detailed discussions with an EPC contractor regarding commercial
terms, but will not execute an EPC Agreement until the passage of the Clean
Coal Portfolio Requirement and the conclusion of the FEED study.

Financing: CCG has secured preliminary approval from the Tlinois Finance Authority for
$325 Million of tax exempt bond financing for solid waste disposal facilities
and $150 million of other state financing. The remainder of the financing will be
obtained in the commercial bank market, with the active financing phase
beginning once the Clean Coal Portfolio Requirement becomes law.

4. Discussion of CCG’s ability to meet or exceed the DOE’s schedule for Restructured FutureGen,

CCG is currently ahead of the DOE’s schedule, which would be a concern for our Project in participating
in the revised FutureGen funding as currently envisioned. We hope to begin our detailed FEED study
within a few months, after the Clean Coal Portfolio Requirement is enacted I we will not learn until
year-end whether the Taylorville Energy Center is selected for funding under the new FutureGen
program, we will not know whether the FEED should design for 90% capture on one gasification train in
accordance with the DOE’s requirement for this program. We would need to undertake additional review
to determine the feasibility of changing the FEED scope to incorporate 90% capture on a single train once
it has been under way for several months Assuming that CCG is selected, the National Environmental
Policy Act (NEPA) review process may also result in a delay in our schedule unless we are able to take
advantage to some extent of the environmental review for the Mattoon site and/or the Tuscola site, which
are 50 to 60 miles to the east of the Taylorville Project site  In addition, perhaps only an Environmental
Assessment and not an EIS would be required for DOE funding of CCS for the Taylorville Project, based
on the view that the base project is going forward without DOE funding and the incremental CCS project
would have no significant impact.

5. Estimated amount of DOE contribution (in percentage and/or dollars) that would be required
for CCG to pursue the project with IGCC-CCS technology.

Our current high level estimate of capital costs for 90% single train capture and deep well aquifer
injection at the site is $265 million to $425 million. This estimate includes interest during construction
and other “soft costs” There would also be significant additional operating or performance costs in the
form of lost output, reduced efficiency and increased operations and maintenance costs
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Under the Clean Coal Portfolio Requirement, the cost of capturing carbon will be absorbed by Iliinois
electric consumers, so ultimately it is a question for Illinois’ elected leaders to determine as a policy
matter how much of a 1ate increase Illinois electric consumers should absorb in order to provide for
carbon capture. We anticipate that prior to applying for funding under the Revised FutureGen program,
we would solicit input from Illinois’ leaders on the amount of the grant that would be necessary in order
for CCG to participate.

6. Any technological, financial, or legal issues or barriers that DOE should be made aware of that
limit the effectiveness or feasibility of DOE’s restructured approach to FutureGen,

In the absence of a specific statutory exception, DOE grants constitute taxable income to the recipient
This was not an issue when the recipient of DOE funding was to have been a not for profit corporation,
but it will be an issue in the funding of commercial projects. In order to preserve the full amount of any
potential funding to pay for the capital cost of capture and sequestration, it would be desirable for DOE to
pursue a legislative exemption with Congress

Another possibility for avoiding the imposition of taxes on the grant amount would be to create a project
structure in which an entity other than the commercial IGCC project would own the equipment paid for
with the grant and simply use this equipment to separate out the CO2 for capture as a public service
Further study would be necessary to evaluate this approach since the equipment would be an integral part
of the facility, but based on limited discussion with owur tax advisors we believe it should be achievable

7. Other information or concerns that would assist DOE in implementing the revised FutureGen.

1. The estimated capital cost of capturing and sequestering approximately 20% of total plant (not just one
gasification train) CO2 through second stage Selexol without a water shift ate $150 million to $250
million, with significantly lower operating costs than for 90% capture on a single train approach. Also, a
significant advantage of this capture option is that the capture equipment can be bypassed with no
significant loss of efficiency at the plant in the event that the sequestration equipment is not in operation.
That is not the case for capture at higher levels. The plant’s efficiency would be permanently degraded
with the design and installation of equipment for 90% capture on a single train, regardless of whether the
plant is actually capturing and sequestering 20% capture would provide a substantial stream of CO2
(0.88 million tons pet year at 85% plant availability) for injection testing DOE funding for the 20%
capture option would be highly attractive if the program could be flexible enough to accommodate this
option.

Also, we could begin our FEED study with this option incorporated and drop it if CCG is not selected at
the end of the year, with much less disruption to the FEED study process than if we were to add 90%
capture on one train after the FEED study had started. 'We ask that DOE consider funding 20% capture
for at least one project that is ready to move forward into its FEED study during 2008, and that the
selection of this project be accelerated rather than waiting until the end of this year.

2 We believe there may be opportunities in the future to sell CO2 to operators of a CO2 pipeline that
would be built to transport COZ from the Midwest south to the Gulf Coast states for use in enhanced oil
recovery. In order to maximize the potential for such sales, it would be optimal to limit the required
demonstration period during which at least one million tons must be sequestered to the shortest period of
time that is necessary to demonstrate geologic sequestration.
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Please feel fiee to contact me if you have questions or would like to discuss any of the information
provided.

Very truly yours,

CHRISTIAN COUNTY GENERATION, L.L.C.
By: Ienaska Taylorville, LLC, Managing Member
By Tenaska, Inc, Its Manager

JlTT L =

By: Barton D Foid
Vice President, Business Development
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Dear Mr. Miles:

[ am a 59 year old economic development consultant and government project manager. |
have been involved in the implementation of the "new energy economy" since 1979. In
1980-1983 I was a financial consultant associated with a major wall street underwriter
closing "deals" as large as $100 Million In 1984, I was licensed in Calif as a general
building contractor and I have been involved in large RE piojects (300 + acres) and
numerous EIS processes. In 1987-1989 I was the Project Manager for over 100 school
districts in L. A. & Orange Counties, Ca. for AHIERA (The EPA Asbestos-in-Schools
Program). | have also co-managed major retail construction projects (3-acte buildings)
for "big-box-1etailers

In November 2007, T proposed to Colorado Governor Bill Ritter, the construction of a
3,000 MW (Three-Thousand MW) "GREEN-COAL" power plant on the Western Slope
of Colorado. [Note: Five 600 MW-power trains in one facility]. On January 23, 2008 I
received a letter form Governor Ritter in which the Governor agreed with the concept of
constructing a 3-gigawatt IGCC-CCS power plant on the Western Slope. Be cognizant,
the Governor of Colorado is amiable to building a 3 gigawatt IGCC-CCS power plant in
Colorado.

After reading Secietary Bodman's surprise announcement of the restructured FutureGen
Project, (multiple-sites) I made a " Iime is of the Essence” proposal to foun Western
Slope-Colorado Local Governments. I proposed to the cities of Grand Junction, Fruita
and Palisade and the County of Mesa they organize into a Colorado state authorized
"Electric Power Authority” I proposed their non-profit corporation set-up for economic
development; Grand Junction Economic Partnership, Inc. submit a response to the
FutureGen March 3, 2008 RFI. I proposed that these four local Colorado goveinments
place their name into competition for a FutureGen "Host-Community" with funding for
CCS in 2010

Because of the March 3, 2008 time frame, I am not sure if [ was able to lobby political
support in time for the four local Colorado governments to act on the RFI.

All that said, the following recommendations are made most respectively to President
George W. Bush and Secretary Samuel W. Bodman and to you:

(1) To expedite the economics necessary for a cost-effective implementation of the
President's Clean Coal Power Program, I suggest Secretary Bodman ask the President to
introduce federal legislation whereby all "Clean-Coal Electricity" is classified as
"GREEN-POWER". Here is where 1 coined the phrase: "GREEN-COAL". "What is
good for the goose. ........" When all of the greenhouse gas emissions are sequestered it
is only equitable, "Clean-Coal" is able to compete in the market place on an equal footing
with the renewable energy as found in the Green Power legislation Therefore, this
legislation, once the law of the land, will gieatly expedite the new electiic energy sources
this country needs. 1o reiterate, I politely suggest to the President he personally
introduce legislation that will give "Clean-Coal Electricity” the exact same market




advantages as "Green Power" : AKA "GREEN-COAL"

(2) I also suggest to Secretary Bodman that the FutureGen Project requirements for CCS
be expanded to also include sequestering of CO2 in depleted natural gas wells. A major
reason | am attempting to build the 3-gigawatt "GREEN-COAL" power plant on the
Western Slope of Colorado is because the area is abundant in depleted natural gas wells
Therefore, in funding beginning 2010, please consider me out here on the Western Slope
of Colorado and allow for other sequestering methods instead of requiring saline
geological formations

(3) I also suggest to the President and Secretary that we remember a man named Henry J
Kaiser: Based upon the exorbitant costs estimates for the construction of the IGCC
power plants, and; to make "GREEN-COAL" affordable for the American consumer, the
price to construct an IGCC power plant must be significantly reduced. As you know, the
American steel industry has evolved and is now quite capable of constructing, on a
limited production run basis, most of the major components is an IGCC powet plant.
Especially when each steel plant would specialize in one~to-three components of an
IGCC facility. These individual components could be manufactured at these new small
steel manufacturing plants in America and transported and assembled at the "GREEN-
COAL" site.

With Henry J Kaiser and his "Liberty Ships" in mind; I suggest CCPI money be used to
commission the development of detailed engineering plans for a "state-of-the-art" "boiler
plate” 300 MW IGCC (air&oxygen) & a 600 MW IGCC (air&oxygen) powetr train(s).
These plans would be the industry standard. The use of the "Boiler Plate” detailed
engineering plans, could then be granted to new 'GREEN-COAL' power developers and
the "boiler plate” plans could be "cookie-cutter" throughout the United States.

Furthermore, the "boiler plate" plans could be made readily available by the DoE for a
minimal charge, to the small steel plant opetators. These steel mills could then set-up
their production runs for manufacturing individual components of the IGCC powet
plants.

These American steel mills could eventually sell their IGCC components to overseas
electric power developers and thus create American jobs that pay a livable-wage.

Thank you for your work, God Bless America.
Signed:

Carl L. Mc Williams, Project Manager
Colorado Secretary of State # 20081091925

65120 Old Chipeta Trail
Montrose, Colorado §1401



Monday, March 3, 2008

Comments submitted to the Department of Energy by the Coal Utilization
Research Council (CURC) in response to a Request for Information (RFI)
issued by the DOE

Comments submitted by:
Ben Yamagata
Executive Ditectot
Coal Utilization Research Council (CURC)
1050 Thomas Jefferson St N W
Washington, D C.
202-298-1850

bny@vnf.com
INTRODUCTION:

SRS |

These comments are submitted on behalf of the membeiship of the Coal Utilization
Research Council (CURC) in response to the Department of Energy’s request for
information telated to the Department’s intent to restructure the FutureGen project. A list
of CURC’s membetship is attached. These comments address the proposed structure and
content of the Department’s revised FutureGen program but should not be interpreted, by
this submission, as supporting the intention to terminate the government’s participation in
the FutureGen project

The CURC opposes the proposed action to terminate DOE support of the current
FutureGen project. A copy of our letter to various Membets of Congress in which we
urge reconsideration of the proposed action is attached for your information. In this same
communication CURC also noted its support of the Department’s initiative to undertake a
solicitation in which the DOE would provide funding for the incremental costs associated
with installing and operating carbon capture and storage systems (CCS) on commercial-
scale electric power genetation facilities.

SUMMARY OF CURC’S CONCERNS ABOUT THE PROPOSED CCS PROGRAM:

(1) The amount of funding, $1.3 billion (in as-spent dollars), over a 14 year
period (the scope and dutation of the proposed program) is not adequate to
support “multiple” CCS projects;4

(2) The program should not be limited to the installation and operation of CCS on
commercial-scale IGCC projects; rather, a separate but parallel program for
commercial-scale combustion-based projects, including both advanced
pulverized coal with carbon capture and oxycombustlon technologies, should

be established, as well;



(3) The requitement to capture 90% of COzand store at least one million tons per
year of COzinto deep saline structures is overly restrictive; industry needs to
obtain baseline data, demonstrated reliability and widespread confidence in

CCS systems and these goals can be achieved more cost-effectively by

requiring less aggressive percentages of capture;1 and

(4) The lack of a regulatory structure to address the {ransport and storage (during
the life of the project as well as longer term) of captured COz along with a
resolution to long term liability issues for selected power generation projects
must be addiessed, otherwise industry involvement is not likely to occur.

DISCUSSION OF SPECIFIC CONCERNS AND RECOMMENDATIONS:

1 FUNDING LEVEL AND DURATION OF PROPOSED PROGRAM
a. DESCRIPTION OF PROBLEM

On an annualized basis the level of funding proposed by the Department for this
initiative is both inadequate and uncertain. Assuming an incremental capture and
storage cost of $50/ton CO2

2, the $156 million in funding requested for FY 2009 is

sufficient to support no mote than one to three projects for one year.3 This assumes
that the 300 MW project which would likely emit at least two million tons of CO2
annually and be required to capture 90% of those emissions would choose to
permanently store only one half of the COz captured and “sell” the remainder to
another entity for a beneficial use (e.g enhanced oil tecovery) or “release” such COz.
If the project could sell the entire amount of captured CO2 would it not do so? In
which case, it would not be eligible for the program; alternatively if there were no
opportunity to sell the CO2 but the COz must be captured, then the per ton of COz
benefit is even less given the fact that the government might compensate the project
for only one half of the CO2 captured

" The 90% capture requirement of total CO2 emissions is more appropriately applied to the FutureGen project where technology
demonstratios: is a principal goal rather than the type of commercial-scale projects contemplated by this proposed program
Furthermore, even after detailed characterization of a sequestration site, there is no certainty that it will be suitable for long term
sequestration, Certainty only comes after injection of significant amounts of COzand thus confirmation of predictions about the
storage site Projects need design flexibility fo recover non-CCS operation if initial sequestration fails; thus, it is strongly encouraged
that the program specifically recognize the possibility that long term sequestration may not be possible and specific allowance should
be made for this coniingency by insuring that a selected project spensor will not be penalized and forfeit the DOE's financial support
if long term storage proves unsuccessful
2 DOE (see: Jared Ciferno. National energy Technology Laboratory “Existing Coal Power Plants and Climate Changge: CO2 Retrofit
Possibilities and Implications” January 24, 2008) and other studies have projected the incremental cost of CCS to be between $40
and $90 per ton
As an example a large-scale commercial power project with CCS will need to proceed through a sequence of stages Those and

estimated cosis (associated only with CCS) for a 300MW demonstration at ~2MM tons CO2/yr (90% capture) are:

Phase 1: Initial plant, pipeline feasibility study and preliminary sequestration site screening! $2-3MM

Phase 2 Plant Front End Engincering Design (FEED) pipeline design and sequesiration site detailed

characterization; $40-$50MM

Phase 3: Detailed enginecring and construction — plant pipeline, sequestration site facility and wells: $250-

$350MM

Phase 4: CCS Commissioning, operation, monitoring for three (3) years: $300MM

Total Cost/project: $600MM-$700MM
Thus the program funding of $1 3B is adequate to support only 2 projects



Even if subsequent year appropriations wete assured (a highly unlikely event given
that appropriation requests are determined annually by Congress and also given the
uncertainty beyond 2008 when a new President is in office and support of the
program may be terminated) the amount of funding to be acquired annually, in our
judgment, is totally inadequate The CURC has recommended a near term CO2
program, one element of which is to support the installation and operation of carbon
capture and storage on up to 9,000 megawatts of electric generation. The CURC
program would provide a 30% investment tax credit for CCS equipment and a limited
duration — up to ten years per project — production tax credit for COz actually stored
or otherwise used for beneficial purposes The total estimated cost of the CURC
program is $8 9 billion. This funding would support five to ten commecial scale
projects which we judge to be the minimum number required to provide industry a
degree of confidence that CCS is both feasible, reliable and can be made cost
acceptable

b. RECOMMENDATION TO MODIFY THE PROPOSED PROGRAM

Assurances that the contemplated multi-year program will be funded at even the
suggested $1.3 billion level are absolutely essential. And, unfortunately, the action
taken by the DOE with respect to the FutwreGen project is primary evidence of this
real concern. In addition, the total amount of funding, as explained above, is not

- adequate. The DOE is encouraged to modify the program and propose a gteatly
expanded progtam, like that already proposed by CURC, which would grant tax
incentives to qualifying CCS projects. At a minimum, the Department is encouraged
to plan for and commit to a much larger initiative so that there is a program legacy
tied to a much more robust industry and government partnership thereby giving both
the Department of Energy and industry a basis for encouraging the next
Administiation to continue a large-scale, industty supported CCS implementation
partnership

The RFT suggests that the DOE may provide support “up to” the incremental cost of a
CCS pioject. The Department is encouraged to clarify the level of support that might
be provided Specifically, a final solicitation should cleatly describe what portions of
a CCS project (e .g. equipment associated with the capture of COz, pipeline
transportation infrastructure, acquisition of storage rights, etc ) are eligible for
assistance It is also assumed that the program is intended to cover the entire cost of
the CCS portion of the project given the fact that the industry participant is willing to
add the CCS component to its commercial-scale power generation facility If this
understanding is not correct then the Department needs to explain what is intended.
Finally, are annual operating costs of CCS operation for a minimum period of time
included in a covered project?

2. ELIGIBILITY OF POWER GENERATION PROJECIS TO PARTICIPATE
IN THE CCS PROGRAM:

a DESCRIPTION OF PROBLEM



The proposed program would be limited to the installation of CCS technology on
[GCC units. The goal of the program should be to encoutage the application of
carbon capture and storage to electricity generation units and not to a single form of
electricity generation.

The CURC strongly encourages the Department to expand eligibility to include
combustion based systems. This should include post-combustion CCS systems that
utilize flue gas cleanup technologies as well as more advanced concepts like
oxycombustion. It is imperative that any program like the one being proposed by the
Department seek to insure that all power generation options be incentivized. In this
way, the electric utility sector will continue to have a number of options available for
the generation of electricity and the capture and storage of COz

Should eligibility be expanded to include combustion-based units then it is also
important that the unit size and percent capture ctiteria be modified, as well. The 300
g10ss megawatt per unit plant powe train is not appropriate for a combustion-based
unit.4 The unit size of pulverized coal units vary widely and if the goal of the
proposed program is to provide incentives for commercial scale projects then some
other indicia besides megawatts pet unit plant power train needs to be employed In
addition, COz capture at this early stage of CCS development will involve capturing
the COz2 from a slipstteam of the flue gases and the criteria that 90% of total COz
emissions from the unit be captuied is also not appropriate.

b RECOMMENDATION TO MODIFY THE PROPOSED PROGRAM

CCS projects utilizing combustion technology (i.e. flue gas scrubbing or oxygen-fired
combustion technology) should be made specifically eligible for the proposed
progtam. It is recommended, however, that there be a separate, parallel program
established for CCS projects utilizing combustion technology. The criteria for CCS
projects on gasification-based systems versus combustion-based systems are
significantly different and trying to integrate into one program eligibility for two
different technology paths is likely to cause confusion and controvetsy.

Second, the megawatt size criteria and the percent of CO2 capture criteria must be
modified to account for the varying unit sizes of commercially-installed coal

combustion systems. In addition, early CO2 capture systems installed on combustionbased
units will be applied to portions of the flue gas stream and the 90% capture

requirement on the entire flue gas stream is not appropriate. Combustion systems
utilizing CO2 capture systems (oxycombustion or sciubbers), should be validated at

75% to 90% capture efficiency and approximately one million metiic tons per year of
COzcaptured This goal would be 1ealized at a single plant (oxycombustion) or a

* 1t is assumed that the reference to 300 MW with respect to an IGCC is gross, not net, capacity The program should clearly state that
parasitic power used for COz compression, etc , impacts on the gasifier or gasification train due to elevation or rank of coat used in the
project are factors that will not negatively impact the calculation of the 300 MW size



o/

single commercial scale train (i.e scrubber) operating on a slipstream of the total flue
gas

3. REQUIREMENT TO CAPTURE 90% OF CO2z AND STORE 1 MILLION
TONS ANNUALLY

a DESCRIPTION OF THE PROBLEM

Recent studiess have concluded that the costs to capture 90% of COz fiom an IGCC
rise dramatically once mote than 65% is captured On combustion systems, capture
(oxycombustion or scrubbers), costs appear to be minimized near 85% capture, either
from the entire plant (oxycombustion) or a single train (sctubbers).6 7

Requiting 90% capture will dramatically increase the costs to the government (if the
DOE provides financing for the incremental cost of the CCS system) and could
dissuade participation by industry whete the risk — and costs — will be judged too
gieat. While the 90% requirement is an appropriate goal for the FutureGen project
given the emphasis upon technology demonstration and maturation, nothing is gained
by requiring a generating unit that is planned and constructed to provide competitive
electric power to meet a 90% criterion when the goal should be to gain commercial
expetience by capturing some pottion of the CO2 At this stage of CCS technology

Aarral + thara 1 3 - i 1
development there is no compelling reason to require a commercial-sized power plant

to assume any added risk, let alone increased costs, of a 90% capture system

The RFI specifically states: “ .the revised approach will place emphasis on gaining
early commercial expetience validating clean coal technologies through multiple
demonstrations of CCS technology in commercially-operated ... electric power
plants ” Given the immature state of experience in using capture technology
integrated with an IGCC, for example, CURC believes it is much more prudent to
simply encourage the installation of CCS technology on a unit that will be
commercially-operated rather than dictate the level of capture. Industry should be
fiee to determine what level of capture of CO2 makes the greatest sense from both a
cost and acceptable risk exposure perspective. Ultimately, as experience is gained
and cost and 1eliability are demonstrated, it is assumed that the marketplace will
demand and technology providers will supply the most cost effective and efficient

* See: § Gadde, ] White of WorleyParsons and R Herbanek, I Shah of ConocoPhillips: < CO2 Capture: Tmpacts on IGCC Plant
Performarce in a High Elevation Application using Western Sub-Bituminous Coal” at Gasification Technologies Conference San
Francisco October 15— £7 2007 )

® See: Rao and Rubin, 2006 and DOE-NETL 401/126106

7 Two issues drive concerns regarding 90% capture on the combustion based plant First pulverized coal power plants are built to
customer needs and one size does not fit all such needs Economies of scale for pulverized coal units has led to vnits well over 500
MW in the US and globally. Therefore, to build 90% first of kind CO2 capture into a new PC would require multiple modules of a
post combustion capture technology  essentially having to duplicate a demonstration multipie times on the same new power plant.,
clearly an inefficient use of incentives Second, the quantity of CO2 preduced by high capture on full plant output results in quantities
of CO2 which will likely exceed the scale of first of kind sequestration demenstrations. making siting and integration of sequestration
a much targer problem Oxyfiring does not face the same COZ percent capture issues

For large generating units, e g over 400 MW capacity, 65% capture even if judged technically feasible, will secover well over 1
million tons per year of CO2 (a 1000 MW unit would capture 6-7 million TPY) The state of knowledge of storage technology in
geclogic formations is not sufficient at this point to address this volume of gas in a storage project The purpese of advancing storage
technelogy would be better served by having more locations evaluated with less CO2 injection, as long as the injection quantity is
substantial {e g, 500.000 TPY)



systems. This demand likely will result in technology offerings capable of providing
greater and greater percentages of COz capture over time. At a minimum, if a level of
capture is imposed in order to qualify for the program, then it is strongly urged that
some minimum level of capture (not the maximum level of capture) be set against
which the DOE might judge the best project(s) to be selected.

b RECOMMENDATION TO MODIFY THE PROPOSED PROGRAM

The owner/operators of commercial scale electiic generation projects who ate willing
to install CCS systems onto their projects that will cost hundreds of millions, if not
billions, of dollars, should not be 1estricted to the 90% capture requirement that is
otherwise germane only to a technology demonstration project (i.e. FutureGen). The
goal is the installation of CCS technology at commercial scale The CURC
recommends that no percentage requirement be prescribed in order to qualify for the
program but if the DOFE determines that a percent requirement is desirable then such
requirement should constitute a minimum and be expressed in terms of a “goal” with
an cxpiessed statement that the Department will give added weight or preference if a
proposer intends to achieve a greater percentage

4. THE NEED FOR CERTAINTY WITH RESPECT TO LONG-TERM
LIABILITY

a. DESCRIPTION OF THE PROBLEM

The Department makes no mention in describing the proposed program of the current
lack of a tegulatory structure that is required to transport, inject and permanently store
the captured CO2 This is a vitally important element of any forthcoming CCS
project. The experience of the FutureGen project as well as the on-going projects
within the regional sequestration partnerships is ample evidence of the complexity
surrounding particularly the matters of injection, pore space ownership and short term
and long term liability associated with COz2 storage. These matters are being
addressed through federal, state and local government’s affirmative intervention.
First-of-a-kind commetrcial-scale CCS projects, like those anticipated by the proposed
program, will require similar assistance.

The establishment of a permanent regulatory regime has yet to be addiessed. The
absence of such a regulatory structure creates an unacceptable degree of risk and
uncertainty which means that no action to undertake CCS projects will likely take
place. In the intetim, CCS projects implemented on commercial-scale powet
generation projects cannot await the years necessary to considet, debate and structure
a permanent set of regulations and practices to address the storage of COz2. Answers
to questions about transporting COz2, owneiship of the storage reservoirs, injection of
the COzand liability issues attendant to the near term and then long term storage of
the COz2 must be addressed at the outset of the process when a CCS project is planned.
The DOE, and various agencies of the federal government, have major roles to play in
this process. More importantly, with respect to those projects that may participate in



the program now under consideration, the DOE, and the federal government in
general, must recognize that these early projects will require separate attention and
unique consideration.

b RECOMMENDATION TO MODIFY THE PROPOSED PROGRAM

The FutureGen project is clear evidence of the enormous complexity facing any
project seeking to install CCS technology and store COzin a deep saline reservoir. It
cannot be assumed, as the RFI suggests, that potential project sponsors will chose to
site commercial-scale electric generation plants within reasonable proximity of the
four sites considered by the FutureGen Industrial Alliance just to participate in this
program. If as DOE suggests this program is being initiated to support industry
activity now underway then the prospect of financial incentives alone will not be
sufficient. To reduce the time required to identify potential storage sites, characterize
such sites, obtain federal and state and local government commitments related to
long-term liability issues, conduct the necessary NEPA reviews and environmental
impact statements, etc. all of which has been accomplished by the FutureGen project
and requiring five and more years to complete will require a substantial commitment
by government The DOE must acknowledge this challenge in the final solicitation
for projects and define specifically how the government intends to assist in addressing
these various issues.

With respect to projects that are selected to participate in this program it is strongly
recommended that the federal government commit to assume long-teim liability for
monitoring, safety, etc of the stored CO2 Without an assurance of this nature and in
the absence of an existing regulatory regime that specifically addresses this issue it is
not likely that owners/operators of commercial scale electricity projects will get
involved The CURC will be pleased to work with the DOE to suggest other specific
actions that the Department or other federal agencies will need to take in order to
address the challenges identified herein.

CONCLUSIONS:

In order to initiate the ptoposed program and insure industry participation it is
stiongly recommended that the DOE incorporate the recommendations made in this
submittal. The need to develop carbon capture and storage technology if greenhouse
gas regulation is enacted is not disputed It will tequite the combined resources of
industry and governments at all levels working in partnerships to accomplish rapid
introduction of CCS technology. The CURC will be pleased to work with the
Department in structuring this important program.
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Depaitment of Energy
RE: Restructured FutwreGen Program, Request for Information
ATTN: My Keith Miles

Dear Six:

The Department of Energy has asked prospective participants to provide comments to the
tecently announced restructured FututeGen program.  In conjunction with the Pennsylvania
Department of Environmental Protection (PA DEP) and the DPepartment of Conservation and
Natural Resources (PA DCNR), Duke Energy Generation Services (DEGS), a wholly owned
subsidiary of Duke Eneigy, is working to develop a sequestration network to permanently
contain carbon dioxide in appropriate geologic formations such as deep saline aquifers
undetneath Pennsylvania Commonwealth property. DEGS agrees with the goal of supporting the
development of carbon sequestration demonstrations at multiple sites and would like to provide
“Project”) which we are seeking to develop in Masontown, Pa. We believe that this Project
should be considered a strong candidate for Department of Energy support under the proposed
carbon sequestiation progiam

DEGS is a wholly owned subsidiary of Duke Energy, one of the nation’s largest electiic power
companies in the United States which supplies and delivets energy to appioximately 4 million
{J §. customers. Duoke Energy has nearly 37,000 megawatts of electric generating capacity in the
Midwest and the Carolinas, of which DEGS opetates and manages over 4,000 megawatts. Duke
Energy has invested billions of dollars in emission teduction projects, and plans to invest
approximately $4 billion in advanced coal generation over the next five years. Duke Energy has
been iavolved in the successfully development, constiuction and operation of advanced encrgy
projects including Integrated Gasification Combined Cycle (JGCC) since 1995
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Over the past several years there have been a large number of announcements of gasification
projects proposed to produce electric power as well as SNG under both regulated and unregulated
commetrcial constructs Many IGCC projects have been materially delayed or otherwise canceled
due to rising construction costs, inability to tecovery capital through long term contracts and in
many cases opposition to any coal fired generation that does not significantly reduce carbon
dioxide emissions.

Another set of issues for development of IGCC with carbon sequestiation is managing thivd party
risks such as liability associated with an accidental 1elease of carbon dioxide or impairment of
adjacent property, and mineial tights when injecting and subsequently storing carbon dioxide
underground Typical tisk management tools such as insurance coverage, indemnity protection
or even legal precedence are not available to commercial scale projects utilizing carbon
sequestiation.  To address these tisks DEGS is working closely with the PA DEP and PA DCNR
to intioduce new legislation that would allow catbon dioxide to be captured, compressed and
delivered to a carbon sequestration netwotk owned by the Commonwealth of Pennsylvania
Attached please find a letter of support for the Project from Governor Rendell’s office addressed
ditectly to the Department of Energy

We believe that it is critical that a number of significant carbon captute and storage projects be
developed and placed into operation on an accelerated schedule This will establish the technical
and commercial foundation for wider scale application in the future. Given the diversity of
potential applications, which can include miscible and non-miscible catbon dioxide floods for
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enhanced oil recovery as well as geological sequestration, a wide range of applications are
requited Further, geographic diversity is extremely important. For example, western
Pennsylvania has the strategic potential to provide “de-carbonized” energy to eastern markets
which have limited resowces of conventional renewable energy and which do not have the
suitable sub-surface geology to support catbon capture and storage. Further, Pennsylvania is
endowed with significant coal tesoutces and has access to these eastetn energy markets through
the established infrasttucture of high-voltage electric transmission lines as well as high-pressure
natural gas pipelines. Thetefore, the development of commercial carbon capture and storage in
western Pennsylvania is of strategic importance not only to the Commonwealth and its citizens
and industry but to the United States

Given the need to accelerate commercial applications we believe that funding should be made
available in a manner that does not trigger the National Environmental Policy Act DEGS
advocates the use of a carbon incentive payment per ton over a period of 20 years Alternatively,
providing a grant in aid of development and construction is possible. Finally, we believe that
preference in the selection of projects be afforded to those initiatives that include a “public-
private” pattnership of the type described here, including State assumption of the Hability
associated with injected carbon.

DEGS applauds the Depattment of Eneirgy for taking these steps to support a number of carbon
sequesttation initiatives at 2 time when the development of new coal fired generation, which is so
citical to our nation’s economy, is in jeopardy. We hope you will find owr comments and
facility description to be useful as you finalize your restructured FutweGen program. DEGS
would welcome the opportunity to meet with Department of Eneigy and other FutureGen
participants to exchange ideas on advanced coal generation and carbon sequestiation technology
and their importance to owr economy. We look forward to participating in your program as it
advances

Sincerely, :
N
AN "-{/\}

F. Reed Wills

Vice President, Business Development
Duke Energy Generation Services

225 Wilmington West Chester Pike
Chadds Ford, PA 19317

Office: 610,358 4790

cc: Wouter van Kempen, Michael Schwattz, Joseph Kelly




Response to DOE FutureGen Request for Information:
Alternative Opportunity to Achieve FutureGen Project Objectives
At Commercial Scale

Submitted by: Eastman Chemical Company
March 3, 2008

Contact Information:

Location of Project: —

Narrative Description of Project:

Eastman Chemical Company 1 R



DOE should consider whether an IG project haé:to immediately or directly produce electric

Eastman Chemical Company 2
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Technical and Financial Qualifications of the Project Team:

Eastman Chemical Company 4 . ]



Ability to Meet or Exceed Restructured F'utgireGen Time Frame:

DOE Funding Required (very preliminary estimate):

Eastman Chemical Company 5 _



Technological, Financial, or Legal Issues or Barriers:

Hydrogen turbines of F-frame size or larger are not yet fully cotimercial and are not offered

competitively at this time, although both GE Energy and Siemens claim they will offer them
SOOM. “

Eastman Chemical Company I



Property rights, regulatory/permitting, and liability issues related to long-term CO2 storage
deep saline reservoirs fiom the proposed demonstration project must be clearly identified so that
the associated financial risks can be assessed. Some of these issues are currently in the process
of being addressed by federal agencies and/or the State of Texas.

Other Information or Concerns:

We firmly believe that industrial gasification (IG) projects offer the fastest and lowest-cost route
for demonstrating commercial-scale carbon capture and storage and near zero-emission power
generation. IG projects, by their inherent nature, require deep removal of contaminants such as
sulfur and mercury because they tend to be poisons for chemical conversion catalysts used in
such projects. IG projects also inherently require that almost any carbon dioxide formed during
the process be separated out and captured as a concentrated stream (using well-proven
technologies), and the cost of such carbon captate is built into the economics of the products
being produced by the project If hydiogen or ammonia are products of the IG project, full
syngas shift capability will also have been built into the project design. Thus, the additional
costs to capture and sequester carbon dioxide from such projects arc the lowest of any coal or
petcoke-based projects.

Because IG projects, in general, provide products with higher value than electric power, they ate
more likely to be financed and built in today’s challenging economic environment. We have
seen numerous gasification and coal-based combustion projects deferred or cancelled in the past
year due to the challenging economic environment and uncertain environmental regulation
environment, but the gasification projects that have continued to move forward on a global basis
are predominantly 1G projects.

IG projects also ovi i _ icher overall reliabilities and sared risks.

Eastman Chemical Company 7

ELY
T



Another advantage of IG projects is that they can use opportunistic domestic feedstocks, such as
coal, petcoke, biomass, and secondary recycled materials. We believe that the DOE should not
limit the restructured FutureGen project to just coal feedstocks, but should embrace a spectrum
of domestically available feedstocks. The objective should be to reduce our dependence on
imported feedstocks such as oil and natural gas and to utilize our abundance of a spectrum of
domestic feedstocks, including utilizing byploducts of oil refining that reduce the need for
further importing additional crude oil :

In this same context, the use of EOR applications for sequestration of CO2 should also be

encouraged by the restructured FutureGen project, because in addition to providing geologic
storage opportunities for the CO2, the additional enhanced oil production further reduces out
need for imported oil and for new drilling (with its associated environmental concems).

Eastman Chemical Company 3



roduce electric

The electric
power generation from hydrogen can be decoupled and done as a subsequent o1 separate bolt-on
test phase (Phase II), allowing the technologies of carbon sequestration and hydrogen turbines to
each advance on their own pace. Another potential option would be to utilize substitute natural
gas (SNG) production, coupled with carbon sequestration, and utilization of existing NGCC
facilities (either attached directly or remotely via pipeline) as an allowable FutureGen-type
project.

Summary of Opportunity to Accomplish FutureGen Objectives:

Given the importance of sequestration solutions to the future use of America’s inexpensive and
abundant coal and other feedstock reserves, Eastman believes that DOE’s plans for FutureGen-
type projects have merit. Openness to considering utilization of IG projects, and their associated
feedstocks, for FutureGen-type projects could accelerate the overall demonstration timeline and

Eastman Chemical Company 9 I



reduce overall demonstration costs while improving the overall probability of success. That
provides a win-win-win for American energy independence and also provides new opportunities
for American jobs. - .

Eastman Chemical Company 10 R



Response to DOE FutureGen Request for Information:
Alternative Opportunity to Achieve FutureGen “Living Laboratory” RD&D
Objectives

Submitted by: Eastman Chemical Company
March 3, 2008

Contact Information:

Location of Project: _

Narrative Description of Project:

One of the objectives of the original FutureGen proposal that had great merit was the
cstablishment of a “living laboratory” RD&D center for advanced gasification technologies. As
the costs for the original FutureGen program skyrocketed, DOE was driven to consider a
restructured FutureGen program that focused on multiple early commercial technology
demonstrations and excluded the advanced RD&D Center concept. Although this approach
should help accelerate current-genetation advanced technologies for near zero-emission power
genetation and for carbon capture and sequestration (CCS), it does little to accelerate
development and demonstration of next-generation advanced technologies One of the major
concerns with current-generation gasification technologies are their high capital costs. RDD&D

Eastman Chemical Company 1 I



of advanced next-generation technologies may help to significantly reduce capital and operating
costs, improve overall efficiencies, and improve overall reliabilities. While it is extremely
important to focus on successful near-term commercial demonstrations of clean energy
production and CCS, the “living laboratory” aspect of the original FutureGen program should not
be abandoned. ‘

Eastman Chemical Company pioneered the first commercial application of coal gasification for
production of chemicals in the U S in 1983 at our Kingsport, TN site. We will achieve 25 years
of successful operation in June of this year. Eastman’s operational performance during that 25-
year time span has been exceptional, averaging over 98% on-stream availability since 1984, But
Eastman has done more than pioneer coal gasification in the U.S We have partnered with the

DOE and others, and innovated on our own, to develop and demonstrate a number of advanced
technologics and capabilities 1elated to gasiﬁcatio_

Eastman Chemical Company 2 ]



Time Frame:

Eastman Chemical Company



DOE Funding Required (very preliminary estimate):

Technological, Finaneial or Legal Issnes:

Eastman Chemical Company 4 ]






Other Information or Concerns:

Eastman Chemical Company 5 _



Lindell Blair
949.798-7903

]
Irvinei CA 92612

Location: lllinois
Project Description

The IGCC project is in the early development phase, with potential sites in Southern,
Illinois with access to watet, coal, transmission and natural gas The goal of
— is to develop, own and operate a commercial scale IGCC that can
demonstrate carbon capture and sequestration using Illinois Basin coal
_ has evaluated IGCC with the following capture rates: 20-30 % , 50%, and 90%
Estimated cost for 90 % capture is estimated to be 30-40 % of the total project cost.
Sequestration would be in-situ at the plant facility if geologic formations below the plant

allow for the sequestration of CO2 If not, CO2 would be piped to the ISGS golden
1ectangle of the Mt Simon Sandstone formation — _is currently a

partner in the MGCS partnership

_, . has a corporate history in IGCC and understands the complexﬁy

of constructmg and 0perat1ng 1GCC. oo . was a 50 % partner in the
B Energy project in Sicily __ has experience in financing large,
complex electric power projects such as MEENEN - nd the
I o1 tfolio 7 18 experienced in working with
partners

Project Time Line

Because the project is early development and the time line for completion of
Sequestiation Partnezship Phase III project is in 2016 time frame, it is most likely that the
COD time set forth in the RFT will not be met

DOE share

It is estimated that the DOE share for CCS would be in the range of 30-40% of the
project cost

Tssues
1  Scope of CCS - Because of the integrated nature of the IGCC with CCS it may be

difficult to separate the CCS portion of the project What is DOE’s view of on the
boundaries for CCS?



2 Capture Rate - Projects that capture less than 90% of CO2 emissions, but still
meet the 1,000,000 ton injection rate should be ¢ligible for support in DOE’s
restructured FutureGen program

3. Eligible Costs - DOE should pay for operating cost of capture and compression
during the demonstration period, including paiasitic load, chemicals and

maintenance.

4 “Single-Train" Funding - How firm is DOE on single-train funding of CC8?
Does single train mean the gas stream from a single gasifer designed to operate a
1 x! CCGT power block? Given that most ot all of the 30 o1 s0 IGCC projects
mentioned in RIF ate 2x1 designs, would DOE fund a lower capture rate system
from a combined gas stteam necessary to support 2 CCGT operations, if it meets
the 1,000,000 million ton criteria?

5 Liability Issues - CO2 ligbility is an issue for project developers What is DOE’s
position on liability for carbon capture, transport and storage? Would DOE
consider providing liabiiity protection for projects selected? Edison Mission
believes that the transport and storage functions could be sepazated from the
capture project, but we would have concerns around impacts due to non-
petformance of those other functions These concerns may/can be addressed by

appropriate contract language

6 Form of Award - Will the award for CCS be lump sump o1 will it paid during the
course of construction?

7 Payback Provisions - Will the payback provisions for CCS, be similar to those
discussed in CCPI Round three public hearing of Nov 077 What will trigger the

payback?

8 Economic Vigbility - Economic viability is still questionable even with DOE
covering CCS cost What the developer is left with is a CCGT with a rather
expensive fuel processing facility on the front end, this presses the issue of
economic viability, because most markets do not support a stand-alone gas-fired

CCGI

I - >prccinics the Department’s inquiry here and would be pleased to
provide additional information



Fred McCluskey, Kent Wanninger

312 583 6097, 312 583 6077
One Financial Place

440 8§ LaSalle

Ste 3500

Chicago, Ilinois 60605

Location: Pennsylvania

appreciates DOE’s willingness to fund CCS under a restiuctured
FutureGen. As the opetator of a large coal portfolio, ||| GG :icves that
DOE should consider supporting deployment of post-combustion carbon capture as an
integral part of a resttuctured FutureGen program  Ihe opportunity to help demonstirate
CO2 capture technology that could be applied to the existing coal fleet is enormously

important

Project Description

—proposes up to a 200 MW slipstream post-combustion carbon
capture project at the ' ' ’ '

¢ located in Permsylvania The station burns locally mined Pennsylvania
bituminous coal Several post-combustion technologies arc under yeview Based on our
assessment it appears that ECO2 would be the technology of choice. Storage would be
in-situ in the geologic formation below the station or nearby. | EGNNGNG s
completed an initial geologic site characterization and the results for in-situ storage looks

encouraging
Project Time Line

Meeting the deadline in the RFI is tight but achievable based on our eatly assessment

DOE share

It is estimated that the DOE shaie for this post-combustion carbon capture and
sequestration project would be in the appioximately 200 million dollats

Issues

1 CO2 Capture rate - Projects achieving a captute rate of less than 90%, but still
capable of meeting the 1,000,000 ton annual injection target should not be
penalized in the final evaluation



Eligible Costs - DOE should be willing to help fund the operating cost of capture
and compression during the demonstration petiod, including parasitic load,
chemicals and maintenance

CO2 liability is an issue for project developets. Will DOE be providing liability
protection with regard to carbon capture, transport and storage for projects
accepted under the restructured FutureGen program? Would DOE consider a
DOE sponsored CapCo that would stand behind the CO2 liability? Are theit
lessons that can be drawn from defense plant clean up operations 1e management
of Hability? Midwest Generation believes that the carbon transport and stotage
functions could be separated fiom the carbon capture project, but would have
concerns around impacts due to non-performance of those functions  These
concerns may be addressed by appropiiate contract language

Form of Award - Will the award for CCS be lump sump or will it be paid during
the course of construction?

in

P, B

Payback - Will the payback provisions for CCS, be similar to those discusse
CCPI Round thiee public hearing of Nov 077 What will triggez the payback?

£y

2

We commend the Department for undertaking this inquiry and would be pleased
to provide additional information on this project If demonstiated at

we believe this carbon capture technology could be used at a latge number of
existing coal plants located in similar geological basins
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Eltron Research & Development Inc

I.  Recommendations for FutureGen and the proposed funding epportunity

Support slipstream access for developing CCS technologies.

DOE mandates and funding will be requited for technology developers to prove theit
applications and compel industry adoption 1f all FuturGen plants are single train IGCC-
CCS, there will be no opportunity for slip-strcam testing. Therefore, funding
opportunities need to be provided for testing on DOE funded plants such as Wilsonville
ot Eastman Chemical.

Support CCS technologies that are already beyond lab scale. Technology developers
with solutions at readiness levels close to pilot demonstration require further funding
support. Utilities and power providers will not invest in these technologies until the
economics are proven on a pilot plant scale.

Include Eltron’s Membrane System for Carbon Capture and Hydrogen Separation.
Techno-economic models indicate that Eltron’s Membrane System will provide greater
carbon capture at a lower cost of energy than conventional technologies for IGCC-CCS.

Include Warm Gas Cleaning.

Techno-economic models indicate warm gas cleaning improves carbon captute (up to
95%) and economics for IGCC-CCS systems using a membrane system for hydrogen
separation.

II. Eltron’s Membrane System for Carbon Capture & Hydrogen Separation

In partnership with the Department of Energy, Eltron Research & Development Inc. has
been conducting a sustained multi-year development program for a membrane system
that simultaneously captures carbon dioxide for storage and separates high-purity
hydrogen from a water-gas shift feed stream Eltton’s Membrane System for Carbon
Capture and Hydrogen Separation enables economical and clean power generation from
coal by providing improved carbon capture, greater thermal efficiencies and an
inctemental cost savings over conventional technologies.

Eltron’s Membrane System for Carbon Capture and Hydrogen
Separation is a critical component of an economically viable IGCC-
CCS system.

Eltton’s Membrane System for Carbon Capture and Hydrogen Separation enables 90-
95% carbon capture and simultaneously produces essentially pure H; at a high flux, With
ot without hydrogen export, the Membiane System is ideal for coal-based IGCC
applications requiring CCS. The system and membranes are designed to operate under a
variety of conditions to allow flexible process design Specifically, Eltron’s membranes
have been operated at temperatures and pressuies most conducive for integration with
water-gas shift (WGS) reactors.



Elrron Research & Development Irc

Benefits for IGCC-CCS:

= System enables 90-95% carbon capture.

= Separates and maintains carbon dioxide close to gasification pressure to minimize
compression and energy costs for pipeline transportation and sequestration.

» Simultaneously produces a high pressure hydrogen/mtxogen stream for power
generation from next- generatlon turbines.

» Process design is economic in multiple configurations; current models show up to
$11/MWh cost of electricity savings over current technology.

« HHYV efficiencies up to 6% higher than current technologies.

» Compatible with commercial technology for required levels of sulfur, NOx,
mercury, and particulate removal

Other Benefits
« Effective with synthesis gas generated from any source including coal, petroleum
coke, natural gas, or biomass
= High hydrogen recoveries of over 90%.
= High hydrogen permeate pressures
= Lssentially 100% pure hydrogen production as the membrane works by
transpotting dissociated hydrogen across the membrane material

Process and economic modeling based upon obsetved membrane performance show that
use of Eltron’s Membrane System for separation of hydrogen and carbon dioxide in an
IGCC-CCS plant provides an incremental improvement over cuirently available
technologies such as solvent systems. The next phase of the development program will
further advance omr Membiane System performance yielding a stronger position over the
alternatives '

Further modeling with the integration of warm gas cleaning showed an even greater
economic advantage as well as improved carbon capture — more than 95%. While
Eliron’s Membrane System does not depend upon warm gas cleaning, the combination of
the two technologies would provide extremely attractive economic and environmental
advantages for IGCC-CCS plants

L Process and Economics: Eltron’s Membrane System for IGCC-CCS

Eltron’s high piessure, high temperature tolerant membrane system simultancously
captures carbon dioxide for storage and separates high-purity hydrogen from a water- -gas
shift feed stream. As described below, current modeling shows that Eltron’s system in
IGCC power plants has the potential to capture more carbon than current technologies
and at a lower cost of electricity.

Process performance and economics have been evaluated in detail for IGCC carbon
capture using 1) conventional technology, 2) Eltton’s Membrane System, and 3) Eltron’s
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Membrane System with warm gas desulfurization. The assumptions used in the process
modeling were based on the FutureGen targets and are summatized below.

Table 1. Process Modeling Assumptions.*

Plant Capacity 2756 MW
Required Carbon Capture 90%

Required Sulfur Removal 99%

Required NOx Removal < 0.05 I/MMBTU NOx
Cost of Electricity DOE Financial Model v3.0

*FutureGen: Integrated Hydrogen, Electric Power Production and Carbon
Sequestration Research [nitiative, US DOE Office of Fossil Energy, March 2004

The basic configuration and processes of the plant include coal gasification to produce
synthesis gas (syngas) followed by gas cleaning at or near-gasifier pressure, water-gas
shift reactors to produce additional hydrogen and CO,, then separation of hydrogen from
CO;. For each case, a flow diagram is presented below summarizing the process and
showing wheie carbon is lost o1 captured throughout the process. As power-only cases,
these flow diagiams assume power production from a 230 MW GE 7251FB turbine for
powet production

Economics (summary provided in Table 2) were compared against conventional
technology, such as the Selexol process, for sepatating CO; from a hydrogen-rich syngas
stream. 90% carbon capture was used as a basis Using hydrogen membranes vs. Selexol
was not the only change between the comparison plants It was found that for the
conventional technology, it was more economical to use the Selexol system for sulfur and
CO; removal downstream of the water-gas shift reactors. Whereas sulfur removal with a
COS hydrolysis reactor, followed by a lower-cost amine absorber upstream of water gas
shift reactors, imptoved CO; capture efficiency when using a hydrogen membrane for
separation of hydrogen and CO,. Figute 1 shows IGCC-CCS based on currently available
technology
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Figure 1. Flow diagram for pre-combustion power only case for CO; capture
with current technology.

Current technology for pre-combustion carbon dioxide sepatation is limited by the facts
that CO; is captured at low pressures and that the maximum carbon capture is only 90%
of the total catbon. Eltron’s approach to IGCC-CCS is a pre-combustion sepatation
technology designed for integration with multiple gasifier types and hydrogen turbines
under development by third parties. Eltron’s technology is based on a separation

membrane that separates hydrogen out of a high pressure water-gas shift feed stream, as
shown in Figure 2.

Hydrolysis

Water J cOs
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Figure 2. Flow diagram for pre-combustion power only case for CO, capture
with Eltron membrane technology.
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The raffinate steam can be easily knocked out; this stream from the membtane system is
>95% pute CO, — after any remaining CO and H are removed in a high pressure
catalytic combustor (CATOX) unit. Therefore, Eltron’s technology cssentially takes a
high pressure CO,/H; stream and separates it into a high pressure CO; stream for
sequestration and a high pressure Hy stream for energy ptoduction. Figures 1 and 2 show
that in both cases about 90% of the carbon is captured, which is required by DOL
guidelines. Results from the process economic analysis show that an IGCC plant that uses
an HTM in a power-only scenario is very competitive, on a COE (cost of electticity)
basis, with plants that employ more traditional technology. Imptovements were achieved
over the conventional system by optimizing membrane staging and hydrogen recovety, as
well as removing steam from the syngas upstream of the membrane.

The ability to separate and maintain CO; at high pressure will significantly reduce
compression and energy costs for transportation and enable decoupling of power
generation and carbon transport and storage.

Further improvement in thermal efficiency, economics, and percent carbon 1emoval can
be achicved by combining Eltron’s membrane system with warm-gas desulfutization
(rather than an amine absorber) for sulfur removal Eltron is actively developing warm
gas cleaning technology Other approaches are also being developed at RTI. Figure 3
shows one possible flow diagiam for integrating warm gas cleaning with Eltron’s
membrane for carbon captute.
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T l 600 - 1000F regen l
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2 : shift reactors
Sulfur Recovery
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Figure 3. Flow diagram for pre-combustion power only case for CO, capture
with warm gas desulfurization and Eltron membrane technology.
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In this scenario Eltion found a further increase in HHV efficiency, a further decrease in
COE, and a higher percent carbon capture

Table 2. IGCC-CCS Performance and Cost Comparisons

CO, Capture None Pre- Eltron WGCU & A Selexol vs

Method combustion Membrane Eltron WGCU &
Selexol Membrane

Coal Feed (tpd} | 2,853 3,258 3,526 +268

Net Power 291 239 318 +79

(MW)

HHY Efficiency | 39 3% 27 4% 33.6% +6.2%

% CO; 0% 91 30% 95.30% +4 00%

=

— £ T

78 1

834 106
Electricity
{$/MWh)
Plant Cost 1,733 2,434 2,292 1.863*
($/kW)

*Cost applicable only to the incremental net power produced.

Eltron’s Membrane System shows a clear advantage over conventional
solvent systems.

Eltron has systematically improved our membrane system performance throughout the
development program And we expect to continue making improvements. Multiple
variables remain to be optimized that have the potential to improve system performance
and lower costs. Variables such as membrane thickness and composition, membrane
lifetime, gasifier choice, percent carbon capture, and process design are a few examples
of system parameters that will be developed and tested in the first part of the proposed
program

I1V. Technical and Financial Qualifications

Eltron is well positioned to advance the Membrane System to commercial readiness.
Eltron has the required facilities, equipment, team members, and commercialization
resources including relationships for collaboration and funding.

Reactors and Other Equipment

Eltron has five high pressure reactor systems dedicated to carbon dioxide, hydrogen
membrane development Many of these reactors have unique capabilities that allow
Eltron to test membranes under conditions that cannot be simulated anywhere else  All
five reactors are capable of testing membranes at temperatures up to 750°C and pressures
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up to 1000 psig. Two reactors are designed for screening experiments. These reactors
are capable of a hydrogen / helium mixed gas feed stream at pressures up to 750 psig.
The third reactor allows Eltron to test multiple membrane configurations under a
simulated water-gas shift feed stream (H,, CO,, CO, and H20). This scale-up reactor is
capable of high flow rates at pressures up to 1000 psig Membranes can be tested in a
planar or tubular configuration. In addition, multiple membranes can be tested in series
or in parallel. Finally, Eltron has two reactors that are used for lifetime testing under a
full simulated water-gas shift feed stream. These reactors are intended to provide long-
term membrane stability data by exposing membranes to expected IGCC operating
conditions for up to 9000 hours

Figure 4. Eltron’s lifetime reactor test skid.

In addition to Eltron’s unique membrane testing reactors Eltron has extensive analytical
capabilities for characterizing membranes before and after testing Eltron has in-house
X-ray diffraction, Scanning Electron Microscopy, and thermal analysis equipment.

Team

Mr. Douglas Jack, Vice President- Technology, is tesponsible for program management.
Mr. Jack brings over 28 years of experience in technology development and commercial
application of technology in the petroleum and chemical industries Most recently he
worked at ConocoPhillips as Manager of Major Program Development where he was
responsible for identification and commetcialization of new business opportunities for
internal applications leveraging existing ConocoPhillips technologies or by adding new
technologies to their portfolio by putchase, development or license.
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Damon Waters, Business Development Manager, will develop the relationships necessary
for commercial development and application. Damon has nine years of experience
commercializing early stage technology though product development, intellectual
property licensing and new venture cteation. Prior to joining Eltron, Damon worked with
universities in technology commercialization through seven new start-up companies and
over 20 license agreements In 1999 he co-founded a software company that raised $12
million in angel and venture capital and was acquired by a public company in 2002 M.
Waters holds bachelor’s degrees in environmental engineering and economics from Duke
University, as well as a master’s degree in engingering management from Duke.

D . Carl Evenson, Chief Scientist, will be responsible for supervising the technical
development of Eltron’s Membrane System. Dr. Evenson’s responsibilities at Eltion
include development of hydrogen membrane separation technology, synthesis of new
lithium-ion battery cathode and anode materials, and development of coating
technologies such as anodization and chemical vapor deposition. Dr Evenson received a
B.A  in Chemistry from Gustavus Adolphus College, and a Ph D. in Inorganic Chemistry
from Colorado State University
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Dr. id Anderson, Chief En 1, will be responsi
engineering and modeling of Eltron’s Membrane System. Dr. Anderson’s responsibilities
at Eltron include process engineering, integration, and economic evaluations for vatrious
technologies under development. Prior to joining Eltron, he worked in process tesearch
and development in the petroleum industty He received a B.S from the University of
Colorado and a Ph D from the University of Houston in Chemical Engineeting, and is a

member of AIChE

Dt . Richard Mackay, Research Fellow, will provide technical support to the project. Dt
Mackay’s current responsibilities include the development of mixed ion and electron
conducting ceramic materials used in oxygen separation processes, and research into the
physical and chemical properties of these materials. His recent work has emphasized the
optimization of reactors incorporating membranes made from these mixed conducting
materials. Development of improved catalysts {or these systems is pursued concurrently
with the development of improved materials

Dr. Michael Mundschau, Senior Principal Scientist, will ptovide technical support to the
project. Dr. Mundschau studied chemistry at the University of Wisconsin-Milwaukee.
His Ph D work at the Laboratory for Surface Studies was in catalysis and surface science.
His work at Eltron has focused on developing catalysts for oxygen and hydrogen
transport membranes. Dr. Mundschau is the author of over 65 scientific papers, and has
presented his work as invited speaker at over 60 conferences and seminars around the
world

Commercialization Resources

Eltron intends to fund the next development phase with support from the Department of
Energy and a strategic industry partner Eltron is carefully yet aggressively establishing
the appropriate industry relationship(s) to provide the following:
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= Access to the entire marketplace and an interest to provide Eltron’s Membrane
System to all domestic projects.

= Resources to advance the technology through the pilot plant demonstration stage
and to the marketplace

» Complementary skills such as process engineering, sales and marketing.

Eltron has existing relationships with most of the top candidates for this role and is
actively discussing potential deals with select parties.

V. Propoesed Timeframe and DOF, Contribution

Eltron has put together a plan for demonstration of this technology with a work plan to be
implemented over the course of five years at a cost of $46 million. Table 3 summarizes

the yearly project costs and expected cost-sharing between DOE and private industry.

Table 3. Budget Summary for the Proposed Expanded Work Plan

Notes:
1) Stage Gate 1 prior to construction of PDU is scheduled to be avaluated at end 2Q FY10:
total expenditure to that point wili be $10 6 MM
2) Stage Gate 2 prior to construction of SEP (4 TPD) is scheduled to be evaluated at end 4Q FY 1
total expenditure to that point will be $26.2 MM

DOE Contribution $ 5202,800 7,091,800 8644400 10,030,125 5,142,105 36 111,230
Industry Contribution $ 1300,700 1,772,950 2161,100 3343375 1,714,035 10,292,160

Total Budget, $ 8503500 8884750 10,805,500 13,373,500 6 856,140 46 403,390

The project will be managed using a stage gate process to ensure proper decisions are
made at two key points in the program. Stage Gate 1 can only be passed if the membrane
demonstrates performance that provides a clear economic advantage over alternative
technologies when integrated into an IGCC plant. Flux and lifctime are the key
parameters that must be met A second criterion for passing th1s first stage gate is that
membrane manufacturability must be clearly outlined.

Stage Gate 2 occurs at the point where sufficient data has been collected in the Process
Development Unit (PDU) to enable a paper design of the Sub-scale Engineering
Prototype (SEP) Assuming that the economics and manufacturability of the membrane
system still meet targets, the SEP will be constructed and operated to obtain the final
engincering data needed for a commercial unit.

A tull scale system will be ready for early-commercial demonstration in 2015

10



1. Name:

Energy Industries of Ohio

Point of Contact: Robert M. Purgert
216.533.1309

8100 Ozk Tree Boulevard, Suite 200
Independence, OH 44131
purgert@energyinohio.org

Industry Consortium:

Alstom Power, Inc General Electric

Babcock & Wilcox Company Siemens Westinghouse

Riley Power, Inc. Alstom Power Turbines

Foster Wheeler Development Corporation Electric Power Research Institute

2. Location of Project: Ohio, Massachusetts, New Jersey, Connecticut, California,
New York, Florida, Tennessee

3. Narrative:

COMPLETION OF PRE-COMPETITIVE TECHNICAL DEVELOPMENT OF
ADVANCED ULTRA SUPERCRITICAL (A-USC) COAL-FIRED POWER PLANTS

The recent results from a highly successful DOE sponsocred project to develop the
materials technology needed for operation under advanced steam cycles have paved
the way for building future combustion based pulverized coal power plants with higher
efficiency and substantially reduced emission levels of greenhouse gases [nan
ongoing project, candidate alloys with the necessary high strength and corrosion
resistance capable of operation at temperatures approaching 1400°F (Advanced
UltraSuperCritical or A-USC) have been identified and techniques for welding and
fabricating components of these alloys have been developed. Development of this
technotogy is a major first step in the efficient utilization of coal as a fuel source and has
rendered combustion based use of coal as an attractive option for power generation.

The use of coal for electrical generation poses a unique set of challenges however On
the one hand it is plentiful and available at low cost in much of the world, most notably in
the United States, China, and India. Coal constitutes the source of fuel for a significant
portion of the energy produced in these and other countries and offers relief from the
stranglehold of foreign supplied fuels, especially oil and gas. On the other hand,
traditional methods of coal combustion emit pollutants and CO, at high levels relative to
other electric energy generation options. Improving the efficiency of the coal fired plants
offers a significant path for using coal as the fuel and, at the same time, considerably
reduces the amount of all effluents including CO,.

In the long run, it is not logical to collect CO, emissions from anything other than the
most efficient energy conversion plants available. Capturing and storing byproducts
from unnecessary cansumption of fuel is a very expensive exercise that only consumes
more resources and power, and releases more heat into the environment (an often



overlooked effect on the heating of our surroundings). In a recent study sponsored by
DOE and Chio Coal Development Office or OCDQ, it has been estimated that the
specific coal consumption and CO, generation can be reduced by 25 to 30% from the
typical subcritical steam plant operating in the USA by utilizing higher steam conditions.
Such a plant has also been found to be economical due to the fuel savings and the
reduction of balance-of-plant requirements. Further, the 25-30% smaller CO, capture
system, transport infrastructure, and storage requirements result directly from the more
efficient use of fuel resources.

This position paper builds upon the materials technology that has been developed in the
course of the highly successful DOE/OCDO project to enable construction of Advanced
Ultrasupercritical plants (A-USC) and outlines further tasks needed to carry the
technology to a “near commercialization” stage. The consortium of all the U.S . boiler
and turbine manufacturers are of the opinion that the technology can be carried to a
“‘Near Commercial “ stage with a final phase or ast lap to the current project.

The U S. project consortium is comprised of all the U S. hoiler and turbine manufacturers
working under the technical direction of the Electric Power Research Institute (EPRI} and
with assistance of the Oak Ridge National Laboratories (ORNL) and other laboratories
and Universities Overall Program Management and Administration has been the
responsibiiity of the prime contractor, Energy industries of Ohio (EiO}, with major funding
coming from the Department of Energy, the State of Chio, and cost share contributions
from the industrial participants The research being conducted is defined as pre-
competitive as it adds to the general knowledge of the strength properties, resistance to
oxidation and corrosion, fabricability and weldability, availability of protective coatings,
and development of appropriate general design information and procedures for a select
number of best candidate alloys.

While a range of post-combustion capture technologies under development could be
applied to an A-USC plant, the continuing project is also focused on developing the
materials expertise to permit integration of oxy-combustion process in the boiler. As
planned in most IGCC applications, oxy-combustion means the separation of nitrogen
from the combustion air, so that nearly pure oxygen is used for combustion, and so that
the otherwise and more expensive process of separating nitrogen from CO. in the flue
gas is avoided. When integrated into the boiler and overall plant design, oxy-combustion
is considered to result in a much simpler CO; purification process compared to other
approaches, including those proposed for IGCC application, and cther current emissions
control systems may be rendered unnecessary. Oxy-combustion presents some special
challenges to the boiler materials technology, and in this carbon capture solution, the
boiler and materials design are integral parts of the overall CO, capture system.

The efficiency of conventional fossil powered plants is a strong function of the steam
temperature and pressure. Research aimed at increasing these conditions to as high as
1400°F (760°C) and 5000 psi {35 Mpa) has been pursued worldwide. The U .S program
has resulted in significant advances in the main enabling technology needed to achieve
these goals which is the development of high temperature alloys and fabrication
practices that will be necessary to withstand the conditions presented by the higher
temperature boiler and turbine environment for these Advanced Ultra Supercritical {A-
USC) plants.



The current program entering its Phase |l will leave only a limited number of additional
tasks that would complete the efforts that may be undertaken as a consortium. This final
phase or last lap (and subject of this paper) would result in the project being completed
by the end of 2014. The coliaborative and public funded effort will have thus been
completed providing U S. industry with the ability to demonstrate a 760°C plant by the
late 20 “teens”.

This is very important as Europe is acknowledged as having a lead in advancing the
technology of A-USC and has active plans for commercialization of a full-size utiity
power plant by approximately the year 2015, though it will be a 700°C whereas the U S
project is aimed at 760°C. Though the European Union (EU) initiated a comprehensive
program several years prior to the U S effort, and, has maintained the lead, the U.S.
consortium has considerably closed the gap and with a “last lap” effort, could
conceivably leap frog the Europeans to a higher efficiency type system in a relatively
short time.

The Europeans have employed a systematic plan to commercialization, which is classic
in approach and consistent with the U S program to date and recommended in the
follow-on work described below In parallel with the DOE/QOCDO study, EPRI has also

taken the initiative to recommend to their member public utilities a plan for deployment of

A-USC plant technclogy that is a phased appro ch known as UltraGen. The work

recommended here is consistent with the EPRI objectives within the pre-competitive
development phase, and dovetails well into the longer range plans that the UltraGen
initiative recommends.

These “final lap” activities necessary to lead to U.S commercialization are briefly
described below

DESCRIPTION OF APPROACH: The path to technological development consists of
three remaining general task areas  The first consists of continuing research in various
fields of metallurgical, fabrication, and design technology, building on the knowledge
gained in the earlier phases of research for both the boiler and turbine programs. '
Research tasks will be distributed between the industrial consortium members, as well
as ORNL, EPRI, and supporting laboratories and Universities. This task is being
undertaken now as the Phase Il of the current project

The second main task involves the design, fabrication, and operation of a component
test facility within an existing, operating coal-fired boiler that will allow testing of
candidate boiler materials under prototypic A-USC boiler conditions for a period of
approximately three years. This component test module (CTM) will involve boiler
segments representing various portions of the boiler, including the lower furnace and
superheat circuitry, including collecting steam headers, associated piping, and valves.
As an offshoot of this work, building the module will allow exploration of the ability of the
existing world-wide material suppliers to satisfy the needs of this emerging technology.
Components of the module will be instrumented to obtain data that can be compared to
design predictive models and thus verify accuracy of these analytical tools After a
suitable period of time in test, the module components will be removed and examined
using both non-destructive and destructive methods. In this manner, it will be possible to
directly assess the effects of long time exposure on these advanced engineered
components to typical A-USC environments and conditions. This will provide an



important benchmark for the laboratory based testing to be conducted over the course of
the program.

The third task involves the design and procurement of prototypically sized turbine parts
from the advanced material candidates. Turbine blades, rotors, and casings will need to
be made of materials new to that industry, as well as to the supplying material melters,
forgers, and heat treaters.

KEY GOALS: The envisioned research and development activities will validate the
technical and economic feasibility of the A-USC power plant, complete pre-competitive
data generation, and lay the groundwaork for activity to commercialize this technology.
The objectives are:

- Select best candidate alloys needed for the A-USC plant. Supply critical information
regarding each material's mechanical strength including long-term stability, physical
properties, resistance to oxidation and corrosion effects and thermal fatigue, fabricability
and weldability, as well as canvas the best candidate protective coatings available, and
determine appropriate generalized design procedures and strategies to assure best long
term service life

- Consider effects of increased amounts of CO, in the boiler operating environment,
that will result from accomplishment of CO, capture and storage, on materials of
construction.

- Determine the ability of the world-wide material supply network to supply forgings,
piping, and casting, of the necessary compaosition, quality, size, quantity, and cost to
support A-USC plant needs for both the boiler and furbine islands.

Demonstrate successful, long-term operation of prototypically sized boiler
components in an operating coal-fired boiler modified to develop A-USC operating
conditions of temperature and operating stress.

- Demonstrate the practical reality of Advanced Ultra Supercritical coal-based electric
power plants, with carbon capture, that can be operated with different coal types

- Produce the technical and economic data needed for these types of plants to gain
acceptance by the coal, electricity, and banking industries, and the public at large, as a
cost-effective means for producing electric power in a carbon constrained world.

4. Company Ability

Each of the consortium members are proven industrial erganizations providing power
generation systems currently from either the boiler or turbine perspective. The include:

Alstom Power

Foster Wheeler
Babcock Riley Power
Babcock & Wilcox
General Electric
Siemens Westinghouse



Electric Power Research Institute
Energy Industries of Ohio

5. DOE contribution. DOE’s cost share has not be established for this final phase or
last lap of the program. Currently DOE is providing approximately 65% of the project
costs. The remaining portion has been provided from the industry consortium and the
State of Chio

PROJECT COSTS: Costs for the “final lap” tasks are estimated as $40 M. This
amount is for covering general Tasks 2 and 3 outlined above as the Component Test
Module (CTM) design, material procurement, fabrication, erection, and other cooperative
efforts with the hosting public utility, instrumentation and data gathering, operating for a
period of three years, metallurgical analysis and assessment of the components and
materials, and design verification versus the actual data and performance measured and
observed covering both boiler and turbine components, and alsc addressing forging and
casting operations, and extensive quality control parameters.

SCHEDULE: The program is designed to support a competitive commercialization of
the A-USC technology by 2015. In order to achieve this, the earliest phases of CTM
desigh needs to be started by CY2008 in order {o allow for detailed design and material
procurement (1 1/2 year span), fabrication and erection in an operating boiler (one year
span), and a three year operating window. Material procurement is planned to begin no
later than CY2010

6. Issues

An industry consortium, particularly one comprised of competitors, has a number of
issues that require careful and deliberate acknowledgement. First, and probably most
important, are anti-trust considerations and the need to insure that all applicable state
and federal “restraint of trade” issues are adequately addressed

This issue was confronted through the development of a working “Memorandum of
Understanding” amongst the team members. Lines of demarcation and limits of
information sharing, Intellectual Property protection, and patent rights issues had to be
drawn. One area of potential conflict was the provision in federal contracting where the
non-profit organizations (EPRI) had different patent rights than those afforded to the for
profit organizations by the Department of Energy.

Besides addressing anti-trust and intellectual property issues, a means of governance
for the project was required to be put into place. This was accomplished by the
formation of Technical Steering Committee (TSC) charged with technical aspects of the
project and a Project Management Oversight Committee (PMOC) comprised of senior
level managers from each of the consortium members.

The duties of the TSC were limited to overseeing technical aspects of the project and
conduct monthiy teleconferences and quarterly meetings. The PMOC has needed to
meet only rarely to resolve managerial issues that were outside the scope of the TSC
charter such as developing communication strategies for working with organizations
such as the Coal Utilization Research Consortium (CURC) and only a few other issues.



Other issues that required to be resolved were that for a multi-task project, the Team
Leaders in many cases were from one organization requiring other consortium members
to be in a somewhat subservient role Given that all team members assumed
Leadership for at least one Task, there has not been any difficulty with this issue.

Another issue was funding. The Federal budget runs from October 1 through
September 30 whereas the State of Ohio’s is from July 1 through June 30 and many of
the consortium members operate on a calendar year. This meant developing budgets
for each of the funding sources and then because of legislative issues precluding
passing the budgets in a timely fashion, often times having a considerable time lag of
funding actually being released to the project, careful attention to allocations and
spending rates has permitted E!O to manage through these situations.

Finally, a defined communication protocol aided the project immensely. Given that the
consortium consist of 6 different industrial members, the Electric Power Research
Institute and collaboration with Oak Ridge and Albany National Laboratories, Energy
Industries of Ohio was required to maintain close monitoring of technical and business
progress of each of the members.

7. Other information

This working consortium of the power generation industry is the first time the power
generation industry has worked together on pre-competitive technology. The only other
consortium of this magnitude has been the US Car program where Detroit's Big Three
have joined for other pre-competitive technologies The model undertaken for the USC
project has proven to be very successful and has worked very well. The possibility for
seeing the program through the pre-competitive stages and regaining international
leadership for Advanced UltraSuperCrititcal systems by U S industrial firms is an
opportunity that should be considered very heavily by the reviewers given the cost and
need for strategies to address CO2 constraints.



COMMENTS ON REVISED FUTUREGEN

Bryan Hannegan, Vice President, Environment and Generation
The Electric Power Research Institute (EPRI)

3420 Hillview Avenue

Palo Alto , California 94303

650-855-2858

The Electric Power Research Institute, Inc, a tax exempt, non-profit, 501(c)(3)
collaborative research and development organization with principal locations in Palo
Alto, California, Chailotte, North Carolina, and Knoxville, Tennessee (*EPRI”)
appreciates the opportunity to provide input and comments on the Department of
Energy’s plan to restructure FutureGen.

EPRI’s comments address the following:

¢  Clarifying questions on the restructured FutureGen plan.

¢ Design changes and cost estimates for the addition of CO, Capture and Storage .
(CCS) to a single train of a two-train Integrated Gasification Combined Cycle
(IGCC) plant not previously designed for CCS.

e Accelerating Research Development and Demonstration (RD&D) on Advanced
Coal Technologies with CO,; Capture and Storage—Investment and Time
Requirements.

o Comments on whether the revised FutureGen approach should allow for advanced
coal technology systems, other than IGCC, which also would meet the
performance requirements. '

Clarifving Questions on the DOE RFI

According to the RFI, DOE will contribute not more than the incremental cost associated
with CCS technology for the single power train.

The additional costs for adding CCS to an IGCC plant include:

o Capital costs to cover the process modifications necessary for 90% CO; capture
¢ Operations and maintenance (O&M) costs for the additional units

¢ Lost revenue from power sales due to the additional auxiliary power use for
capture and CO; compression

o Capital costs for CO; pipeline and CO; injection for sequestration
¢ Possible capital and O&M if pipeline length 1equires recompression

¢  O&M costs for pipeline transportation, sequestration and monitoring.



Clarifying Questions:

1. TIs it the intent of DOE to cover a) the extra capital costs b} the extita O&M costs
c) the lost power cost d) the pipeline, monitoring and sequestration costs
(including pipeline compression power costs)?

2. Over what period of operation (how many years) will DOE cover the CCS costs?

3. Some IGCC projects are under consideration for the co-production of other

chemicals or fuels (Synthetic Natural Gas, Methanol, Coal to Liquids, etc — often

- referted to as polygeneration). Will DOE considet the support of CCS at such
polygeneration projects under this restructured initiative? '

Desien Changes for the Addition of CCS to a single train of a two-train IGCC plant
not previously designed for CCS.

IGCC Design changes for 90% CO; Capture. The main changes in design for capture are
the addition of shift reactors and a CO; temoval process.

The shift reaction CO + H,0 = CO, + H; is exothermic. This results in a reduction in the
chemical energy in the syngas so that it now is insufficient to fully load the gas turbine

Additional coal would need to be processed to provide enough syngas to fully load the
gas turbine The percentage increase will depend on the gasification process. Dry coal-fed
processes will requite a somewhat greater increase than slurry-fed processes because the
CO content of the syngas is higher. (The estimated increased coal feed in the referenced
papers are in the range 2-9%) The following changes would be 1equired if the plant is to

be able to fully load the gas turbine:

» More coal handling and feed system capacity

e A larger Air Separation Unit (ASU) to provide the additional oxygen (perhaps an
additional Main Air Compressor (MAC)) See Note 1.

e A larger gasifier to handle more coal and oxygen

e Laiger gas cleanup and piping to handle the increased syngas flow

An alternative is to accept the lower output from the originally sized plant This would
mean an additional loss of net power of approximately the same 2-9%, depending on the
technology.

The addition of the shift reactor increases the volume of the dry gas flow to the Acid Gas
Removal (AGR) H,S removal system by 40-60%, depending on the gasification process.
If the original design used a physical solvent (e g. Selexol) for HS removal, then either a
new parallel absorber column will be needed to accommodate the additional flow of
syngas from the shift reactors or a completely new absorber designed for the full flow
must be added In all cases a new CO, absotber/stripper system must be added.



The addition of 90% capture to a train will require the following changes:

o Replacement of COS/HCN hydrolysis reactor with 2 stages of sour shift reaction
¢ Additions to syngas cooling train for the shift reactors

¢ Additions to, or replacements of, the AGR used for H,S removal to accommodate
the increased diry syngas flow

¢ Addition of a new absorber/stripper system to recover CO; as a separate by-
product

e Upgrade of the demineralizer water treatment and storage system

e Addition of intermediate presswe steam for water-gas shift reaction (in some
cases)

e Modifications to the gas turbine combustion system to accommodate the
combustion of hydrogen-rich gas, possibly including more addition of diluent
nitrogen or moisture (steam)

s Heat Recovery Steam Generator Low Pressure superheater modifications
¢ Addition of CO; drying and compression to 2000 psig (138 barg)

* Possible adjustments to the CO, composition (e.g H,S content) depending on the
pipeline quality requirements.

Note I For many of the designs without capture, ~30-40% of the air supply for the ASU
1s extracted from the gas twbine compressor. If the turbine supplier indicates no air can
be extracted when firing hydrogen in the gas turbine, another air compressor would be
needed to fully supply the ASU when capture is added.

Additional Costs for adding CCS to IGCC. The additional costs for adding CCS 1o an
IGCC plant include: '

s Capital costs to cover the process modifications listed above necessary for 90%
CO; capture

¢ Operations and maintenance (O&M) costs for the additional listed units

¢ Lost revenue fiom power sales due to the additional auxiliary power usage for
capture and CO, compression

o Capital costs for CO, pipeline and CO, injection for sequestration
e Possible capital and O&M if pipeline length requires recompression

e O&M costs for pipeline transportation, sequestration and monitoring

References: The following publicly available references can be used to obtain more
information describing the processes and design changes involved in the addition of CCS
to IGCC designs and estimates of the additional costs:



DOE/NETL- 2007/1281 “Cost and Performance Baseline for Fossil Energy Plants”
Revision 1, August 2007,

“Preliminary Economics of SCPC & IGCC with CO; Capture & Storage.” N Holt
(EPRI) presented at the 2nd IGCC & XtL Conference, Freiberg, Saxony, Germany
May 9 -10, 2007.

“Phased Constiuction of IGCC Plants for CO; Capture- Effect of Pre-Investment”
December 2003, EPRI Report # 1004537, Available fiom EPRI public domain website
and DOE/NETL Fossil Enetgy website.

“Potential for Improvement in Gasification Combined Cycle Power Generation with CO,
Capture” by Foster Wheeler for the IEA GHG program April 2003 Available fiom the
IEA GIHG website.

Cost estimates for the Addition of CCS to a single train of a two-train IGCC plant

Duke Energy’s Edwardsport IGCC Plant will be about 750 MW gross or 375 gross

MW/train 90% capture on one train yields approximatelyl.6 million tons per year CO,

for sequestration and reduces ret MW output by about 40 MW from 630 to 590 MW.

The extra capital for captute on one train is an estimated $80-100 million but may be
more if it is a retrofit.

Extra O&M is estimated at approximately $1.5/MWh or $6 3 million/year. For 10 years
the additional O&M would be an estimated $63 million.

Replacing the 40 MW lost power at $65/MWh equals $18.2 million per year. For 10
years the power replacement cost would be $182 million

Pipeline costs obviously depend on location If 100 miles of pipeline are required to get
the CO; to the storage site, at a cost of $1 million/mile the pipeline cost would be $100
million. Actual pipeline costs will vary with terrain, throughput, etc

Both DOE NETL and EPRI have estimated the incremental cost of adding CCS to an
IGCC plant at about 30 $/MWh. These estimates are based on 20- and 30-year plant
lives, respectively. If the capital is to be paid off in a shorter time, these estimates will
1ise. The Department of Energy is interested in funding multiple demonstrations of CCS
technology at a commercial scale of at least 300 gross MW per unit plant power train.
300 MW at $30/MWh at 80% CF for 10 years results in a cost of $630 million. Ifitis the
intent to pay for one project for its life of 20 years, the cost would be $1.26 billion and
DOE’s $1 .3 billion would fund only one project. Therefore, the intended funding period
for DOE suppoit is a key consideration



Accelerating RD&D on Advanced Coal Technologies with CO; Capture and Storage

Thiough the development and deployment of advanced coal plants with integrated CO,

capture and storage (CCS) technologies, coal power can become part of the solution to
satisfying both our ¢nergy needs and our global climate change concerns. However, a
sustained RD&D program at heightened levels of investment and the resolution of legal
and regulatory unknowns for long-tetm geologic CO, storage will be required to achieve
the promise of advanced coal with CCS technologies. Through teseaich obtained in
EPRI’s CoalFleet for Tomorrow® program—a tesearch collaborative comprising more
than 60 organizations ftom five continents representing U.S. utilities, international powet
generators, equipment suppliers, government iesearch organizations, coal and oil
companies, and a railroad—EPRI sees crucial 1oles for both industty and governments
worldwide in aggressively putsuing collaborative RD&D over the next 20-plus yeais to
create a full portfolio of commercially self-sustaining, competitive advanced coal power
generation and CCS technologies

The portfolio aspect of advanced coal with integrated CCS technologies must be
emphasized because no single advanced coal technology (ot any generating technology)
has clear-cut economic advantages across the range of U.S. applications. The best
strategy for meeting future electricity needs while addressing climate change concerns
and minimizing economic disruption lies in developing a full porifolio of technologies
from which power producers (and their regulators) can choose the option best suited to
local conditions and preferences, and provide power at the lowest cost to the customer.
Toward this end, four major technology efforts related to CO, emissions reduction from
coal-based power systems must be undertaken:

1. Increased efficiency and 1eliability of integrated gasification combined cycle (1GCC)
power plants

2. Increased thermodynamic efficiency of pulverized-coal (PC) power plants

3. Improved technologies for capture of CO, fiom coal combustion- and gasification-
based power plants

4. Reliable, acceptable technologies for long-term storage of captured CO,

Identification of mechanisms to share RD&D financial and technical risks and to address
legal and regulatory uncertainties must take place as well

In short, a comprehensive 1ecognition of all the factors needed to hasten deployment of
competitive, commercial advanced coal and integrated CO; capture and storage
technologies—and implementation of realistic, pragmatic plans to oveicome barriers—is
the key to supplying affordable, environmentally responsible energy in a carbon-
constrained world.

Figure 1 is an illustration from EPRI’s report entitled, “The Power to Reduce CO,
Emissions — the Full Portfolio”(available at www epti com), which depicts the major
activities in each of the four technology areas which must take place to achieve a robust
set of integral advanced coal/CCS solutions. Important but not shown in the figure are the
interactions between RD&D activities. For example, the ion transport membrane (1TM)



oxygen supply technology shown under IGCC also can be applied to oxy-combustion PC
units. Further, while the individual goals related to efficiency, CO; captute, and CO,
storage present major challenges, significant challenges also arise from complex
interactions that occur when CO, capture processes ate integrated with gasification- and
combustion-based power plant processes.

Advanced Coal Plant Performance Pulverized Coal: : :
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reports org/DiscussionPaper 2007 pdf

Figure 1 — Timing of advanced coal power system and CO, capture and storage RD&D
activities and milestones

RD&D Investment for Advanced Coal and CCS Technologies

Developing the suite of technologies needed to achieve competitive advanced coal and
CCS technologies will 1equire a sustained major investment in RD&D. As shown in
Table 1, EPRI estimates an expenditure of approximately $8 billion will be required in
the 10-year period from 2008-17. The MI1 Future of Coal 1eport estimates the funding
need at up to $800-850 million per year, which approaches the EPRI value Further,
EPRI expects that an RD&D investment of roughly $17 Billion will be 1equired over the
next 25 years.

Investment in eatlier years may be weighted toward IGCC, as this technology is less
developed and will require more RD&D investment to reach the desired level of
commetcial viability As interim progress and future needs cannot be adequately forecast
at this time, the vears after 2023 do not distinguish between IGCC and PC.



Table 1 — RD&D Funding Needs for Advanced Coal Power Generation Technologies with
CO; Capture

2008-12 201317 2018-22 2023-27 2028-32

Total Estimated RD&D
Funding Needs $830M/yr 3800M/yr | $B800M/yr B620Myr | $400M/yr

(Public + Private Sector s}

Advanced Combustion, CO,»

25% 25% 40%
Capture :
Integrated Gasification 80% 80%
Combined Cycle (IGCC), CO; 50% 50% 40%
Capture '
CO, Storage 25% 25% 20% 20% 20%

By any measure, these estimated RD&D investments are substantial. EPRI believes that
by promoting collaborative ventures among industry stakeholders and governments, the
costs of developing critical-path technologies for advanced coal and CCS can be
shouldered by multiple participants. EPRI also believes government policy and incentives
also will play a key role in fostering CCS technologies through early RD&D stages to
achieve widespread, economically feasible deployment capable of achieving major
reductions in U.S. CO, emissions.

Comments on whether the revised FutureGen approach should allow for advanced
coal technology systems, other than IGCC, which also would meet the performance

requirements

As stated previously, the portfolio aspect of advanced coal with integrated CCS
technologies must be emphasized because no single advanced coal technology (or any
generating technology) has clear-cut economic advantages across the range of U.S.
applications EPRI and industry representatives have proposed a program to support
commercial projects which demonstrate advanced PC and CCS technologies. The vision
entails construction of two (o1 more) commercially operated USC PC power plants which
combine state-of-the-art pollution controls, ultra-supercritical steam power cycles, and
innovative CO; capture technologies. The projects described below would meet the
restructured FutureGen performance requirements:

UltraGen UltraSupercritical (USC) Pulverized Coal (PC) Commercial Projects.

The UltraGen I plant will use the best of today’s proven ferritic steels in high-temperature
boiler and steam turbine components, while UlttaGen II will be the first plant in the
United States to feature nickel-based alloys able to withstand the higher temperatures of
advanced ultra-supercritical steam conditions.

UlttaGen I will demonstrate CO, capture modules which separate about 1 million
tons CO,/yr using the best established technology. This system will be about 6 times the
size of the largest CO; capture system operating today (and that unit does not process flue
gas from a coal-fired boiler). UlttaGen 11 will tieble the size of the UltraGen I CO,



capture system, and may demonstrate a new class of chemical solvent if one of the
emerging low-tegeneration-energy processes has reached a sufficient stage of
development. Equally, provided the technology is available, UltraGen II could be an oxy-
combustion boiler Both plants will demonstrate ultra-low emissions and will utilize
conirol technologies identified by the DOE emission control programs. Both UltrtaGen
demonstration plants will dry and compress the captured CO, for long-term geologic
storage and/or use in enhanced oil or gas 1ecovery operations

Figure 2 depicts the proposed key features of UltraGen I and II.
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Figure 2 — Key parameters for UltraGen | (upper schematic) and UltraGen Il (lower
schematic), assuming a subbifuminous feed coal such as Powder River Basin



The final project in the series is UlttaGen III, which will operate with main steam
temperatures up to 1400°F and, with boiler system design improvements, has the
potential to achieve generating efficiencies of up to 50 percent This project will use
matetials qualified in the DOE’s curtent boiler and steam turbine materials program. The
UlttaGen Initiative identifies the need for a test facility, ComTes-1400, to test materials
and components in support of UltraGen II1. Such a test facility is proposed within the
DOE materials program and EPRI encourages its implementation

To provide a platform for testing and developing emetging PC and CCS technologies, the
UltraGen program will allow for technology trials at existing sites as well as at the sites
of new projects. Like the plan for the restructured FutureGen, EPR] expects the UlttaGen
projects will be commercially dispatched by electricity grid operators. The differential
cost to the host company for demonstrating these improved features are envisioned to be
offset by any available DOE demonstration funds, tax credits (or other incentives) and by
funds raised through an industry-led consortium formed by EPRI

The UltraGen projects represent the type of “giant step” collaborative efforts that need to
be taken to advance integrated PC/CCS technology to the next phase of evolution and
assure competitiveness in a carbon-constrained world. Because of the time and expense
for each “design and build” iteration for coal power plants (3 to 5 years, not counting the
permitting process, and ~$2 billion), there is no toom for hesitation in terms of
commitment to advanced technology validation and demonstration projects.

The UltraGen projects will resolve technical and economic bartiers to the deployment of
USC PC and CCS technology by piroviding a shared-risk vehicle for testing and
validating high-temperature materials, components, and designs in plants also providing
supetior environmental performance.



EXCELSIORY w ENERGY

Response to the Request for Information on the Department of Energy’s Plan to Restructure
FutureGen

M. Keith R. Miles

Office of Coal and Power Research and Development

U.S. Department of Encrgy/National Energy Technology Laboratory
PO Box 10940

626 Cochrans Mill Road

Pittsburgh, PA 15236-0940

INTRODUCTION

Excelsior Energy, Inc., (“Excelsior™) is a current partner with the Department of Energy
(*DOE”) in the Mesaba Energy Project (the “Mesaba Project” o1 the “Project”™), having been
selected in 2004 for an award under Round II of the DOE Clean Coal Power Initiative and again
in 2007 as one of sixteen Pre-Applicants to begin negotiations with DOE for a loan guarantee as
authorized under Title XVII of the Energy Policy Act of 2005. Excelsior understands that
DOE’s intention, as expressed in its Request for Information (“RFI™) is to restructure the
FutureGen project “to ensurs that it more closely reflects the immediate and future needs of the
Nation, its power sector, and the taxpaying public.” Excelsior offers these comments to assist
the DOE in structuring a future solicitation that will ensure the immediate and future needs
referenced in the RF1 are met in the most timely, cost-effective, and realistic way possible.

We strongly agree that there is a “need for demonstrating the commercial viability of a new
generation of advanced coal-based power systems that can cost effectively be coupled with”
carbon capture and storage subsystems (“CCS”). We believe, however, that some adjustments
should be made to the revised approach to FutureGen described in the RFI in o1der to ensure that
1eal progress is made as soon as possible given the cutrent status of IGCC technology to, as the
RFI notes, “produce electricity from coal . . . in ways that mitigate the atmospheric emissions of

carbon dioxide (CO2)”

Excelsior recommends three changes to the proposed project requirements, described below, to
best achieve FutureGen’s primary goals: (1) modify the requirement for approximately 90% CO2
CCS on one nominal 300 MW train, (2) expand the annual CCS requirement of one million
metric tons in a saline aquifer to include enhanced oil recovery (“EOR™) on at least an equal
footing, and (3) remove unnecessary constraints on eligible projects with regard to sulfur and
nitrogen oxides removal

These three changes will broaden the eligibility of projects that may be considered for awards
under a restructured FutureGen to include commercial (in contrast to research and development)
IGCC projects currently in the advanced stages of development, thereby better reflecting actual

11100 WAYZATA BOULEVARD, SUITE 305 424 ROQSEVELT AvE., P.O. Box 227
MINNETONKA, MN 553085 COLERAINE, MN 55722
PHONE 952,847 2360 FPHONE 218.245.1205

Fax 252.847.2373 Fax 218 245 1604
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conditions in the marketplace and ensuring that taxpayer investment results in the eatliest
possible sequestration of CO2 emissions at the lowest possible cost

CONCERNS WITH THE PROPOSED APPROACH

While we applaud DOE’s desire to emphasize early-commercial technology demonstrations and
to eliminate the “living laboratory” aspect of the original FutwreGen, we do not share DOE’s
view of the current marketplace with respect to the progress of previously planned integrated
gasification combined cycle (“IGCC”) coal-fired power plants. Nor do we believe that the
revised approach described in the RFI ¢ither truly eliminates the living laboratory or realistically
“build{s] on current power market trends *

At one time, as DOE notes, there were indeed mote than 30 IGCC projects in various proposal
stages Today, however, just a handful are progtessing forward. While DOE identifies
“uncertainties regarding future CO2 emissions regulations” and the “actual costs of constructing
and operating IGCC-CCS power plants” as major barriers to IGCC deployment, it is the
perceived technology risk of these “first mover” facilities without CCS and the need for a
competitive cost of electricity (“COE”) for IGCC without CCS that present the highest bartiers to
commercial deployment in today’s marketplace. Excelsior’s proposed modifications to the RF1
requirements address these major barriers to [GCC deployment while substantially moving
forward on the path to achieving FutureGen’s primary goal: mitigating the atmospheric
emissions of CO2 while maintaining the Nation’s ability to utilize its lowest cost and most
abundant domestic energy resource.

ALLOW LOWER LEVELS OF CAPTURE AND STORAGE (30% SUBBITUMINOUS COAL) IN A
STAGED APPROACH

A 90% capture level was appropriate for a “living laboratory” like the originally proposed
FutureGen project, but a 30% CCS level is most suitable for a commercial IGCC facility using
subbituminous coal as a feedstock.| The 90% capture level introduces unacceptably high levels
of cost, technology, operations and maintenance, financial, and environmental rigk to a
commercial facility—as well as presuming the availability of a hydrogen-based combustion
turbine Excelsior believes that a 30% capture level is a more reasonable goal for a first-of-a-
kind commercial-sized IGCC project. Our belief is that once capture and sequestration is “proven
up” at the 30% level, DOE can then move on to fund “phase 27 CCS plans at the 50-60 % level,
followed by 90% thereafter. This staged approach is key to ary successful demonstiation and
commercialization effort, especially one so critical to our country’s efforts to stabilize
atmospheric concentrations of CO2

When utilizing subbituminous fuel, more than 30% of total carbon from the feedstock is present
in the undiluted and pressurized pre-combustion syngas stream as CO2 and 85% of this CO2 can
be separated with existing commercial technologies, resulting in a 30% reduction in overall CO2

! Lower levels of capture from an IGCC plant using bituminous coal feedstocks would likely be in the range of 15—
20% of the carbon present in the feedstock due to the higher energy output of bituminous feedstocks. The main
point in response to the RFI is that lower leveis of carbon capture that do not require a water gas shift reactor are the
most economic and commercially viable means to obtain “real-world” data as soon a3 possible relating to material
volumes of captured CO2 from the first fleet of ICGG-CCS power plants.
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emissions from the IGCC plant, This can be done without the need for a water gas shift reactor,
making it the most efficient and economic means of capture  The CO2 removal system can be
included in the initial IGCC plant or easily added later as a retrofit since no other plant
modifications would be required. This low-cost 30% capture option will produce a CO2 stream
of more than 1 million tons per year when applied to both trains of the Mesaba Project,
facilitating a demonstration of CCS that is critical to the DOE’s research, development, and
commercialization path for IGCC with CCS. The Mesaba Project, designed to use
subbituminous coal as its reference fuel, has a base case design that provides sufficient plot space
to accommaodate the addition of CO2 capture facilities, which will be included in the initial plant
design during FEED.

However, because no IGCC plant has ever been operated with one or more shift reactots, each
stage of shift reaction introduces additional fisst-of-a-kind technological challenges that could
undermine and delay the goal of rapidly deploying and demonstrating IGCC with CCS. In
addition, each stage of shift reactor will dectease the overall efficiency and output of an IGCC
plant, thereby imposing additional material increases in the COE from an IGCC plant that again
will likely undermine and delay the goal of rapidly deploying and demonstrating IGCC with
CCS.

As indicated above, in addition to supporting a 30% CCS level for the FutureGen RFP, Excelsior
urges DOE to employ a staged, modular approach to implementing CCS on the first generation
of commercial IGCC plants A staged approach to CCS will allow projecis to first demonstrate
the technical and economic feasibility of a multiple-train, utility-scale IGCC plant Following
commercial operation, projects with base case designs to accommodate CCS equipment can
commence capture This staged approach allows projects already in progress to move forward
with their current plant designs while the environmental and regulatory approvals of a CO2
pipeline and sequestration site progresses.

This “multitasking” concept is the most timely and cost efficient way to accelerate CCS by
avoiding a necessary increase in the size and complexity of the first-mover IGCC projects
beyond what a single project can support at inception. Advancing the CCS project sepatately
from the power plant enhances project feasibility from both the permitting and financing
perspectives for both the initial IGCC plant and the CCS Plan. This modular approach requires
both allowing projects to pursue commercial 30% CCS technology and allowing simultaneous
construction of the facility and EIS/permitting work on the pipeline and sequestration site.

PROMOTE CAPTURE AND STORAGE COMBINED WITH EOR

fn order both to minimize costs to ratepayers and taxpayers of CCS demonstration and to
enhance our Nation’s energy secutity, it is logical that projects take advantage of opportunities. to
combine CCS with EOR whenever possible. Rather than requiting every project receiving an
award under a restiuctured FutureGen to sequester one million metric tons annually in a saline
storage formation, and permitting only tonnage above that amount to be used for EOR, projects
designed to demonstrate the economics of power plant CO2 emissions capture and transport for
EOR should also be eligible
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The interplay between anticipated CCS costs (capital, transport, operating and maintenance,
monitoting, etc.) and revenues from EOR could provide an opportunity to explore a creative
financing package with DOE and the financial community. The possibility of EOR revenues
could impact the amount of DOE’s cost share, potentially reducing the amount of funding
required from DOE or perhaps allowing for repayment of amounts funded by DOE, either as a
percentage or in absolute terms.

CONFORM 10 EMISSIONS STANDARDS SET FORTH IN THE ENERGY POLICY ACT OF 2005

In its RF[, DOE maintains that one of its objectives is to, “Demonstate the practical reality of
IGCC with CCS coal-based electric power plants operated with different coal types.” It appears
that the 99% sulfur removal requirement—as with the other requirements, a carry-over from the
original conception of FutureGen—has been wiitten from the perspective of using only
bituminous coal as a feedstock. Projects using subbituminous coal should not be disadvantaged
by being held to a standard appropriate for bituminous, and we recommend that this requirement
be revised to conform to similar requirements found in the Energy Policy Act of 2005.

Specifically, where subbituminous coal is 80% or more of fuel input, then the SO2 requirement
should be phrased as a requirement to achieve an emissions rate of not more than 0.04
Ibs/MMBTU. Also, other criteria pollutant emission levels beyond BACT should not be
imposed. For example, the NOx emission level in the RFI would requite selective catalytic
reduction (“SCR”), which has never been demonstiated on any IGCC project The Mesaba
Project is being permitted with nitrogen diluent which we believe is BACT for IGCC NOx
control at this time.

Overlaying the additional cost, technology, performance, and liability risks associated with CcCS
at the 90% scale onto an existing IGCC project envisioned in the RF1 is, we believe, unlikely to
result in a successful project that can achieve commercial operation. Further, the RFI imposes a
counter-productive restriction on CO2 sequestration for enhanced oil recovery (“EOR”) and an
unnecessary constraint on eligible projects with regard to sulfur and nitrogen oxides removal.
Changes in those three areas are likely to attract more competitive projects that can actually be
constructed in the time-line DOE envisions, and at a cost that delivers the best value per ton of
CO?2 sequestered These modifications will ensure that DOE can invest taxpayer funding in a
variety of projects and carni be confident that CO2 emissions will be sequestered at commercial
scale. Indeed, with these revisions-—along with appropriate sequestration monitoring and
liability sharing provisions—Excelsior would be very interested in adapting the Mesaba Project
to participate in the restructured FutureGen program

PROJECT DESCRIPTION

The Mesaba Energy Project is an IGCC electric power generating station using subbituminous
coal as its reference fuel, with nameplate capacity of 770 MW, a gross output of 740 MW, and
nominally rated to deliver 606 MW (net) of electricity. Excelsior, an energy development
company based in Minnetonka, Minnesots, is developing the Project on behalf of its affiliate,
MEP-1 LLC (“MEP-I"). Excelsior initiated development of the Mesaba Project in 2001, has
achieved numerous significant milestones, and is on schedule to begin construction in 2009 and
commence operations in 2013
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The Mesaba Project is one of the most advanced IGCC projects in the country and has received
significant public support, both financial and otherwise, at the local, regional, state, and national
levels. The Project sponsors, supporters, and partners have spearheaded state and federal efforts
to encourage both the deployment of IGCC and the development of carbon capture options.

The Project was selected to receive $36 million of funding in Round II of the DOE Clean Coal
Power Initiative The Mesaba Project was selected based on its contribution to the DOE priority
of commercializing gasification-based electricity production.

In the last twelve months, significant progress has been made on environmental permitting,
transmission siting, and required Midwest Independent Transmission System Operator (“MISO”)
transmission network upgrades, regulatory approvals, and the Process Design Package (“PDP”)
related to the Project In late 2007, the Pioject was selected as one of sixteen Pre-Applicants
invited to submit a full Application for a Federal loan guarantee authorized under the Energy
Policy Act of 2005 Excelsior has also applied for Federal tax credits, which if awarded will
further strengthen the Project’s leading capability to demonstrate the commercial viability of
IGCC.

In 2007, the Electric Power Research Institute (“EPRI") used the design of Excelsior’s Mesaba
Energy Project as the basis for its first pre-design specification for an IGCC plant using
subbitiminous coal feedstock. The pre-design IGCC plant specitication summarizes technical
information in the permit application for the plant The data is critical for regulators in
determining whether to grant approvals to utilities to build these new state-of-the-art generation
plants. EPRI analyzed data that was available in the permit application filing and condensed
thousands of pages into a 183-page document. This work is being performed as part of EPRI’s
CoalFleet for Tomorrow Program, a colaborative involving more than 50 power industry
companies to encourage the early deployment of advanced coal power gereration technology. A
key aspect of the CoalFleet program is to promote standardization of design, which lowers initial
capital cost, suppotts repeatable, reliable performance, and reduces the time to develop an IGCC
plant.

The Project is expected to be one of the first multi-train IGCC facilities and is being
implemented with a commercial structure to provide power at a competitive price. In doing so, it
will demonstrate that IGCC is a commercially viable power generation option, thereby directly
addressing one of the remaining obstacles to widespread market penetration of this critical
component of the nation’s energy and environmental strategy

Excelsior has proposed a plan for CCS to the Minnesota Public Utilities Commission (“MPUC”)
and expects that the Project will be the first demonstration of significant CCS from a fossil
fueled power generation plant. It will utilize commercially available carbon capture technology
to capture up to 30% of the CO2 from the plant, commencing when the MPUC approves the plan
to do so.
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MESABA ENERGY PROJECT: PLAN FOR 30% CARBON CAPIURE AND STORAGE

Excelsior has identified the opportunities for capture and sequestiation of CO2 emissions from
the Mesaba Project based on work conducted by the Energy and Environmental Research Center
(*EERC”) at the University of North Dakota (DOE’s program manager for the Plains CO2
Reduction Partnership (“PCOR”)) Excelsior has undertaken significant CCS planning as an
active member of the PCOR, one of the regional DOE-sponsored partnerships  The activities
conducted under this partnership initiative are divided into the thiee following phases: (1)
characterizing carbon sequestration opportunities (such Phase I activities conducted 2003-2005),
(2) conducting small scale field tesis to validate such opportunities (Phase I conducted 2005-
2009), and (3) conducting commercial-scale, long term carbon sequestration projects (Phase II1
conducted 2008-2017). As part of the Phase II efforts of the PCOR initiative, Excelsior
contracted with the EERC to assess CO?2 pipeline routes and sequestiation options that would be
important components of a future carbon management prograin for the Project In its
characterization of such options, PCOR identified and generally prioritized carbon sinks that are
compatible with the composition of the CO2 gas streams that can be removed from the syngas
produced by the Project.

This CCS plan was prepared to provide a concrete option for the State of Minnesota to meet its
obligations under future CO2 regulations that will affect coal-fired power plants, including the
Mesaba Energy Project. Excelsior undertook the plan with the goal of providing the MPUC with
information about all options available now and in the future with respect to carbon management
through capture and geological sequestration from the Mesaba Project  This plan would foim the
basis of another partnership with DOE under a restructured FutureGen approach, and could result
in a commercially viable CCS demonstration from the Project at least one year eatlier than the
schedule envisioned by DOE in its RFI

Through DOE funding, the additional capital and operating costs to ratepayers of implementing
CCS would be reduced The benefits would include revenues from EOR and the ability to cost-
effectively comply with legislation limiting or regulating carbon dioxide emissions, whether in
the form of avoiding carbon taxes or the purchase of allowance ciedits, o1 the ability to reduce
carbon emissions to levels specified on a fleetwide o1 statewide basis.

The least-cost option for CCS presented by the Mesaba Project entails capture and sequestration
carbon dioxide present in the syngas, which represents greater than 30% of the total carbon
dioxide emissions from the plant Technologically, this option would entail the installation of
amine scrabbers downstream of the acid gas removal system in the IGCC power stations to
remove up to 85% of the CO2 in the synthesis gas that fuels the plants, resulting in an overall
CO?2 capture rate of 30% for the plant. This technology is available now to achieve 30% capture
at a relatively low cost. This option could be implemented as early as 2015, following the
commercial operation date for the first unit of the Mesaba Energy Project. Implementation of
CCS prior to the availability of credits or carbon avoidance benefits would rely exclusively on
DOE funding and revenues that may be available from EOR Sequestration at EOR sites would
have higher costs, due to the longer distances to the candidate oil fields, than would sequestration
in saline formations closer to the plant site. Those additional costs would be weighed against the
revenues that would accompany the supply of CO2 for EOR
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I an EOR scenario, the captured CO2 would be transported via pipeline to oil fields in the
Williston Basin in Noith Dakota, southwestern Manitoba, and/or southeastern Saskatchewan.
Once the CO2 arrives at its destination, it would be sequestered underground in connection with
EOR operations. Alternatively (o1 perhaps in addition to the EOR scenario), the saline formation
scenario would entail transporting the CO2 to a saline formation located in North Dakota but
much closer to the plant site, thereby reducing pipeline costs but eliminating (or reducing) the
revenues associated with the sale and beneficial use of the CO2,

CONCLUSION

Excelsior appreciates the opportunity to comment on the proposed restructuring of the FutureGen
approach. We applaud DOE for making the determination that a number of different,
commetcial-oriented sequestration projects will provide greater validation of combining
advanced coal-fired electricity genération with CCS technology than one large, primarily
govemnment-funded project By adopting the changes we recommend, DOE can ensure that it
will receive the widest possible range of competitive bids and thereby secure the earliest possible
and most meaningful demonstration of sequestration at the lowest net cost
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Sincerely,

Thomas Michelettff Co-Chief Executive Officer

Julie Jorgensen, CazChief Executive Officer

Point of contact for purposes of this response:

Dick Stone, Senior Vice President, Development and Engineering
Email: DickStone@excelsiorenergy.com

Phone: 952-847-2360



ALLIANCE

“Clean Enéray for a Secure Future

FutureGen Alliance ‘
Response to DOE’s Request for Information

March 3, 2008

Climate change is one of the most pressing environmental concerns, and it is clear that
Congress intends to develop policies to address the concern. Irrespective of which
specific climate policy is ultimately adopted by the U .S, the success of that policy and
our economic future, will hinge on the availability of affordable low-carbon technology
Nuclear, renewables, biomass, and efficiency will all be part of the low-carbon
technology solution However, given that coal is used to genetate over 50% of the
electricity in the U S and is projected to remain the backbone of the U S electricity
system for most of this century, the availability of affordable, near-zero emission coal
technology, incorporating carbon capture and sequestration (CCS), is essential to our
future

The Federal government has a pivotal role to play in fostering the development and
deployment of near-zero emission coal technology It is important that, as a nation, we
invest at the scale required to develop, prove, and deploy CCS technologies to the
marketplace While estimates vary, the required investment is certainly in excess of
$10B over the coming decade. This investment in our nation’s future must be supported
by the development and demonstration of neat-zero emission coal technologies and CCS
in a variety of applications

The U S. Department of Energy is to be commended for its vocal support of near-zero
emission coal technology, including CCS. Iis suppoit of this technology was recognized
in its initial support of the FutureGen project as originally envisioned, but

the Department’s proposal to restructure FutureGen fails to recognize the scale of the
challenge that this nation, and indeed the world, is facing. [t delays technology
development and integrated demonstration of commercial scale CCS by five yeats or
more. It backs away from a non-profit partnership that has been created to act in the
public benefit and broadly share its technical results throughout the world. It rebuffs the
participation of international companies (and countries) that are ctitical to the ultimate
deployment of clean coal technology around the world; and it undermines the reliability
of the U.S. Department of Energy as a partner.

Therefore, regardless of what other projects that the DOE proposes, it is essential that the
Department reaffirms the agency’s position as a global leader in near-zero emission coal
technology and CCS development by maintaining its historical position that FutureGen at
Mattoon is the top priority project in advancing CCS technologies.
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FutureGen Alliance
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FutureGen at Mattoon

The FutureGen Industrial Alliance has pledged approximately $400 million dollars under
its current cooperative agreement with DOE. This level of non-profit financial donation,
by the coal and coal-fucled utility industry, to a DOE program, and without any
opportunity for financial return on its donation, is unprecedented. We hope that the
administration and the Congtess will view this fact as proof of the importance of
FutureGen at Mattoon The Alliance urges the Department to continue the FutureGen at
Mattoon project with the non-profit Alliance.

e FutureGen at Mattoon offers DOE an opportunity to beat its proposed timeline.
DOE’s Request for Information (RFT) suggests an on line date of 2015 The
FututeGen Alliance has delivered five years of progress, including contract
negotiations, an enthusiastic and committed local community, a site that is
technically and legally ready to go, a design and cost estimate, a final
environmental impact statement, vendor relationships, and a team of fifty
engineers and scientists. No fully integrated, near-zero emission power-plant
project in the wotld can compete with FutureGen in terms of its ability to move
forward with urgency on the required technology development and demonstration.

o FuiureGen at Mattoon will meet or exceed all DOE emissions and CO, capture
goals. All emissions and CO; capture criteria included in the FutureGen Report to
Congress and DOE’s current Request for Information (RF1) will be met by
FutureGen at Mattoon, including 90% CO; capture

¢ FutureGen at Mattoon is fully integrated and commercial scale FutureGen at
Mattoon incorporates a commercial-scale gasifier and commercial-scale “Frame
7” tutbine. As configured, and with the commitment to share lessons learned
widely, it gives industry a chance to learn about the cost, performance, and
operating strategies for an integrated system with CCS.

e Public benefit and information sharing is a hallmark of FutureGen at Mattoon, As
a nonprofit enterprise, the FutureGen Alliance will broadly shate information
from the project, facilitating the deployment of commercial, near-zero emission
power plants throughout the world. Alternative for-profit approaches may be
complements, but they will feature protection of technological know-how and TP
within individual companies rather than sharing it for broad benefit.

o International involvement is essential to success and FutureGen at Matitoon
includes it at an unprecedented level. Thirteen companies with opetations on six
continents are participating. Climate technologies must be globally acceptable
and globally deployed, ot they will not be cffective International participation
has been exceptionally well-managed and has added to the performance of the
ptoject. No other project can replicate FutureGen at Mattoon’s level of
international involvement
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FutureGen at Mattoon provides a platform for testing advanced technologies,
which accelerates technology development and saves the taxpayer money. Once
built, and power generation, carbon capture, and sequestration operations are
underway, FutureGen at Mattoon can serve as a test bed for advanced
technologies emerging fiom DOE’s Fossil Energy R&D program and industry
R&D efforts. Such testing will not interfere with the primary mission of the
facility and provides a cost-effective approach to advance technology.

Alternative testing approaches will be far more expensive Areas where DOE
expects advancements to occur include oxygen production, gasifier
improvements, gas clean-up, H; and CO, sepatation, H, turbine advancements and
fuel cells. By proposing to end its support of FutureGen at Mattoon, DOE will be
increasing the cost and difficulty of testing the very advanced technologies that its
progtam managers seek to develop and deploy

FutureGen at Mattoon’s costs ate manageable. As with all global energy
infrastructure projects, costs have increased since 2003, However, between the
approximately $400 million in cash the Alliance is contributing and plant revenue
that is being teturned to DOE, the costs ate manageable and a good national
investment. Alternative projects that truly deliver the same results will not be
cheapet Further, the Alliance’s offer to sit down with DOE and discuss cost
containment stiategies remains an open offer

Additional Projects and DOE’s Proposed Restructuring

The Alliance believes that it is in the national interest to complement FutureGen at
Mattoon with additional projects in a variety of engineered applications and a variety of
geologies. However, complementary piojects must not come at the expense or delay of
the #1 priotity, FutureGen at Mattoon, Currently, DOE’s proposed restructuring leaves
many unanswered programmatic questions. Further, a number of technical issues
associated with the restructuring are of concern Specific concerns about the DOE
proposed restructuring include:

DOE’s schedule under the restructuring proposal is unrealistic. DOE has an

important obligation to the taxpayer to follow comprehensive contracting
processes, conduct technology reviews, and prepare an environmental impact
statement on any new project. The schedule in the RF1 (i.e., a proposed on-line
date of 2015) is not realistic for a project that meets 100% of the stated goals.
Many potential industrial partners are unfamiliar with DOE’s required practices,
and it is important that the DOE inform them of a reasonable schedule so that they
can properly conduct the project and deal with their third-party investors. Overly
optimistic schedules are a disservice to Congress, industry, and the public.
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For DOE to identify an alternative, fully integrated project that meets all the
performance goals DOE has stated are critical, the following schedule would be
more realistic:

o 2009+ project selection and cooperative agreement negotiation

o 2012: completion of preliminary design, environmental impact
assessment and record of decision

o 2013: completion of detailed design and procurement of major technology
components

o 2017: completion of construction

o 2018: initial operation

o 2022: completion of test period

DOE’s restructured approach has problematic business parameters. DOE’s
proposal implies that 90% capture simply involves the addition of new technology
to an existing IGCC. 1t does not. The complex integtation of CCS into a
commercial IGCC plant will entail significant modifications to many other
systems, inciuding commercial systems inside the base plant 1t would also
latgely require a restart of design work done to date on the base commercial plant.
Thus, the government, its procurement tules, and its oversight practices could
easily extend into the commercial, for-profit power plant Further, applying
FutureGen funds to a project with anything appreciably less than capturing 90%
of the fofaf CO2 emissions from the entire plant would fall shott of what is
needed to 1apidly develop near-zero coal plants.

DOEFE’s restructured approach does not address the increased marginal cost of
electricity. The modified plant that DOE proposes that industry build will cost
substantially more to operate than a traditional plant. DOE’s RFI is latgely silent
on opetating costs Because power plants dispatch electricity to the grid based on
their marginal operating cost, the approach DOE proposes could result in a plant
that is too expensive for industry to operate

For example, a Midwest utility commission which recently evaluated an IGCC
project concluded it needed to approve more than a 15% inctease in the cost of
electricity to ratepayers in order for the project to move forward. DOE’s proposal
to add 90% capture to any commeicial IGCC project, would increase the cost of
electricity further, likely by another 20% or more. Who will pay this added
inctemental cost in the restructuring proposal? DOE? The industiial partner? The
ratepayers?

Increased apptopriations will be required to offset Federal taxation DOE is
proposing moving away from its non-profit partnership with the Alliance. While
it is appropriate for DOE to work with for-profit and non-profit entities, the
precedent in the clean coal power initiative is that DOE grants awarded to for-
profit entities can be subject to taxation by the IRS, if determined to be income.
Thus, whereas 100% of the funding geing to FutureGen at Mattoon goes to on-
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the-ground technology and operations, under DOE’s new program, DOE will
need increased appropriations if it intends to make the same ultimate on-the-
ground investment in technology and operations. This could result in either: 1)
hundreds of millions of dollars of additional appropriations to offset taxes or 2) a
major dilution of DOE’s program investment through taxation.

* Uncertainties created by the annual approptiations process must be mitigated.
DOE is seeking new commetcial projects Commercial projects cannot easily
proceed with certainty and garner commercial financing if DOE is going to make
its project funding subject to annual appropriations. If DOE wants its new
approach to succeed, it must have 100% advance appropriations for each project
ot find some other mechanism to guarantee funding

¢ DOE’s restructured proposal must include some guaranteed mechanism for
reliable DOE partticipation. By restructuring FutineGen and ceasing to cooperate
on FutureGen at Mattoon, DOE has indicated that it is willing to walkaway from
public-private partnerships and international participation even though DOE has
signed an agreement with the private partner New industry partners must receive
assurance that the same thing will not happen on future projects, which would
make the industry investment a stranded asset.

o DOE needs to clarify the rules for information sharing in any solicitation Sharing
technology performance and operating strategies is impottant to replicate the
technology worldwide and at lower costs. DOE’s plan limits information sharing
as the proposal is designed to entice for-profit participation in commercial
projects, which is not conducive to sharing IP and other information with non-
participants.

e DOE needs to clarify how 90% captute will be measured. DOE’s proposal is not
specific about how the 90 percent CO, capture rate is measured within the plant
1t must be measured as the percentage of the total CO; that could be generated by
the entire plant, not just a portion of the rotal CO; or 90% of a slipstream 1t
would be a serious mistake if this target level is relaxed. Ninety percent is a
technical goal designed to ensure a sustainable future for coal. Today’s
commercial projects cannot technically or economically handle this goal.

e DOE should clarify how liability protection be handled for injected CO> and trace
constituents. DOE has provided no mechanism to protect companies from the
liability associated with injected CO,. It took the states of Texas and Illinois
several years to address these issues through legislation specifically for the project
developed by the FutureGen Alliance. Without this protection, projects will face
delays making it difficult for companies to take on these liabilities

» Third-party financing is essential to projects and DOE must allow it. DOE
rejected minimal third-party financing (e.g , <20% of the total project cost) for
FutureGen at Mattoon. Many, if not all projects that come forward in response to
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DOE’s RFI and subsequent solicitations will require thitd-party financing. It is
common for commercial projects to be 50-80% financed. DOE must allow for
this flexibility if it wants its restructured approach to be successful.

» Title transfer to industry is a prerequisite. DOE originally intended to provide
industry with the title for the FutureGen at Mattoon project; however, it changed
its position part of the way through the project, instead electing for federal
ownership. Under the restructured effort, DOE must provide 100% title for the
entire project to industry as commercial projects typically require title rights to
secure third-party financing  Further, because capture is intertwined with the base
plant, the industrial partner cannot accept government ownership of part of its
commercial enterprise.

o 100% of revenue must go to the industry partner. Unlike FutureGen at Mattoon,
in which DOE shared in the project revenues substantially offsetting Federal
investment, for projects conducted under DOE’s new approach, DOE would need
to agree that the plant revenues go 100% to the industrial partner so that
paiticipants can geneiate a commeicial retuin on a commercial project.

+ Contractual streamlining is a prerequisite for project success. Incorporating CCS
technology into a power plant will require significant changes in the design and
opetation of the base commetcial plant DOE cost sharing must not lead to a
requirement that government accounting practices and procurement rules apply to
the base plant, even though it is being modified to suit the government’s purposes.
Attaching such strings to a commercial project would have significant cost and
schedule impacts on a commeicial project.

In its 2004 report "FutureGen Integrated Hydrogen and Electric Power Production and
Carbon Sequestiation Research Initiative”, DOE acknowledged the necessity for the type
and level of risk sharing associated with FutureGen at Mattoon, if technology is to
advance at the required pace.  In its report, DOE said:

“FutureGen’s integration of concepts and components is key to providing technical and
operational viability to the generally conservative, risk-adverse coal and utility industries.
Integration issues such as the dynamics between upstream and downstream subsystems
(e g., between interdependent subsystems such as the coal conversion and power and
hydrogen production systems and carbon separation and sequestration systems) can only
be addressed by a large-scale integrated facility operation Unless the production of
hydrogen and electricity from coal integrated with sequestrating carbon dioxide can be
shown to be feasible and cost competitive, the coal industry will not make the
investments necessary to fully realize the potential energy security and economic benefits
of this plentiful domestic enetgy resource.”

Technology advancements and market changes in the last five years have not changed

this need for a full scale demonstration envisioned in DOE’s report and FutureGen at
Mattoon.
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There is no project in the world that can move near-zeiro emission power and CCS further
or faster than FutureGen at Mattoon It is non-profit, includes unprecedented
international involvement and information sharing, and has a site that is technically and
legaily ready-to-go. Alternatives will cost the country five years or more of delay and/or
deliver less in terms of results. As Congress and the administiation debate the
appropriate structure for the FutureGen program, we urge that: these factors be taken into
account; FutureGen at Mattoon be maintained as a global flagship project that is the
nation’s top ptiority for advancing neat-zero emission coal technology; and
complementary projects be added to the program as the budget allows.
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GE RESPONSE TO DOE REQUEST FOR INFORMATION (RFI) ON THE
DEPARTMENT OF ENERGY’S PLAN TO RESTRUCTURE FUTUREGEN
{DOE-SNOTE-080130-001)

Responder; General Electric
Point of Contact. Norman Shilling
Telephone: (518) 385-3791
Mailing Address:

GE Energy

1 River Road

Mail-drop 37-549

Schenectady, NY 12345
E-mail; norman.shilling@ge com

DOE's decision to restructure FutureGen makes a lot of sense. It recognizes that
IGCC with carbon capture can be commercially supplied today -- for example,
GE's commercial 630MW IGCC plant is already carbon capture ready. However,
FutureGen’s restructuring must satisfy two critical and urgent needs:

— Validation of CO2 sequestration at large scale and

- Demonstration that utility powerplants with carbon capture can
be successfully integrated with sequestration.

DOE’s proposed restructuring can provide the platform to satisfy these needs
and move coal forward Implementation of carbon capture and sequestration
(CCS) at a national scale will be confronted by a broad diversity of geological
settings for sequestration sinks. This will be the case even with a focus limited to
saline aquifers. The needs in greater detail are:

¢ Proving that an operating utility plant can be integrated with a
CO2 storage facility.

We agree that large scale commercial operation is an important
criterion to gain credibility and relevant operating experience
with CCS. Successful integration requires that both facilities —
power and sequestration — are able to operate in a long-term,
real-world  utility context of load following, turmndowns,
shutdowns and upsets.

» Performing large-scale sequestration in multiple geologic
settings sufficient to provide design and application experience
for CCS to proceed commercially and on a large scale.

Only multiple sites can prove critical design data for
sequestration such as capacity, infectivity, and permanence of
storage that is needed fo provide a robust basis for future

projects.
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GE is not proposing specific projects in this response As a provider of IGCC
technology to the utility power industry, GE looks to its customers to define those
projects that satisfy their requirements for new coal power. We are however,
cognizant of, and highly sensitive to, utility requirements for committing to the
significant investment — typically $2 Billion or more - required for large
commercial coal power projects That commitment can only be made when risks
and costs are understood and quantified. The current environment and level of
understanding of CCS does not provide the basis to make these large
commitments. DOE’s stated goal is to gain early commercial experience
validating cleaner coal technologies through multiple demonstrations of CCS
technology in commercially operated IGCC-CCS electric power plants. We
believe that a properly crafted program structured by DOE can allow utilities and
project developers to move forward to participate in support of DOE’s goals and
concurrently move coal forward despite today’s uncertainty.

THE CHALLENGES

There are currently several barriers to achieving DOE's stated objectives that
must be met as a part of any future program. These are:

1. The lack of a clear regulatory framework for CO2 storage facilities
that addresses issues associated with the definition of property
rights, liability, site licensing and monitoring, ownership,
compensation arrangements and other institutional and legal
considerations.

2. An absence of regulatory protocols for sequestration projects
including site selection, injection operation, and eventual transfer
of custody to authority.

3. The lack of either a regulatory constraint or a market value for CO2
set by either price, or avoided tax.

All will take time to resolve — and more time than DOE can wait. in order for
commercial entities to step forward to participate, all of these barriers need to
be addressed in the program structure The original FutureGen Alliance was
able to obtain State assumption of title to, and liability for, the CO2 produced.
With respect to a commercial utility project, obtaining such assumption of
liability may be more difficult. Solutions for transporting CO2, ownership of the
storage reservoirs, injection of the CO2 and liability issues aitendant to the
near term and then long term storage of the CO2 must be addressed at the
outset of the program  The DOE, and other agencies of the federal
government such as the DOT and the EPA, have major roles to play in this
process In its program FOA, the DOE should provide explicit solutions and
provisions of exceptions and relief for these issues such as Federal
assumption of CO2 ownership after a set time period
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Capture Level: The FutureGen RFI has set a carbon capture level of 90%. We
think this is the wrong target. Requiring a more stringent standard for coal than
natural gas places an unnecessary and unwarranted burden on coal. It should be
recognized that 90% capture will result in net CO2 |b/MWh that is approximately
1/3 of that from a natural gas combined cycle plant. While 90% carbon capture is
technically feasible with IGCC, it incurs higher capital expense and operating
costs than lower levels of capture. We are also in a period when capital costs
have and are continuing to rise substantially for all power plants so that the cost
issue is even more acute. While the 90% requirement is appropriate for a
development platform such as the original FutureGen, there is little gain from
requiring a generating unit that is required to provide competitive electric power
to meet this criterion even to qualify for the proposed DOE incentives. We
therefore believe that 65% capture is the right target and consistent with what
would be the outcome of a CO2 BACT analysis.

Controlling Program Costs. This program will likely be executed before a market
value for carbon develops sufficient to offset the added cost of CCS. Program

funding therefore needs to be adequate to cover the total cost that a utility will
face in implementing !GCC with carbon capture. These include 1) a baseline
capital cost premium for IGCC, 2) the incremental capital costs of carbon-capture
equipment plus 3) cost of day-in/day—out capture, purification, compression,
transport, sequestration and monitoring of CO2. While the initial cost of IGCC is
higher, the net cost including CCS will be lower than with combustion

technologies and, on this basis, the premium for IGCC is warranted.

Costs can be significantly reduced, and the number of projects increased, by
requiring initial capture levels that are only sufficient to achieve validation of
large-scale integrated capture and sequestration.

AN ALTERNATIVE APROACH

Siting and permitting of a commercial coal utility plant — even IGCC -- is already
difficult and complex. The addition of storage will add yet another level of
complexity, difficulty and schedule impact to the permitting process. Given the
lack of experience in 1) sequestration, 2} its coupling to a utility power plant, and
3) new and yet-to-be-defined public, regulatory and legal challenges to be
overcome, this is essentially a learn-as-you-go program. We therefore
recommend a phased approach having distinct funding franches resulting in
retirement of the above risks synchronized with increased investment and
growing level and certainty of required Federal appropriation. Those phases are:

Phase 1 CCS Feasibility & Project Qualification: Candidate new IGCC
projects are funded by DOE for a feasibility assessment. This
assessment will consist of candidate CO2 storage facility identification,
preliminary geologic characterization and IGCC plant feasibility study.
A key criterion for the design is a 500MW minimum scale -- not a
slipstream -- so that integration experience between an operating
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commercial IGCC plant and a storage facility is obtained. The plant
feasibility study would be based on an initial carbon capture level
suitable to achieve sequestration validation. If not initially chosen as
the capture level, the plant feasibility study would also include features
for later retrofit capability to achieve CO2 performance equivalent to
that of NGCC. Each site might need evaluation and testing of multiple
sequestration sites. The estimated cost would be ~$1-$2MM per project
and a target of 20 projects. DOE funding would both catalyze and
formalize the program to develop an inventory of candidate projects.

Phase 2 Front End Engineering Design: Those IGCC projects passing
Phase 1 criteria for an acceptable CCS demonstration wouid be entitled
to enter into a preliminary engineering phase. This phase includes an
IGCC plant Front End Engineering Design (FEED) study and detailed
characterization and FEED of a primary CO2 storage site. The plant
would be designed with specific features to accommodate a future
retrofit to 65% capture. The FEED would incorporate provision for initial
configuration with partial capture sufficient to achieve sequestration
validation For example, 15%-20% capture would produce 600K-800K
tons CO2/year for a 600MW plant. While this is less than the 1TMM
tons/yr initially envisaged by DOE, it can be sufficient to support several
injection wells while stressing a storage faclility to validate capacity for
potential future increases in CO2 capture. IGCC and storage facility site
permitting applications would be compieted. The study would determine
a trigger cost of CO2 CCS for comparison to a market signal or credit
price for CO2 (when and if it develops). The estimated cost per Phase 2
project would be ~$50MM ($20MM Plant FEED + $20MM detailed
sequestration site characterization + $10MM storage facility FEED) and
a target down-select from Phase 1 of 15 highest scored projects.

Phase 3 Construction and Commissioning: Based on a scored outcome
of Phase 2, twelve (12) proposed projects would be entitled to go
forward with detailed engineering and project execution. Key scoring
criteria for funding award would be based on progress towards
permitting, variety of coal source, and the diversity of sequestration
resource (i.e. — avoidance of multiple plants reporting their CO2 to the
same geologic structure). These plants are initially equipped with partial
capture to serve as the CO2 source for sequestration validation. DOE
funding would be needed to offset the initial cost premium for IGCC plus
the incremental costs for capture equipment, storage facility
development (indexed for inflation) and commissioning of the IGCC
plant with capture and CO2 storage facility. The estimated cost per
project would be $400MM.

Phase 4 Operational Validation: This phase would cover a three (3)
year period of capture and sequestration. Monitoring and testing of the

Page 4 of 7



CO2 reservoir would be carried out to validate storage capacity, model
predictions of plume extent and geological response. DOE would
provide a subsidy for incremental CCS operating costs until there is 1) a
market signal (price, credit value or tax equivalent) for carbon that is
greater than the capture and sequestration cost or 2) no more than
three years of design rate sequestration or five total years of operation
at which point CCS ceases and the plant can be returned te normal
operation. As an example - 5 years would achieve the validation of CCS
in that plant's particutar geologic situation. (5 years = 1 year capture
startup and commissioning + 1 year injection facilty and well
commissioning + 3 years of full capacity operation.) In the case of a
market price for CO2 that exceeds the plants cost of CCS, DOE could
be entitled to repayment of its costs from revenue in excess of cost and
minimum return for the utility. The estimated cost per project for the
Validation Phase would be $150MM (3 years $50MM/yr) for a total of 12
projects.

Phase 5 Retrofit to NGCC performance: Participating utilities would
make a commitment to retrofit to a minimum 65% capture level (NGCC
CO2 equivalency) when proper regulatory framework is set and the
CO2 market price hits the trigger price developed in Phase 2. The utility
would be required to cover the costs of upgrades to the 1GCC plant
including shift reactors, shift cooler and low-temperature gas cooling
expansion, CO2 separation equipment (or AGR expansion), additional
C0O2 compression capacity and turbine combustion modifications. Cost
per project $0 to the government.

What Constitutes an Eligible Project? The key features of a project that
would be eligible for funding are:

¢  500MW minimum

» Capable of operation with and without capture

e Pre-combustion capture (i e able to generate high purity CO2)
» Commercial operation (no slipstreams)

* Incorporates only commercially available technologies

» Accessible to one or more saline aquifer or EOR sites

s Capture sites have potential 30 year capacity at full-plant 65%
capture

» Designed for retrofit fo 65% capture including turbine fuel skid,
free plot area and plant access for component modifications.

¢ Retrofit does not require scrapping/decommissioning of major
process or power equipment

« Site utilities sufficient for demonstration and retrofit to NGCC
(770lb CO2/MWh) eguivalency
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What can this approach accomplish? Compared to the original concept that
requires significant up-front project commitment -- a lot. Specificaily:

* A decision path for investment coordinated with a developing
understanding of the CCS project and its risks.

o Significantly reduced per-plant investment = more project
candidates

e Aliows for future retrofit to higher capture levels as CO2 value
evolves and as economics recommend

s Shared risk/benefit with participants with a path to cost recovery

« Operating experience on integration of capture and sequestration
for a wider range of geographic locations, electric power grids,
operating environments and their load profiles

Term of Projects. The DOE needs to address the expected term of the carbon
capture demonstration. It is unsaid in the RF1 but will need to be defined in the
FOA We believe that it should be limited to the time required to accomplish
validation of the capture operation, its integration with the storage facility, and
adequate stressing of the sequestration sink. However, after a plant is operating
successfully with CCS, there is likely to be extreme public and environmental
resistance to discontinuing CCS operation even if it means significant
unrecoverable cost.

Integration of Power, Transport and Storage: Successful demonstration of an
operating integrated power plant with a CO2 storage facility is an important
deliverable of the program. The operation of the storage facility needs to be
designed so that it can contend with upsets, load following, turndowns and
shutdowns without effecting the operation of the power plant. Otherwise, the
facilities may be commercially separate.

IGCC Applicability. Focus should be primarily on sequestration. This requires a
high confidence in the carbon capture portion of the project and its ability to
provide a consistent CO2 stream with high availability, high quality and
consistency. Carbon capture with IGCC can be engineered and supplied today
without the need for significant scale-up or development of new technology.
Other technologies should be considered only if 1) they are at a similar state of
commercial and technology readiness for carbon capture and 2) can provide high
purity CO2 that will not add additional uncertainty or risk into the sequestration
demonstration.

Clear Linkages Between DOE Programs. We recommend that DOE provide
clarification and the methodology for linkages to other funding initiatives that
have been authorized and/or appropriated. Combining these could provide a
more powerful overall coal program. We do not have a clear understanding of
how all these sources can be combined to work together. These other sources
include 1) the Regional Sequestration Partnerships and their plans for Phase |l
and Phase [l demonstrations, 2) the Clean Coal Power Initiative (CCPI), 3) the
carbon capture and sequestration demonstrations (Sections 402 and 403 of the
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2007 EISA), 4) the uncommitted Investment Tax Credits (EPAC 2005 - 48A), 5)
Loan Guarantees (EPAC 2005 48A) and 6) the Western Integrated Coal
Gasification project (EPAC 2005 Subtitle D Section 413). GE believes that there
is a big opportunity for combining and focusing funds into an overall and clearly
delineated and broad overarching program.

Summary. GE appreciates this opportunity to provide comment on DOE’s RFI for
FurtureGen’s restructuring. It is a big step forward towards a strong future for
coal power in the US provided that it avoids burdening seminal large-scale CCS
projects with unneeded additional complexity and cost. These have the potential
to divert attention from the real goal of proving the most challenging goal — that
large-scale sequestration is viable and safe.

Page 7 of 7



US Department of Energy
Request For Information
Plan to Restructure FutureGen

The US Department of Energy (DOE) has announced its intent to restructure the
FutureGen program to directly support Carbon Capture and Storage (CCS) initiatives
associated with Integrated Gasification Combined Cycle (IGCC) projects. This
combination is recognized as IGCC-CCS. Rather than support further development
of IGCC, DOE is responding to the increasing interest in capture of carbon dioxide
(CO,) from the combustion turbine exhaust and sequestering it in a suitable geologic
location, such as a deep saline aquifer. DOE expressly indicates that this path will be
a better use of funds.  In this context CCS is considered “Post-Combustion CO»
Capture” because it denotes removal of CO; from the turbine exhaust. DOE is willing
to provide funding for CCS demonstrations associated with IGCC projects already
being implemented by others. DOE requires capture of one million metric tons of
CO, at 90% capture efficiency, and its sequestration. DOE is expressiy excluding
other uses of CO; such as for Enhance Qil Recovery (EOR). DOE is, however,
seeking comment on whether to fund selected projects that are capturing CO-» before
combustion, such as during the processes associated with manufacture of Synthetic
Natural Gas (SNG), which is known as “Pre-Combustion CO,". While DOE intends to
seek approximately $1.3 billion in its congressional budget request, the RFI does not
make clear what scope of support it envisions.

Key goals of the Revised FutureGen are that it validate most of the original
FutureGen objectives, including for example conforming to the same emission limit
expectations as the original program; in addition to proving the technical and
economic feasibility of IGCC-CCS as an integrated system.

Global Enerqgy, Inc. — Background

Global Energy, Inc. is an environmentally focused alternative energy company
pursuing clean energy solutions based on gasification technologies. Global Energy
Is using its ownership and operating experience to develop, construct, own and
operate gasification facilities in the United States and in the United Kingdom.  With
three major near-term projects in active development, we believe we have the most
advance portfolio of gasification and Integrated Gasification Combined Cycle (IGCC)
projects in the U.S and U K. energy markets.

Global Energy has been in the gasification technology development business for
twenty years. The Wabash gasification facility is currently operated by SG Solutions,
which is a 50/50 joint venture between a Global Energy subsidiary and an electric
utility cooperative. Global Energy has owned and operated the Wabash facility since
late 1999 Since 1992, Global Energy has owned the Westfield Development Center,
where a slagging fixed bed gasification technology was developed.



Global Energy has formed an alliance with HTC PurEnergy (HTC), headquartered in
Regina, Saskatchewan, Canada where HTC will provide its expertise and proprietary
technology in post-combustion carbon capture support our projects. HTC is well
regarded internationally, particularly for its association with the Weyburn carbon
dioxide based EOR project in Canada. HTC has proven expertise in measurement
and monitoring of carbon storage to qualify storage quantities for credits in the
international arena. HTC has ongoing projects in Norway, Australia, China, and in
the Middle East. HTC will also utilize its extensive expertise in geology and geologic
storage to benefit Global Energy projects.

Response to DOE Request for Comment

We believe that sequestration techniques and technologies themselves are probably
more challenging than technologies needed for capturing CO, from an IGCC. Global
Energy therefore recommends that DOE recognize and allow projects that advance
sequestration knowledge, even though they may not be pure IGCC in nature.
Sequestration can be advanced regardless of the source of CO, The gasification
process effectively neutralizes the nature of the feedstock while p|0uuurg synthetic
gas. We therefore believe that, in order to gain the most information in the most
expeditious manner, DOE should support IGCC capture and sequestration projects
that utilize petroleum coke feedstock as well as those that use coal. We believe that
DOE, by restructuring FutureGen, will enable deployment of IGCC power generation
in a manner that is responsive to the growing national desire for Clean Tech
solutions.

DOE is also specifically requesting comments relative to whether DOE should
consider non-IGCC projects.

1. Global Energy recommends that DOE support management of carbon dioxide
produced during production of synthetic products, such as Synthetic Natural
Gas (SNG) or Coal To Liquid products from oxygen blown slaggmg
gasification processes. DOE can gain significant insight and experience in the
geologic storage area, independently from capture technologies.

2. Global Energy opposes consideration of non-IGCC power generation
technologies, such as circulating fluidized bed and supercritical boilers It is
very clear that direct combustion of coal for power generation is not an
environmentally favored approach



Global Energy Projects

Global Energy is responding to this Request For Information by describing and
discussing three separate projects that we feel are well suited and well timed to
benefit DOE's desire to expeditiously advance carbon management technologies via
this initiative to restructure the FutureGen program.

In response to the DOE “Key Goals of Revised FututeGen” discussion in the RFI,
Global asserts for all three projects — that the ten bulleted objects are reasonable and
achievable. In particular, Giobal believes that the original FutureGen emission limits,
noted in the 3" bullet, are readily achievable.

The three projects, described separately on the following pages, are: Lima Energy
IGCC & SNG, SNG Export, and Kentucky Pioneer Energy.

Lima Energy IGCC & SNG

Dwight N. Lockwood, PE, QEP
Group Vice President

Global Energy, Inc.

312 Walnut Street, Suite 2300
Cincinnati, OH 45202-4094

Phone: 513-621-0077 x1826
Fax: 513-621-5947
Email: dnlockwood@globalenergyinc.com

Project Location

The City of Lima
Allen County, OH
At former Brownfield Site Known as Lima Locomotive Works

Facility Address

1046 South Main Street
Lima, OH 45804-2044

Narrative Description

Lima Energy Company (Lima) has begun construction and is nearing completion of
full financing. This includes provisions for both equity and construction financing.
Once construction is completed, the construction facility will be replaced by bonds
supported by the Ohio Air Quality Development Authority, which has already provided



a resolution to this end. The Lima Energy IGCC is expected to commence operation
in 2011, and will include carbon management from its inception.

We believe that the Lima Energy Project will prove to represent the first opportunity
for DOE to achieve results in its carbon management (sequestration) objectives.
Fortuitously, the City of Lima in Allen County, Ohio rests above a geologic horizon,
known as the Mt. Simon Sandstone that is already known to be secure, with a hard
cap layer above, which was previously evaluated and shown to have integrity locally.

The Project consists of a 540MW IGCC plus 75 million standard cubic feet per day of
SNG into the natural gas pipeline system. Designed to process either petroleum
coke or coal, Lima will capture approximately 2 5 metric tons of pre-combustion CO;
during production of SNG. While the project has plans to develop a CO; based
enhanced oil recovery solution in Ohio, it will also have a sequestration site suitable
for CO; storage locally. The Project is also in the process of evaluating
post-combustion capture capability for incorporation downstream of the combustion
turbine exhaust. This quantity would represent approximately 3 million metric tons of
CO;. QOur HTC partner will assist the project in implementing these plans.

Project Timeline

Having already begun construction, the project and its EPC Contractor plan a 3-year
construction, from third quarter 2008, such that operation of the facility, including
carbon management, should begin in 2011, well ahead of the DOE target of 2015.

Estimated DOE Contribution

The wording of the RFI| suggests DOE willingness to fund the entire cost of the
carbon management portion of a project, as long as it the associated IGCC project is
otherwise completed by the applicant. On this basis, our assumption is that DOE
currently anticipates this cost to be 100% of the CCS effort at an IGCC project, and
further assume that these costs include any pipeline transportation necessary to
achieve sequestration. These costs are projected as follows:

Post combustion capture at 90%, would, if feasible, utilize a proprietary HTC process
already developed but adapted from conventional boiler applications, and
sequestration of one million metric tons will require approximately $80-100 million,
based on scale up of an existing process intended to capture 3-400,000 metric tons.
In addition, compression and infrastructure to achieve sequestration may be as little
as $25 million and as much as $100 million, depending on how close or far the
ultimate sequestration site is to the Facility. Lima Energy expects to be at the lower
end of this range, since the sequestration site is expected to be relatively local to the
facility.



The Lima Energy Project already plans to capture CO; associated with manufacture
of SNG. We are exploring Enhanced Oil Recovery (ECR) applications for this CO,,
but will also provide for sequestration locally, as noted above. Should DOE support
management of carbon from pre-combustion processes, the following cost
assumptions are made. Capture is inherent in production of SNG, and carries no
cost for DOE. Compression and infrastructure to achieve sequestration would be
comparable to the above case, or $25 to $100 million.

Technical, Financial or Legal Barriers

Lima Energy does not foresee insurmountable barriers to carbon sequestration.
There is work to do, and permissions to seek, but we believe the project can and will
serve as a template for carbon management in Ohio.

The State of Ohio is actively exploring appropriate policy initiatives that may prove
helpful to standardizing the handling of legal and regulatory issues associated with
carbon management in Ohio.

» The Governor of Chio has proposed, and the Legislature is drafting language, to
enable the Public Utility Commission of Ohio and Ohio EPA and Ohio Department
of Natural Resources (PUCO-OEPA-ODNR) to jointly develop processes and
procedures to facilitate and enable effective carbon management.

> We believe pipeline routing for handling CO; will require state oversight, but do
not believe this issue should be seen as a significant barrier. The PUCO has
been actively advocating for a CO» Pipeline for considerable time.

> Ohio Department of Natural Resources has the existing expertise and authority to
oversee issues surrounding secure sequestration in horizons such as saline
aquifers, as well as EOR applications.

ODNR has significant information about the geology of Ohio and has published
papers on the feasibility and viability of sequestration in the state. ODNR has
indicated support of the Lima Project and its sequestration as well as EOR
strategy.



SNG Export at Wabash River Energy Facility

Name and Point of Contact

Dwight N Lockwood, PE, QEP
Group Vice President

Global Energy, Inc.

312 Walnut Street, Suite 2300
Cincinnati, OH 45202-4094

Phone: 513-621-0077 x1826
Fax: 513-621-5947
Email: dnlockwood@globalenergyinc.com

Project Location

West Terre Haute, Indiana
SG Solutions Gasification Facility (formerly known as Wabash River Energy)
Hosted at the Duke Energy Wabash River Generating Station

Narrative Description

The SG Solutions (SGS) Facility (formerly known as Wabash River Energy) began
operation in 1995 as a DOE demonstration, with two EGAS gasifiers, though only
one operates at any time. As part of its joint venture ownership of SGS, Global
Energy retains the express right to use the second gasifier for its own purposes.

Development and financing of the SNG Export project is currently in progress, and an
EPC contractor has been signed. When activated, the second gasifier will process
locally mined coal to manufacture approximately 14 bcf per year of Synthetic Natural
Gas (SNG) for commercial delivery into the natural gas pipeline system. An Air
Separation Unit (oxygen supply) and complete downstream gas purification and
Methanation processes will be added. The SNG Export facility will have certain
common facilities with the existing plant.

Illinois basin coal will be supplied to the new facility from a nearby Indiana mine that
we own.

We intend to identify a suitable sequestration site, reasonably close to the facility for
storage of the Pre-Combustion CO; captured during the SNG manufacturing process.
This may be an appropriate saline aquifer or coal bed methane site.

There may also be an opportunity to retrofit a post-combustion carbon capture
process to the existing combustion turbine unit that is part of the existing IGCC.



Project Timeline

Construction of the SNG Export project will require approximately two years to
complete, as much of the infrastructure already exists. Operations are therefore
expected to begin by early 2011

Estimated DOE Contribution

As noted above, the wording of this RFI suggests DOE willingness to fund the entire
cost of the carbon management portion of a project, as long as the associated IGCC
project is otherwise completed by the applicant. On this basis, our assumption is that
DOE currently anticipates this cost to be 100% of the CCS effort at an IGCC project,
and further assumes that these costs include any pipeline transportation necessary to
achieve sequestration. These costs are projected as follows:

Post combustion capture at 90%, would utilize a proprietary HTC process already
developed, but adapted from a conventional boiler application, and sequestration of
one million metric tons will require approximately $80-100 million, based on scale up
of an existing process intended to capture 3-400,000 metric tons. In addition,
compression and infrastructure to achieve sequestration may be as little as $50
million and as much as $100 million, depending on how close or far the ultimate
sequestration site is to the Facility.

Technical, Financial or Legal Barriers

SNG Export does not foresee insurmountable barriers to carbon sequestration.
There is work to do, and permissions to seek, but we believe the project can and will
serve as a template for carbon management in Indiana as well as nearby lllinois.

» Both Indiana and Hlinois are actively developing programs to promote effective
regulation of the carbon management process.

> Both states are believed to be developing strategies for pipeline transportation
of CO,, as well as legislative and regulatory processes and protections.



Kentucky Pioneer Enerqgy

Name and Point of Contact

Dwight N. Lockwood, PE, QEP
Group Vice President

Global Energy, Inc.

312 Walnut Street, Suite 2300
Cincinnati, OH 45202-4094

Phone: 513-621-0077 x1826
Fax: 513-621-5947
Email: dnlockwood@globalenergyinc.com

Project Location - Proposal

JK Smith Site
Trapp, Clark County, Kentucky
Owned by East Kentucky Power Cooperative (EKPC)

Narrative Description

Kentucky Pioneer Energy (KPE) was originally developed as an IGCC demonstration
utilizing a fixed bed gasification technology under agreements with EKPC. Though
fully permitted, for commercial reasons the project did not advance as intended.

KPE will seek to work with EKPC to recommence development efforts and renew
permits. KPE would reconfigure the project to produce approximately 24bcf per year
of Synthetic Natural Gas (SNG) from Kentucky Coal and compress it into a natural
gas pipeline, several of which cross the JK Smith site. We would also anticipate
providing low cost fuel to EKPC for the several combustion turbines (approximately
500MW total) at the site, which would thereby meet the IGCC criteria of DOE. The
JK Smith site has considerable existing rail and coal handling infrastructure in place,
as it was originailly designed by EKPC to support a major coal based generating
station.

This facility would have the potential to produce both pre-combustion and
post-combustion CO; for use in sequestration initiatives in Kentucky. KPE is aware,
from communications with the Commonwealth of Kentucky, that there may be
existing wells in the area that would be potentially useful for sequestration. We would
also explore the potential for a coal bed methane or EOR project in reasonable
proximity to Clark County.
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Project Timeline

Construction of the Kentucky Pioneer Energy project may require four to five to years
to develop, permit and construct, resulting in operations beginning between late 2012
and late 2013, We anticipate that the carbon management infrastructure
development will require approximately the same amount of time. However, with
considerable information still to be developed in this area, it is possible the CO;
sequestration portion could perhaps extend into 2014

Estimated DOE Coniribution

As noted above, the wording of this RFI suggests DOE willingness to fund the entire
cost of the carbon management portion of a project, as long as the associated IGCC
project is otherwise completed by the applicant. On this basis, our assumption is that
DOE currently anticipates this cost to be 100% of the CCS effort at an IGCC project,
and further assumes that these costs include any pipeline transportation necessary to
achieve sequestration. These costs are projected as follows:

Post combustion capture at 90%, would utilize a proprietary HTC process already
developed, adapted from a conventional coal boiler application, and sequestration of
one million metric fons will require approximately $80-100 million, based on scale up
of an existing process intended to capture 3-400,000 metric tons. In addition,
compression and infrastructure to achieve sequestration may be as much as $100
million, based on the potential distance from the site and the relatively hilly terrain in
the area. Pre-Combustion capture from the SNG production will be a substantial cost
due to the planned size of the plant.

Technical, Financial or Legal Barriers

KPE does not foresee insurmountable regulatory barriers to carbon sequestration, as
the Commonwealth is keenly interested in development of solutions. There is work to
do, and permissions to seek, but we believe the KPE project can serve as a template
for carbon management in Kentucky.

» The generally hilly terrain in the area may pose added costs compared to
other locations.

> Kentucky has begun developing strategies managing carbon sequestration
issues and for pipeline transportation of CO,, but these appear to still be
formative.

> We are currently unfamiliar with the geology of Kentucky, but anticipate
working closely with Kentucky Geological Survey and the University of
Kentucky Center for Applied Energy Research, who are familiar and have
specific delegation from the Commonwealth to assist in this area.
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General Technical Considerations

Technically, CO; is readily absorbed in either common or proprietary solvents, and is
processed in a manner very similar to conventional acid gas processing. A number
of technical issues will need to be addressed, in relation to IGCC applications, but
these are not insurmountable. Two examples of technical considerations are:

1. One challenge, with respect to combustion turbines, is to avoid undesired
back-pressure on the turbine exhaust, which operates at very low pressures.
Careful design of the flow of the turbine exhaust to the acid gas process will be
necessary.

2. Another technical consideration is the need to understand the nature of the
exhaust stream and its constituents, after CO; is removed, and the effect on
exhaust stack design.

a. Included in this, is the characteristics of post-capture emission and how
the exhaust will need to be handied and permitted.

Legal and Requlatory Considerations

1. It is recommended that DOE make clear in the Funding Opportunity
Announcement (FOA), what its intentions are with respect o NEPA
reguirements.

a. Will an EIS or an EA be required?

b. Will the EIS or EA be ONLY on the carbon management portion of a

- project (i.e. the DOE role) or also need to consider the basic IGCC
project too, even though the basic project is presumed to already exist
and is not part of the DOE funding.

2. It is recommended that DOE attempt to establish reasonable durations for
demonstrations it supports.

a. Assuming DOE prescribes the use of coal project operating economics
may be better justified if feedstock switch, perhaps to petcoke, is
allowed after an appropriate period of time.

b. Operating on coal for a period, followed by fuel switch to petcoke, or
perhaps biomass and renewable feedstock, could prove helpful to a
project, and still provide desirable information and data to DOE.

3. 1t is recommended that DOE attempt to anticipate how concerns for state and
federal regulation consistency and certainty can be handled.

a. We believe that our Lima Energy Project, for example, will be able to
work closely with State officials and successfully craft solutions to
issues of concern, but there is uncertainty as to how this effort will mesh
with a corresponding federal process.
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4. DOE is strongly encouraged to clarify in its pending FOA how NEPA
requirements will be handled, especially considering that it expects the IGCC
to already be constructed.

Respectfully Submitted ;

Dwight N. Lockwood, PE, QEP
Group Vice President
Global Energy, Inc.



COMMONWEALTH OF KENTUCKY

OFFICE OF THE GOVERNOR

700 CAPITAL AVENUE

STEVEN L. BESHEAR SUITE 100
GOVERNOR FRANKFORT, KY 40601
(502) 564-2611

FAX: (502) 564-2517

March 3, 2008

VIA E-MAIL: Keith.Miles@NETL.DOE.GOV

Honorable Samuel W, Bodman
United States Department of Energy
1000 Independence Avenue, SW
Washington, DC 20585

RE: Response to Request for Information - Restructured FutureGen Project

Dear Secretary Bodman:

I write to provide comments in response to the U.S. Department of Energy's
(DOE's) recent Request for Information (RFI) related to the Restructured
FutureGen Project. Although Kentucky is disappointed that the FutureGen project
in Mattoon, IL is not going forward as planned, we are encouraged by the
opportunities afforded under the revised approach. We are grateful for the

opportunity to comment.

Kentucky is uniquely positioned to fully participate in the restructured
FutureGen program. Kentucky has recently taken a number of actions to reassert
its longstanding leadership position in development and demonstration of
advanced technology for the clean use of coal and protection of the environment,
particularly carbon dioxide emissions control. The efforts of the Commonwealth
have been directed both to development of such technologies for the generation of
electricity and for production of transportation fuels, chemical feedstocks and
substitute natural gas from coal.

If I may, I would like to list some of the reasons why I believe Kentucky is
uniquely positioned to contribute to the goals of the restructured FutureGen
program.

An Equal Opportunity Employer M/F/D
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Location and Geology

Kentucky’s energy resources and geographic location place the
Commonwealth at the center of energy production of all types -
electricity, transportation fuels, natural gas, renewables - and at the
intersection of grids, pipelines, river systems, railroads, and highways
vital to energy production and transportation.

Kentucky's geology offers great opportunity for carbon dioxide utilization
in enhanced recovery of oil, natural gas, and coal bed methane and for
carbon sequestration in geologic formations including depleted oil and gas
reservoirs, unproductive coal seams, various rock strata, and saline

aquifers,

Incentives for Energy Independence Act

A special session of the Kentucky Generai Assembly in August, 2007,
enacted House Bill 1, the Incentives for Energy Independence Act. This
omnibus legislation creates substantial financial incentives for coal
gasification facilities and renewable energy facilities. It provides funds to
the Kentucky Geological Survey to conduct a feasibility study of carbon
capture, utilization, and sequestration in Kentucky. The Act also provides
increased funds to the Center for Applied Energy Research at the
University of Kentucky for applied research, development, and
demonstration (RD&D) to assist industry in rapidly incorporating
alternative fuel production technologies in plant design and construction,
including work on reduction of carbon dioxide from existing coal-fired
power plants. The Act also provides continued funding for grants to
industry in conducting economic and technical feasibility studies for
development and siting of energy projects, including coal gasification

facilities in Kentucky.

Also, we understand that the Kentucky General Assembly will be
considering additional incentives, the purpose of which will position
Kentucky more favorably for US DOE's restructured FutureGen initiative,

Coal Gasification Research, Development, and Demonstration

Since its creation in 1974, the Center for Applied Energy Research at the
University of Kentucky (CAER) has been a leading center of RD&D relating
to advanced coal technologies. CAER's leadership in coal conversion

catalysis is known worldwide.




HONORABLE SAMUEL W. BODMAN
March 3, 2008
Page 3

» Several firms are conducting economic and technical feasibility studies for
development and siting of coal gasification facilities in Kentucky assisted
by the Governor’s Office of Energy Policy.

¢ Since its inception, the Gowvernor's Office of Energy Policy (GOEP) has
allocated over $11 million for gasification and carbon management

projects.

e« GOEP has allocated over $5.5 million in funding for carbon capture and
sequestration projects.

* GOEP has allocated approximately $5.6 million for gasification projects.
Carbon Utilization and Sequestration Research

» Regional Carbon Sequestration Partnerships. The Kentucky Geological
Survey at the University of Kentucky is a major participant in three of the
Department of Energy’s Regionali Carbon Sequestration Partnerships.
These three partnerships reflect Kentucky’s unigue potential for carbon
utilization and sequestration, The partnerships are: Midwest Geologic
Sequestration Consortium, Midwest Regional Carbon Sequestration
Partnership, and Southeast Regional Carbon Sequestration Partnership.

* Kentucky Consortium for Carbon Storage., The Kentucky Geological
Survey and industry have formed the Kentucky Consortium for Carbon
Storage to share the cost of carbon utilization and sequestration research
and to advance the research through shared facilities, technologies, and

knowledge.
Energy Project Facility Site Bank

*» The Governor’'s Office of Energy Policy has identified 19 sites in Eastern
and Western Kentucky and characterized these in terms of their suitability
for large coal gasification facilities. Identification and characterization of a
second set of 20 sites is underway,

I hope that you will agree that Kentucky is uniguely positioned to help
the Department of Energy achieve the goals of the restructured FutureGen
program. The Commonwealth has a long and proud history of leadership in
matters of national energy independence and energy security. We look
forward to working with the Department of Energy in the restructured

FutureGen program.
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Our comments on the restructured approach are spelled out in greater
detail in the attached document. Please consider these suggestions in
finalizing a restructured approach to FutureGen. 1 thank you for the
opportunity to comment. :

Sincerely,

A 134

Steven L. Beshear

Attachment

cc:  Talina R Mathews, Ph.D., Executive Director
Governor's Office of Energy Policy

John Hindman, Secretary
Cabinet for Economic Development




Commonwealth of Kentucky
Governor's Office of Energy Policy
Cabinet for Economic Development

Response to Request for Information on the
Restructured FutureGen Project

March 3, 2008
Overview:

» Kentucky encourages DOE to expand the scope of eligible projects to
include coal gasification projects that convert coal to liquid fuels,

substitute natural gas, and chemicals.

*« Kentucky also feels that eligible carbon capture projects should include
sites at new and existing coal-fired power plants.

» Kentucky commends the DOE on setting a high standard on the
requirement to capture 90% of CO,. However, given the status of this as
a demonstration project, to facilitate both IGCC and other technologies
(including retrofits of existing facilities), perhaps this number should be
determined on a case-by-case basis such that it challenges the limits of
the technology under consideration.

« Kentucky encourages DOE to address major issues regarding liability for
carbon management, ownership of CQ, captured/sequestered, and
ownership of pore space for sequestration.

« Finally, Kentucky would like to see the restructured FutureGen approach
consider other techniques for carbon management (such as algae
systems, pipelines, and pre-combustion carbon capture).

Scope of FutureGen Project:

Kentucky encourages the DOE to broaden the focus under the restructured
FutureGen approach beyond solely existing (and planned) industries that
utilize the Integrated Gasification Combined Cycle (IGCC) process for power
generation. Currently, there are very few IGCC projects under development
in the United States. For America’s energy security and to meet the nation’s
environmental goals, transportation fuels and pipeline quality synthetic
hatural gas production that includes sequestration must be developed and
demonstrated. Kentucky urges DOE to widen the scope of the restructured
FutureGen program to incilude a broader range of clean coal and power
generation technologies. Eligible projects should include sites at existing
coal-fired power plants, and coal gasification projects (coal-to-liquids, coal-
to-gas, chemicals).




Kentucky recommends that the restructured FutureGen program focus on
demonstrating commercial-scale geologic CO, storage in several high-
capacity basins in the U.S. that are proximal to regions with high
concentrations of large stationary sources of CO,.

Kentucky has identified roughly 40 sites across the Commonwealth that could
be suitable for coal gasification facilities. Several are being assessed now.
Overall, the Governor's Office of Energy Policy (GOEP) has allocated funding
for 20 projects related to coal gasification totaling over $5.2 million.

Consider Different Capture Requirements if Scope is Broadened for
Other Technologies:

Kentucky commends the DOE on setting a high standard on the requirement
to capture 90% of CO2. While 90% capture would be realistic for a new
IGCC plant, if DOE were to widen the scope of the project to include existing
conventional coal-fired facilities, 50%-60% may be a more realistic goal.

This is the amount of reduction required from a conventional coal-fired power
plant to reduce its emissions to the jevel of a Natural Gas Combined Cycle
(NGCC) power plant (NGCC being the lowest carbon emitting fossi! fuel fired
plant that’s been built), If coal-fired plants are compared to the alternatives
that are currently available, NGCC is the best fossil fuel alternative.

Recommend Liability Issues be Addressed Under Restructured
Approach:

Kentucky recommends US DOE's restructured FutureGen approach address
issues related to liability, There are also significant legal issues related to
ownership of the pore space used to sequester CO, and the ownership of the
CO, sequestered. We encourage DOE to address these concerns in the

future If this program is to be successful,
Recommend Other Carbon Management Options Be Addressed:

DOE's restructured FutureGen approach focuses on geologic sequestration as
the sole means of carbon management, Kentucky suggests that other
carbon management options be considered, including methods of conveying
CO» to market via pipelines and re-use of CO,.

Geologic storage sites should be chosen with regard to their potential for
being scaled up into large storage sites serving multipie facilities; therefore,
we recommend that there be no requirement for carbon sequestration to
occur at, or adjacent to, the emission sources.

Kentucky also suggests consideration of “pre-combustion” methods of
capturing CO; One coal-to-gas project under development in Kentucky
would do that, using a water-gas shift reaction.




Other Entities Contributing to this Response:

Private Sector:
Kentucky SynGas, LLC

This company is a wholly owned subsidiary of Peabody Energy Corporation,
headquartered in St. Louis, Missouri. This company seeks to construct a
mine-mouth coal conversion facility to produce substitute natural gas (SNG)
in western Kentucky, The project was recently approved for newly-enacted
tax incentives (Kentucky Incentives for Energy Independence Act, HB1) by
the Kentucky Economic Development Finance Authority (KEDFA). The
company lists _ ' as
partners.

Green River Collieries, LLC

to conduct floodplain and topographical mapping, geotechnical studies, and
other assessments to verify that their site is desirable for locating a coal
conversion facility. The site under consideration is the

Future Fuels, LLC
This company : to develop a project
in The

comp'any is partnering with _
to deveiop a facility to convert coal-derived syngas into

electricity and methanol. Future Fuels supports Kentucky's position that the
90% carbon capture requirement maybe not be feasible at this time; Future
Fueis recommends that, as a first step, the percentage should be more in the
50%-70% range. There may be an exponential cost relationship as a point
of diminishing efficiency returns is reached above 70% carbon capture.

Futhermore, the company advocates including projects with less than 300
MW generation. Future Fuels advocates including any gasification project
that produces at least 0.5 to 1.0 million tons of CO, per year.

Hitachi Power Systems America, Lid.

This company has pledged their support for a FutureGen project in Kentucky.
They also fully support the Commonwealth's request for the DOE to consider
all Clean Coal Technologies, and not just IGCC, in their restructured
FutureGen program. The company is a leading technology developer of




ultra-efficient coal plants and emissions control equipment. Hitachi Power
Systems America, Ltd., have voiced their support for Kentucky's position to
expand the scope of the restructured FutureGen project to consider all clean
coal technologies that include carbon capture and storage, and not just limit

the demonstration to IGCC-CCS.

Global Energy, Inc.

This company, was approved

Though
that project was suspended, the company is now considering constructing a
coal-to-gas facllity at this site to provide SNG to the peaking units at the
plant, with the remaining output sold to the natural gas market. This

location One
unique facet of this project is the company's intenticn to remove COQ, "pre-

combustion” using a water-gas shift reaction.
Kentucky Gas Recovery Systems, Inc.

This company to study
carbon dioxide removal systems. The company recommends a focus on

improving power plant efficiencies before considering carbon sequestration.
The company advocates using Clean Coal Technology, coupled with Improved
fixed power plants utilizing more efficient heat engines (Brayton cycle), and
altering the traditional engine configurations to achieve much higher thermal

efficiencies than traditional Rankine Cycle plants,

Public Se 5
Wayne T. Rutherford, Pike County Judge-Executive

Pike County has pledged to partner with GOEP on any energy project. Given
their abundance of coal, natural gas, and biomass, they are well-positioned
to contribute to any project that develops Kentucky's energy resources.

ca ia:
Kentucky Geological Survey

Dr. James C. Cobb, State Geologist and Director of the KGS, has pledged
support for a Kentucky FutureGen project. As a leading participant in the
previous FutureGen effort, and a leader in carbon capture and sequestration
research via Kentucky Incentives for Energy Independence Act, (HB1), the
KGS will be an integral player in any project developed in Kentucky.,




Kozo Saito, Ph.D., Univ. of Kentucky, Dept. of Mechanical Engineering

Dr. Saito has been a leading researcher in the areas of emissions control
using his patented Vortecone technology. Dr. Saito advocates using
abundant, naturally-occurring mineral oxides, such as calcium oxide, to react
with CO; to produce carbonates and release heat. Theoretically, 56 tons of
CaO can absorb 44 tons of COz, assuming a reaction efficiency of 80%. By
then deploying the Vortecone technology, the carbonates can be captured
after they have effectively sequestered the CO,. Vortecone was developed
for the automobile industry to capture paint particulates. It is now
commercially deployed in seven (7) Toyota assembly plants, Dr. Sailto's
research has been supported through grant funding from GOEP.

Wei-Ping Pan, Ph.D., Western Kentucky Univ., Inst. for Combustion
Science & Env. Tech.

Dr. Pan, another GOEP grant recipient, has proposed to support a
restructured FutureGen project through three research areas: "A Novel Coal-
based Chemical Loop Combustion or Gasification for Electricity Generation or
Hydrogen (H,)} Generation with Carbon Dioxide {CO,) Sequestration in the
Circulating Fluidized Bed (CFB)"; "Multiple Air Pollutants Emission Control and
CO; Sequestration in FutureGen Project Using Co-Gasification of Waste Coal
and Biomass;" and "Sequestration of CO, in FutureGen Project with
Simultaneous Production of Green Fertilizer of Ammonia Bicarbonate

(NH4HCO3)."
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Michael F. Keller
Hybrid Power Technologies

United States Department of Energy
¢/o Mr. Keith Miles

Subject: Comments on Revised FututeGen

Gentlemen:

We propose altering FutureGens’ primary objective (using advanced technology to produce
energy fiom coal) to include achieving dramatic teductions in greenhouse gas emissions using
cost effective methods and consistent criteria We further suggest that FutureGen policies more
readily support timely mid-course alterations in 1esponse to changing events or new
technologies.

Given the uncertain nature of global climate change (the causes of which are not universally
accepted) as well as the long timelines associated with such phenomena, we do not believe the
US should be rushed into the premature deployment of massive and ovetly costly greenhouse gas
reduction technologies Specific concerns include:

1. 90% CO2 Capture Greenhouse gas reduction targets should be even-handedly applied
to all power plants that use fossil fuels. Modern combined-cycle power plants using
fossil natural gas achieve the equivalent of 60 percent reductions in greenhouse gas
emissions relative to solid fossil fuel power plants. Such levels are consistent with
international goals and aims To impose more stringent targets (i e. FutureGen’s current
90% reduction target) on coal fired plants is not reasonable and would inflict grossly
unnecessary costs on the consumes .

2. Sequestration. Not all regions of the country are amenable to the sequestration of CO2
nor is there a scientific consensus that the technique is a realistic and viable method to
permanently capture massive quantities of this greenhouse gas. As curtently pmposed
the éntire success of the restructiired FutureGen relies solely on a process that may not
be workable. _
Prudence and common sense str ongly counsel to-avoid potentl catastr ophlc all-or-nothing
strategic gambles, particularly given:the fluid nature of technology-and science.

The ability of alternative technologies to significantly reduce the creation of greenhouse gases
should not be discounted By way of a specific example, the merging of coal and nuclear power
(two resources that we posses in abundance) achieves substantial reductions This hybrid-nuclear
technology is briefly described below.

Hybrid-nuclear Power Plant. A high temperature gas reactor (with some 50 years of
investment by taxpayers) is married with a coal gasification/combined-cycle plant.
Fundamentally, a helium reactor’s gas turbine is used to drive the air compressor of the
combined-cycle portion of a coal gasification plant while the combustion tutbine solely
drives a generator. Conventionally, a nuclear turbine drives an electrical generator while a
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combustion turbine drives a compressor and generator, with the technologies being
completely unrelated. This hybrid marriage effectively doubles electrical output, halves the
size of the combined-cycle and gasification portions of the facility while nearly halving
green-house gas emissions. The net effect is a power plant that is economically competitive
with and environmentally superior to new conventional pulverized coal plants. Such an
advantage becomes even greater when the hybrid-nuclear plant is compared to supercritical
coal as well as integrated gasification combined-cycle power plants that sequester CO2
Enclosure (2) illustiates the hybrid while the Attachment (1) provides an economic and
technical summary of the hybrid-nuclear creation.

We suspect other alternative solutions to gieenhouse gas emissions also exist or will emerge

from industry The FutureGen program should be sufficiently flexible to quickly capitalize on

major breakthroughs when they materialize.

In conclusion, we rtecommend that (1) greenhouse emission targets be evenhandedly applied
to all fossil fired facilities and (2) flexible methods be used to quickly create alternate paths in
response to changing events o1 new technologies

Michael F Keller
President & CEO
Hybrid Power Technologies

Enclosures: (1) DOE Information Request
(2} Hybrid-nuclear INustration

Attachments: (1) New Beginnings: Iybrid Nuclear Energy, Feb 28, 2008, Michael I. Keller
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Enclosure (1): DOE Information Request — Comments on Revised FutureGen

Contact Data

Michael F. Keller

Hybiid Power Technologies
14713 Woodward

Overland Park, Kansas 66223

Phone: 913-681-7687 (home)
913-375-6983 (cellioffice)
o keller@byvhidewr com

FIPR a

Project:
Hybrid-nuclear
Power Plant,
focation open

The hybridsmclear technology is in the early stages of development,
including formation of consortium members and financial backers. While
the underlyving technologies exist {eg combustion turbines, high
temperature gas reactor, coal gasification, combined cycle power plants,
erc) adaptations will be required As such, mimal and front end
engineening will be required.

Discussions with General Atomic in San Diego, Calif and Bums &
McDonnell in Kansas City. Mo are in progress and these parties have
expressed interest. No major combustion turbine manufacturers have yet

sen approached. A major heavy vessel manufacturer (Babcock &
Wilcox) is aware of the hybrid-nucleas technology. These finms are major
and substantial US compames.

The inaugural presentation of the technology to the power industry will
be at the Electric Power Expo 2008 to be held in Baltimore this May —
see www elecir o EPOR: Track 8§ Nuclear Power

Schedule:
to be developed

Assistance will be requested from DOE for funding by way of grants or
other mechantsms at the appropriate point later this year (2008). Grven
the mational strategic security mplications of the hybnd-puclear
technology. an accelerated effort appears in order. With adequate interest
and funding, accelerated targets can be met.

DOE Participation:

fo be developed

Assistance on the level of several million dollars will likely be mitally
requested, although that is contingent on the degree of support from
interested companies and private 1nvestors.

Barriers

The hybrid-nuclear technology is patent pending. No real barriers othet
than those typically encountered upon proposing a major but
uncomventional breakthrough technology.,
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Enclosure (2): Hybrid-nuclear/Coal Gasification Power Plant
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© Michael F. Keller
Hybrid Power Technologies

NEW BEGINNINGS: ower
m kellerid: hvbridowr ¢
HYBRID-NUCLEAR ENERGY Ty R

By combining the best of fossil and nuclear energy, this new lechnology produces low emissions,
economical and exceptionally safe power while pointing the way to energy independence.

The world is facing an increasingly vexing problem caused by reality colliding with the desire
for environmentally clean, yet inexpensive energy In one corner are coal plants that can generate
low-cost powet using abundant reserves of coal, but if emissions are unrestrained major health
and environmental impacts can occur In another corner are natural gas power plants that can
produce energy with relatively low emissions, but the cost to the consumer is becoming
increasingly painful Yet another option lies with building nucleat plants that produce emissions-
free power, but the capital cost is high and some public unease exists with respect to safety

A major complication is an emerging consensus that burning fossil fuels may be a culprit
behind global warming. While intermittent renewable energy supplies (e g wind, solar, etc.) and
conservation can help, the undeniable truth is that the vast quantities of power we continuously
consume overwhelim the practical capabilities of the “green” sources.

A developing new hybiid technology is aimed directly at using abundant coal supplies to
produce teasonably priced and exceptionally safe electrical power, transportation fuels and
energy independence with a timely benefit of dramatically reduced emissions, particularly CO;.
These seemingly impossible objectives are met by a unique marriage of nuclear, gas turbine and
coal gasification technologies to produce an unexpected result -- the hybrid-nuclear power plant

Several facets of energy production and economics provide keys to understanding the
amazing potential of this new family of hybrid energy production plants.

e Natural Gas. A modern combustion tutbine power plant relies on igniting fuel with
comptressed air that then spins a turbine attached to an clectrical generator. About half the
tutbine’s enetgy is actually used to compress the air and a steam turbine driven generator is
also used to recover encrgy from the gas turbine’s hot exhaust. The “combined-cycle” power
plant uses about 50% of the fuel’s energy but the high demand for a dwindling domestic
supply of natural gas has caused the price of this fuel to nearly triple, with little prospect for
reduction. The plants, however, are not particulaily expensive and can be rapidly constructed.
e Coal, About half of the electrical encrgy used in the US is produced from coal for which
hundreds of vears of reserves apparently exist The power generation process is
straightforward (heat from burning coal creates steam that spins a turbine/generator) but
generally not particularly efficient. Coal is inexpensive (being a fraction of cost of natural
gas) but this comes at the price of emissions, particularly COz2. While most of these emissions
can be sharply reduced, major CO, reduction efforts dramatically increase the cost to build
and operate the facilities and cause the plant’s efficiency to plummet.

» Coal Gasification. Major efforts and expenditures are occurring to re-introduce a rather

old technology involving turning coal into a gas. Coal gasification involves heating but not

actually burning coal, with the synthetic gas produced then used in a combined-cycle power
plant. The cost to build such a plant is somewhat higher than a coal plant and emissions are
somewhat lower, As with the coal plant, technology can reduce CO, emissions but at much
increased costs, although not to the level that would occur with a coal plant
Large-scale CO; reductions introduce large-scale complications for all fossil fuel based facilities,
including troubling issues as to “sequestered” CO, removed from the plants. Increasingly strident
political opposition is casting doubt on the practical ability to construct new coal and gasification
plants that burn an abundant but environmentally challenged fuel

Feb. 28, 2008
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Figure 1: Overview of Coal Gasification

Nuclear Power Conventional nuclear plants are expensive, being pethaps two to three times
the cost of comparable coal or gasification plants, with much of this expenditute requited to
insure the safety of the public. The production process is relatively simple and involves using
nuclear heat to create steam that subsequently drives a turbine genetator. However, the high
cost of the plants (billions of dollars) can introduce potentially high financial risks to owners
and investors alike, as history has demonstrated. While the plants are relatively inefficient
(~33%), the price of nuclear fuel, as with coal, is a fraction of the cost of natural gas. Nuclear
plants normally operate at full power and avoid the daily routine laige load swings of the
¢lectrical grid Fossil plants are normally used for such purposes.

For the most part, efforis to construct new nuclear facilities face competitive challenges in
most markets.

Feb 28, 2008
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In an effort to reduce the perceived risks associated with nuclear energy, a promising but
not new technology relies on using a nuclear reactor to heat helium gas that subsequently
drives a turbine generator, with the helium then recycled back through the reactor. The
process uses relatively inexpensive nuclear fuel and is efficient - approaching 50%. A key
feature (unlike a conventional nuclear plant): one could simply walk away fiom the facility,
the core will not melt and the public remains quite safe. However, this high level of safety
comes at a price as the gas reactor can only be about 1/7 the size of the conventional nuclear
cousin. The initial investment risk is, however, more manageable as the plant is less costly
Japan and China are operating prototype high temperature gas reactots and South Africa is
building a prototype power plant. The U.S. is conducting research and has spent several
hundred million dollars on gas reactor technology over the last 25 years

REACTOR

RECUPERATOR.
COMPRESSDR

3 TURBINE  GENERATOR
GEARBOX

ol PRE-COQLER
3 MAINTENANCE

W  SHUT.OFF DISC

HTER-COGEER

Figure 3: Pebble Bed Modular Reactor — courtesy PBMR Ltd, South Africa

CCS & CROS

SYLSTEMS OIL LUEE SYSTEM

Hybrid-nuclear

This unique, patent pending, technology takes advantage of the observation that about half the
power produced by a combustion tutbine is used to compress air. By using low-cost nuclear fuel
and an efficient nuclear system to drive an ait compressor instead of a generator, operational
costs are greatly reduced and electrical output is dramatically increased. Stated somewhat
differently, two combustion turbines would be required to produce the same electrical output as a
single hybrid-nuclear unit. The higher capital cost of the efficient hybrid-nuclear reactot is off-
set by a lower-cost power generation block and nuclear fuel. The net effect is greatly reduced
production costs relative to an equivalent combined-cycle plant that only burns expensive natural
gas. A setendipitous environmental benefit: emissions are nearly halved.

Applying the hybrid-nucleat design to coal gasification allows for the emissions-free
compression of the air used extensively by both the combustion turbine and gasification plant
while simultancously increasing the overall efficiency of the baseline plant. Also, the size of the
gasification and power blocks are about ¥ of that otherwise required. These effects yield highly
competitive and environmentally friendly hybrid power plants that inherently have significantly
lower greenhouse gas emissions than conventional coal or gasification powet plants. The
reduction is so large that the sequestration of CO; is not really necessary

Feb 28, 2008 Jofll
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Major Safety Features Benefits

- Passive cooling, reactor core cannot melt - Exceptionally low emissions

- Reactor located underground - Compact, modular, cost effective design
- Reactor block isolated from grid and environment, - Efficient, large load following capability,
readily handies upsets and accidents well suited for wind/solar co-operations

- Existing proven, approved materials used - Reasonable fuel costs
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Figure 5: Typical Arrangement - Hybrid-nuclear Power Plant
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Figure 6: Overview of Hybrid-Nuclear Power Plant - Coal Gas Fuel
Safety

The safety of the Hybtid-nuclear nuclear plant is a significant improvement over conventional
nuclear facilities because of the inhetent fail-safe heat removal features of the hybiid’s small
reactor In addition, substantial safety maigins as well as operational flexibility are present
because the reactor is not normally connected to a constant speed generator (One should note
that conventional nuclear plants are exceptionally safe but high levels of vigilance and associated
costs are required to achieve and maintain such a state).

The reactor’s silicon carbide fuel is remarkably rugged. Also, extracting weapons grade
material is exceptionally difficult and requites expensive and sophisticated equipment.
Environmental

Relative to emissions, the hybiid-nuclear philosophy is straightforward: minimize the
production of greenhouse gases by partial use of nuclear power, thereby reducing pollution by a
factor of almost two Such an approach is effective and practical, particulatly given the relative
absence of proven underground formations to permanently store massive quantities of CO,.
However, the CO, sequestration methods envisioned foir gasification and coal plants could also
be employed by a hybrid-nuclear plant, but at a much lower cost as only about half as much
equipment is required. The quantity of CO2 produced is significantly less as well.

Because the hybrid-nuclear reactor is small by conventional standatds, spent nuclear fuel is
minimal — a few tons ton per year Unlike a coal plant, ash from a hybrid-nucleat/coal gas plant
is an environmentally benign, non-leeching glass-like slag that has many commercial uses.
Further, such solid wastes are less than half the hundieds of thousands of tons discharged in a
year from a comparable coal or gasification plant.

Water use is a fraction of that used by similarly sized coal o1 conventional nuclear power
plants — such facilities would typically use roughty 10 million gallons or 30 acre-feet per day.

Teb. 28, 2008 50f11
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Economies
In a market driven economy, the cost to produce power is only half the picture The
investment must also be profitable. Today’s de-regulated electrical market is highly volatile, with
large seasonal power price swings - for that matter, large fluctuations exist between early
morning and afterncon Include highly volatile fuel prices, such as natural gas, and power plant
economics become exceptionally challenging for consumer and investor alike. The hybrid-
nuclear financial approach combines stable tow-cost coal and nuclear fuels with a reasonably
priced power plant to minimize the potentlally lar ge rlsks of the uncertain power market

Figure 8: Fuel Prices - courtesy Nuclear Energy Institute
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Hybrid-nuclear NET COST of POWER*
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* Includes cost of debt repayment but no profitireturn

Figure 9: Power Plant Economics — Net Generation Cost

Approximate financial predictions (return on investment before taxes) for new hybrid-nuclear,
coal, gasification combined-cycle and nuclear plants that are constructed in the Eastern US and
using 2006 clectrical grid as well as fuel prices and similar financing assumptions.
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Figure 10: Power Plant Economics — Profit/Return on Investment
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The analysis provides an indication of investment potential in a market driven economy
¢ The hybrid-nuclear as well as the coal plants achieve comparable positive returns {(sub-
teens), while that of the gasification plant is somewhat less
s The combined-cycle plant posts small losses, absent higher market prices for power.
e The nuclear plant profitability is problematic absent relief or higher market prices.
While a fully regulated market is somewhat different, the trends would be similar
Utilization of the more advanced G/H series combustion turbines with gasification would
increase overall efficiency and output several percent and thus yield even better economics (as
well as emissions approaching that of combined-cycle power plant in the case of the hybrid).

Energy Storage
Ordinarily, electrical power is difficult to economically store. However, the flexibility of the

hybrid-nuclear technology readily supports energy storage, thereby taking advantage of the large
matket price differentials between day and night power usages.

Compressed air

Unde Alj'g'rgu nd

Combustion
Turbine

-Generator

ma amil

Inlet Fuel
Air

Gas
Turbine

:Generator

cluteh™=1
Gompressor. . Combustion |
L o Turbine

i Generator ' .\_- -
o L Steam Turhine ﬁ_
Condenser

Gas [ Booster

@ y Compressor Combined-cycle Block

Figure 11; Energy Storage
During off-peak periods, the reactor block driven comptessors can divert pressurized air to an
underground storage cavern, with the compressed air 1eleased for use with a combustion turbine
ot a combined cycle block during periods of high electrical energy demand. On a compatative
basis, the 2x1 hybrid-nuclear facility exhibits apptoximately double the output of an equivalent
conventional 2x1 combined-cycle plant. The hybrid configuration, when coupled with the higher
daytime market price for powet, should lead to a highly profitable investment.

Co-operations with Renewable Sources

The configuration of a hybrid-nuclear plant allows for a unique integration with renewable solar
energy. For those regions with sufficient quantities of solar energy, the hybtid-nuclear plant can
use the sun to pre-heat the compressed air fired with the combustion turbine. Fossil fuel use
(already significantly reduced) can be further lowered roughly 15%, which when coupled with
the much higher market price for power during the day, likely yields a more profitable
investment than conventional applications using concentrated solar energy
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Figure 12: Solar/Hybrid-nuclear

With respect to wind energy, the ability of hybrid-nuclear plants to readily altet output can
afFiane o la; moomnio A A " This jr\in‘i‘

T

smooth the power fluctuations ummagiy associated with wind cnergy farms Th
configuration allows for acctuing higher market prices than wind energy can normally command.

LI

Summary :
A summary comparison of large-scale energy options yields interesting observations
Table'l: RELATIVE ASSESSMENT — Energy Options
Category Hybrid- Hybiid- - | Nuclear | Gasification Coal Gas
) nuclear/ gas i nuclear/coal : )
Health & Safety - Best Average - Good Sub par Problems Average
Emissions. ' Good Average- || ~ Best Sub par .| Problems. .; Average: .
Operating Cost Sub par. “ Good- | Best | Average | Average | Problems
Capital/Fixed Cost Good: . i Subpar | Problems | Average .| Average | Best
Net Cost of Energy Average . | Best | Problems | Average o .Good | ~Subpar-
Fuel Price Volatility | Subpar | Good Best | ‘Average- | Average ‘| Problems
Profitability -~ | Best = 1 Good . | Problems | ‘Average | ‘Average | :Subpar
" Ranking (score) ANt 2o d@n| 3 @20 o5 @3 6 29 4 (25)

Scoring: Best =1, good = 2, Avetage =3, sub par = 4, problems= 5

The hybrid-nuclear technologies build upon the combined-cycle plant’s high efficiency and low
cost, minimal emissions of nuclear power, absolute safety of the Helium reactor, simplicity of
the gas turbine as well as the stable low cost of nuclear and coal fuels while minimizing the
disadvantages of the parent technologies. The hybrids offer a more effective solution than any of
the single fuel options. '

Replacement of older inefficient coal plants (average age of US fleet ~ 30 years) with hybrid-
nuclear units would drastically reduce CO2 emissions as well as pollutants such as mercury and
sulfur dioxide International targets for reduction of greenhouse gases would be easily met
Widespread use of the hybtid would also significantly reduce the demand on the natural gas.

The Future

Longet range, the hybrid-nuclear technology readily supports a hydrogen economy, but in an
unconventional fashion A steam electrolysis block can be integrated with the facility to produce
Hydrogen (byproduct) and Oxygen, with the latter used in the coal gasification block The
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reactor block provides compressed air, heat and steam; the combined-cycle block provides steam
and genetates power; and the gasification block provides synthetic fuel. Such an integrated
process could supply hydrogen for several hundred thousand fuel cell vehicles and enough power
for a city. Further, the gasification block could also supply diesel and jet fuel, with emissions
significantly less than any existing processes that convert coal into such liquid fuels.
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Figure 13: Integrated Energy Production
An economically sustainable and environmentally realistic future would involve:
Extensive conservation of energy and widespread use of renewable SQutces.
Prudent use of fossil fuels.
Conventional nuclear providing base load electrical generation.
Hybrid-nuclear providing electrical generation and transportation fuels.
Such a strategy would allow us to shape our own energy and economic destinies while providing
future generations with an environment significantly better than today’s.

1

Conclusion

The family of hybrid-nuclear technologies offers a safe, practical, simple, clean and cost
effective means to provide energy not only for today but for future generations while
simultancously and significantly lessening dependency on volatile foreign energy sources.
Because of the unique integiation with proven eneigy production methods, hybrid-nuclear power

plants can be fully developed and deployed relatively rapidly. -
In the final analysis, we can agonize over our dilemma or move forward with solving the

problem. Hybtid-nuclear energy can be a practical and realistic part of the solution.

Feb 28,2008 100t 1l



Hybrid-nuclear Energy

N

Technologies

Michael F. Keller — President and CEQ

Hybrid Power Technologies LLC was formed in the summer of 2005 to develop and promote a new family of
patent-pending hybrid power plants that use nuclear and fossil fuel sources The hybrid-nuclear facilities are a
major technological breakthrough and offer the real possibility of energy independence.

Mr Keller is a veteran of the power industry with extensive and wide-tanging management, business,
operations, design, engineering and technical expertise. This in-depth experience has been acquired while
working for utilities, plant designers, construction companies and equipment manufacturers Extensive “hands-
on” experience with world-wide generating stations, including combined-cycle power plants (oil, gas, proparie
and liquefied natural gas fired), simple-cycle gas turbines, nuclear and coal power plants as well as steam-
methane reformer hydrogen plants

Professional

Bachelor of Science-Nuclear Engineering, University of Virginia

Master of Science-Mechanica! Engineering, Rensselaer Polytechnic Institute
Master of Business Administration, St Martin’s College

Senior Reactor Operator Site Certificate

Professional Engineer - State of Kansas

Pending US Patent: Hybrid Integrated Energy Production Process
m.kefler@hybridpwr.com kellermfk@aol.com 913 375 6983 (cell)

Feb. 28, 2008 1Tofli
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March 3, 2008

Mr. Keith Miles

Department of Energy

National Technology Energy Laboratory
626 Cochrans Mill Road

P.O. Box 109490

Pittsburgh, PA  15236-0940

Dear Mr., Miles:

Hydrogen Energy International LLC (HEI) is pleased to
provide comments on the Department of Energy’s Revised
plan for FutureGen. HEI is a joint wventure company,
50% of which is held by BP Alternative Energy North
America Inc. and 50% by Rio Tinto Hydrogen Energy LLC.
HEI was formed toc develop a material business through
the use of hydrogen fuel for the generation of low
carbon power through the conversion of fossil fuels in
combination with carbon dioxide capture, transportation
and geological storage, including the potential use in
enhanced hydrocarbon recovery.

HEI encourages the Department of Energy to pursue the
impoxtant objectives of providing robust learnings and
demonstration of capture and storage for sharing with a
broad base of domestic and international stakeholders.
We believe that FutureGen as originally proposed
remains essential to the energy health and security of
the United States, and in tackling the global challenge
of climate change. The program will provide important
research and application to help ensure we use our most
abundant fossil fuelsg in the cleanest way possible.

We further support providing funding to commercial
projects in addition to the original FutureGen concept

in order to supplement and increase these learnings and

to accelerate technology development, demonstration,
and deployment

[ )

wakte
s

hydrogen energy

www. hydrogenenergy.com

™~

+11 56

One World Trade Center, Suite 1600, Long Beach, €A 90831-1600 Mair 1+1) 562-276-1543 Fax i
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EXPRESSION CF INTEREST

Hydrogen Energy International LLC herewith expresses
interest in considering participating in the revised
FutureGen initiative.

GENERAL INFORMATION
Project Name: Hydrogen Energy California (HECA)
Point of Contact: Jonathan Briggs
One World Trade Center
Long Beach CA 20831
(562) 276 1510 .
Jonathan.Briggs@HydrogenEnergy . com

PROJECT DESCRIPTION
The project location will be the San Joaquin Valley,
California.

HECA could be an industrial scale plant generating ‘low
carbon’ electricity using hydrogen to fuel a combined-
cycle gas turbine. The plant incorporates gasification
of go0lid fuels - bituminous coal from the western
United States and/or petroleum coke from California
refineries - to provide a hydrogen-rich fuel for power
generation and CO, for enhanced oil recovery and
sequestration.

Key plant design features could include the following:

s Syngas generation using GE Quench gasification
technology with a multiple gasifier configuration
to enhance plant reliability.

s Hydrogen-fuelied GE Frame 7FB gas turbine in
combined cycle configuration generating a nominal
gross power output of 3%0 MW at average ambient
conditions.

¢ The gasification plant will be designed to achieve
a carbon capture target of approximately 90%wt of
the carbon pregent 1in the coal/coke feed during
steady state operations.
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e Approximately 2.5 million tones per year of
captured CQ, will be delivered by pipeline to a
very large oil £field for wuse in Enhanced 0il

Recovery (EOR) and sequestratiomn.

e Plant siting and facilities Ilayout will ensuze
initial development does mnot preclude future

exXpansion.

We are also actively evaluating a number of options to
build on this initial development to supply additional
low carbon power to California consumers.

PROJECT DEVELOPMENT STATUS

HECA and itg affiliated entities engaged in project
development for the best part of two years, and
benefits from a clear delineation of technology, basis
of design and scale, and site required for the purpose
of pursuing local permits ahead of construction. The
necessary frameworks have also been established,
together with a local outreach and stakeholder
engagement process. Front End Engineering Design is
expected in 2009. Plant operations are expected to
commence in 4¢ 2014,

Hydrogen Energy subsidiaries employ some one hundred
people, and an equivalent number of contractors,
dedicated to pursuing the development of low-carbon
power with CCS, including thirteen permanent employees
working full time to develop the California project.
In addition, this project has engaged Fluor, Jaccbs
Engineering, and Roberts and Schaefer to provide
engineering sexvices, URS to develop the Project’s
permit and a number of other firms to provide
specialist engineering and consultative services.

The HECA team has and will continue to draw on the
extensive body of knowledge developed by previous
hydrogen enexrgy and CCS project development efforts at
Peterhead, Scotland - the world’s only hydrogen power
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plant with CCS to be fully permitted - Carson,
California as well as a Hydrogen Energy affiliate’s
recently announced project in Abu Dhabi.

PROJECT PROPONENTS

HEI is a joint venture company, 50% of which is held by
BP Alternative Energy North America Inc. and 50% by Rio
Tinto Hydrogen Energy LLC. HEI was formed to develop a
material business through the use of hydrogen fuel for
the generation of low carbon power through the
conversion of fossil fuels in combination with carbon
dioxide capture, transportation and geological storage,
including the potential use in enhanced hydrocarbon
recovery.

Rio Tinto is a leading internatioconal mining group. Its
parent company, headquartered in the UK, combines Rio
Tinto plc, a London-listed public company, and Rio
Tinto Limited, which is listed on the Australian Stock
Exchange {(collectively, the “Group”) The Group finds,
mines and proceggses the earth's mineral resources -
metals and minerals essential for making thousands of
everyday products that meet society's needs and
contribute to improved living standards. The Group's
major products include aluminum, copper, diamonds,
energy products (coal and uranium), gold, industrial
minerals (borates, titanium dioxide, salt and talc),
and lron ore. Its activities sgpan the world but are
strongly represented in Australia and North America.
There are also significant businesses in South America,
Agia, Europe and southexn Africa.

BP and its subsidiaries axre one of the world’s largest
0il and gas companies with operations in more than 100
countries acrosgs six continents. The company’s main
bugsinesses are exploration and production of oil and
gas; refining, manufacturing and marketing of oil
products and petrochemicals; transportation and
marketing of natural gas; and a growing business in
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renewable and low-carbon power, BP Alternative Energy.
BP's renewable and low-carbon interests combined in BP
Alternative Energy include: BP Scolar; the company’s
fast growing interests in wind power; gas-fired power
generation; biofuels, distributed energy; coal
conversion and BP's interest in Hydrogen Energy.

PROJECT SCHEDULE

As discussed above, HECA expects to commence operations
in 40 2014, which exceeds DOE’'s schedule aspirations
for plant operations. However, as more fully discussed
below, HECA believes that storage of CO, in a saline
formation by 2015 is likely to be found impractical and
that CO, injection into an oil and gas formation is
likely to provide a preferable storage option that is
both proven and commercially viable.

ESTIMATED DOE CONTRIBUTION

We expect early CCS projects to require a mixture of
incentives to cover the capital and operating cost
premium associated with the technology. As part of the
required mixture of incentives and other revenue
streams such as EOR value we expect, based on current
estimates, a contribution fxom DOE of approximately
$300-500 million for carbon capture and transportation
facilities could help enable the project to proceed.

Note this does not include the cost to identify,
delineate and develop a saline formation with assured
storage volume and sealing mechanisms. Although we
will be looking to develop saline formation options, we
believe that these costs are highly location-specific,
forgo the capture of any EOR value to supprt project
costs, and are likely to provide additional challenge
toward a successful precject.

BARRIERS TO EFFECTIVENESS
The primary karrier to the effectiveness of the
proposed restructured approach to the FutureGen
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initiative is the requirement to store CO, in saline
formations by 2015. Planning studies conducted by HEI
indicate 7-10 years should be allowed in a project’s
schedule to identify, delineate, characterize and
develop a saline formation for sequestration. The
amount of work required for saline formation
exploration, appraisal and development is broadly
analogous to oil and gas exploration and production
programs. This is not widely appreciated and so may
not be seen as a barrier by many project developers.

Depending on the costs associated with sequestration in

saline formations, Hydrogen Energy may determine that
the project is more economically viable with a CO,
revenue stream for enhanced oil recovery purposes.

We know that DOE recognizes that projects have
location-specific options for storage formations. We
encourage the Department to structure its program to
include CCS projects within oil and gas formations with
the potential for enhanced hydrocarbon recovery.
Supporting multiple projects with differing storage
formation characteristics can enhance the demonstration
of CCS technology and spur broader development of

IGCC/CCS projects.

Another potential barrier to effectiveness of DOE's
restructured FutureCGen initiative is the mechanism used
to provide financial support to nominated projects.
HE-CAl believes DOE’'s financial support mechanism must
be fully funded, not contingent on annual approvals,
and schedule-certain so that developers of nominated
projects can include the DOE funding benefit in theilr
economic evaluations.

ADDITIONAL COMMENTS ON PROPOSED RESTRUCTURE OF
FUTUREGEN '

HET would like to emphasize the critical need for
significant levels of carbon capture in order for
advanced coal technology tc serve as an effective
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climate mitigation measure. We agree with DOE’s
steadfast gecal in supporting projects with a high level
of capture, at a minimum of 80%. We firmly believe
that a high capture rate is necessary if advanced coal
technology projects are to outperform natural gas and
make a meaningful contribution to tackling the impact
of climate change HEI is committed to demonstrating
these higher levels of capture and, indeed, as noted,
the project described herein will be designed at steady
state to achieve a capture rate of approximately 90%.

We also request that the DOE will include petroleum
coke and coal/petcoke blends as feedstocks in its
FutureGen and other advanced coal technology
demonstration programs. It is important to include
petcoke, a coal-like substance, which is an abundant
byproduct of petroleum refining and has encrmous
economic and energy potential for demonstrating
advanced coal technology.

We also note that CCS projects require a wide range of
skills foxr successful implementation and are likely to
inveolve collaboration between companies with diverse
expertise, including transport and storage. The
precise commercial strxuctures of projects will remain a
matter for the parties but may well involve a certain
degree of commercial separation and focus by companies
on their areas of core expertise.

Furthermore, we feel obliged to comment that the
current level of funding proposed for the Revised
FutureGen program is gimply not sufficient to support
multiple projects. We urge DOE to manage expectations
within the Department, Congress, and other
stakeholders, that multiple projects will ultimately
require additional funds. We urge the Department to
continue pursuing funding programs that will allow
vigionary companieg with robust capabilities, such as
Hydrogen Energy International, to develop IGCC/CCS
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projects in the U.S., such as that planned for
California, and additional locations in the future.

Agalin, we appreciate the opportunity to comment and
provide our expression of interest in the Revisged
FutureGen program. The material in this letter
describing the project description, project development
status, project schedule and estimated DOE contribution
is Business Confidential Information.

Sincerely,

o

Jonathan Briggs
Regional Director, Americas
Hydrogen Energy International, LLC



dCQO lHinois Department of Commerce and Economic Opportunity

Rod Blagujesich Jack Lavin
Coene FRET Dredor

March 3, 2008

State of Illinois Comments on Request for Information --
U.S. Department of Energy Restructuring Plan for Carbon Capture
On Commercial-scale Coal Gasification Facilities

Introduction

Illinois is a leading U S. coal producing state with an indisputable commitment to development
of'clean coal technology, particular ly in thc area of capture and scqucstr'ation (CCS} of carbon

yeats of work in support of two ﬁnalrst srtcs for the orlgrnal Futurchn pm}ect In additlon,
[llinois is one of only two states in the nation that have cnacted legislation to limit the Hability of
entities injecting CO2 into underground saline reservoirs.

On behalf of Illinois Governor Rod Blagojevich, the Illinois Department of Commerce and
Economic Opportunity has reviewed the U.S. Department of Energy’s recent solicitation of
parties, projects and sites to be considered for funding under DOE’s post-FutureGen initiative.
Few stakeholders have more insight, or keener interest in the outcome of this process than the
State of lllinois. We urge the Department of Energy to recognize the inherent shortcomings
of its post-FutureGen plan and abandon it. DOE instead should negotiate a reasonable
cost-sharing agreement with the FutureGen Alliance. FutureGen must proceed without
further delay, as originally structured, at the highly qualified site chosen at Mattoon,
Hlinois.

The state’s position may not be unexpected, given the investment the State of Hlinois has made
in the project. We recognize that our path to energy security and a better environment for owr
children is inextricably dependent on sound federal enetgy policy and federal support for an
aggressive and diverse clean coal research and development program. FutureGen should not be
the program in its entirety, but should be at the heart of the program. Therefore, Illinois, its
fellow coal states and the world will be losers under the proposed restructuring of the DOE’s
Integrated (Coal) Gasification Combined Cycle (IGCC)-CCS initiative, The reasons for this
judgment will be explored in more detail focusing on the following critical areas:

* Timeliness

v  Commetcial viability

* International impact

* Energy policy credibility

Internet Address htep:/fwww commerce state il us

620 East Adams Street James R. Thompson Center 2309 West Main, Suite 18
Springfield linois 62701-1415 100 West Randolph Street. Suite 3-40% Marten lllinois 62959-1180
Chicago. lfiinois 606013212
2177782-7500 3124844-7179 618/997-4394
TDD: 800/785-6055 TDD; 800/785-6055 TDD: 800/785-6055

Printed on Recycled and Recyclable Paper



Comments on Areas of Critical Concern
1. Timeliness

The Department’s untimely abandonment of its partnership on the proposed FutureGen at
Mattoon project represents a valuable opportunity squandered. The abrupt decision came at the
end of a two-year-long site selection process whose timeftames, by and large, were dictated by
DOE and requirements related to the National Energy Policy Act (NEPA). The attempt to halt
FutureGen also came as the project’s developers wete about to launch three-dimensional seismic
testing of the area around the Mattoon site [t also came as the developers wete about apply for
an [llinois Environmental Protection Agency permit to drill a mile-deep characterization well to
expedite the project.

The two-year period mentioned above also was marked by sharply increasing pressure from
several sectors to explore technological solutions to greenhouse gas emissions caused by coal-
fueled electric generation facilities.

The process of advancing FutureGen to the brink of site selection was thorough. Considerable
public, political and institutional support was generated for the project at all four finalist sites. In
addition, support for the an Ilinois site was demonstrated by governors and othet policy leaders
of nine states representing about three-fourths of the coal tonnage mined in the U.S. and more
than half of the electricity gencrated from coal ]

The alternative plan outlined by DOE, along with comments fiom Energy Secretary Samuel
Bodman, point to project selection no earlier than December 2008 That date, the Secretary has
said, most likely would be achievable only if a project proponent used one of the four original
finalist sites for which NEPA-EIS work had been completed

The best guide for timing is the most recent experience with DOE and the NEPA process for a
single project site, coupled with difficulties incorporating pioneering technology to inject and
store CO2. Under such a scenario, the Secretary’s goal of completing a project and initiating
CCS by 2015 is extremely ambitious, even for a single configuration and location. DOE’s stated
time line for multiple sites and configurations is virtually unachievable Further delay is likely to
occut with a new Administration taking office in January.”

! Fhe states: INlinois, Indiana Kentucky, Michigan. Ohio. Pennsylvania. West Virginia Wisconsin and Wyoming

2 There is na way we will get anything before 2012 on the same type of scale *(as FutureGen]} and [ m not convinced that anybody's
going to be able to do it cheaper than FutureGen" - Howard Herzog of the M 11 Laboratory [er Energy and the Environment, gucted in
jan 13 2008 issue of Scientific American



Even with a December 2008 project selection date, the eatliest a Draft Environmental Impact
Statement could be completed is the fourth quarter of 2009 Again, under the most optimistic
circumstances, an additional six to nine months would be consumed by publication of the
findings, public hearings, public comment periods and review/response to those comments. This
would allow project selection to occur no eatlier than the second or third quarter of 2010. A more
realistic estimate for project selection is mid-2011. Additional time would be consumed for
permitting and final site characterization wotk, as well as any legislative initiatives related to
ownership and liability for damages 1elated to CO2 injection.

The catliest a new project could be operational is likely to be 2016. FutureGen at Mattoon can be
operational in 2012, The reprogramming of FutureGen will delay important technology
development by three years or more and tisk further cost escalation while the world waits for a
solution to the most important issue facing the world’s environment and the future of our
children.

CONCLUSION: Using reasonable scenarios, five years or more could be lost in pursuing
demonstration of CCS from an IGCC plant, if such a facility is ever built. In the absence of
mandatory CO2 reduction legislation, private sector sponsors of commetrcially viable
IGCC plants will be unwilling to assent to project delays, risking continued cost increases
in the interim. As a result, demonstration IGCC-CCS plants in the U.S. will become
unaffordable, and the U.S, no longer will control its own destiny in pursuit of near-zero
emissions coal-to-electricity technology development.

2, Commercial viability

The Department of Energy’s RFI makes broad, and in many cases faulty assumptions about the
technical feasibility and commercial viability of stand-alone IGCC power plants. The most
serious flaw in the DOE analysis is that recent project delays and cancellations are due solely to
uncertainty about future CCS requirements

Only two electric plants in the U.S today use IGCC technology — the Cinergy/Duke Energy
Wabash River Station in Indiana and Tampa Electric’s Polk Station in Flotida. Both were built
more than a decade ago, both with heavy government subsidies. Today, neither is being runona
straight feedstock of coal *A third attempt to demonstrate IGCC in the U.S , the Pifion Pine
Project in Nevada, never reached steady-state operations. Despite this track tecotd, DOE asserts
that coal-to-IGCC technology is suddenly mature, despite the fact that there has not been a single
commetrcial-scale U.S demonstiation project in nearly 15 years.

The DOE also wiongly blames the shelving and cancellation of IGCC projects solely on
uncertainty about forthcoming C02 regulations. In doing so, the agency ignores obstacles such as

3 Wabash River now cperates on petroleum coke Polk Station burns a combination of coal. petroleum coke and biomass



facility cost and power marketability that have prevented commercial-scale deployment of an
IGCC fleet for years In fact, several IGCC projects, including a plant in 1llinois, have received
air permits to proceed with construction without a carbon management plan. Typically, such
projects have been slowed or halted due to cost estimates forecast 30-50 percent above targets,
along with 1isks associated with building commercially unproven technology. Recent uncertainty
over carbon regulation has been cited as a third stumbling block

A final flaw in the Department of Energy’s counterproposal is the naive assumption that projects
can succeed with 100 percent federal funding of the facility’s back-end CCS system, but without
major financial incentives for the power side of the project. This means DOE expects a private-
sector utility to build a plant that already is unaffordable and, to further compound the problem,
“de-rate” that facility’s efficiency by as much as 20 percent with the parasitic power load of a
back-end, 90 percent-capture CCS system.

The FutureGen initiative was proposed and advanced to demonstrate ways to reduce risks while
field-testing and adapting the best available IGCC technology The project’s success would
foster widespread investment in new IGCC-CCS plants. However, given the obstacles and
uncertainties cited above, the IGCC facilities now envisioned by DOE can be built only in states
where the electric rate structure accommodates the pass-through to electric consumers of highet
per-kilowatt prices due to inflation and other risks associated with demonstrating unproven
technology. While there may be widespread benefits from using these facilities as laboratories
for CCS technologies, significant costs of this trial-and-etror process will fall unfairly on electric
customers of a select group of states +

A more responsible alternative remains available by proceeding with the original integrated
[GCC-CCS plan of FutureGen. Tt would receive sufficient federal support to build, operate and
demonstrate technologies for a broad corporate and international clientele while, as early as
possible. At the same time, it begin to build public support for the concept of near-zero emissions
coal power and safe storage of CO2 in widely available underground formations.

CONCLUSION: Commercially competitive plants utilizing IGCC technology can not and
will not be built without substantial government subsidy beyond the CCS component, The
Department of Energy is egregiously unrealistic in asserting that IGCC technology has
reached an off-the-shelf level of maturity. It is equally unrealistic to believe DOE can
launch a multi-site carbon capture initiative for DOE’s estimated $1.3 billion price tag. If
these plants can be built at all to provide a platform to demonstrate CCS technologies, they
will be built in states whose electric consumers would be torced to assume a
disproportionate share of the cost burden.

* American Electric Power’s proposal to build a commercial-scate IGCC project in Ohio has been challenged in court by the Chia Office of
Consumer Counsel, representing the state's residential electric customers The lawsuit asserts that AEP had not proven an [GCC plant
would be the lowest cost alternative for meeting the energy needs of AEP customers in the state of Ohio.



3. International significance

One cannot underestimate the importance of the word in the phrase “global climate change ”
Reducing greenhouse gas emissions is a global concern in need of solutions without borders.
CCS has been identified by the U.N. Intergovernmental Panel on Climate Change (IPCC)as a
most critical technology for reducing CO2 emissions

When launching the FutureGen initiative in 2003, DOE highlighted the advantages of a project
co-sponsored by coal producets and users worldwide The FutureGen Alliance responded, with
the help of Alliance members, DOE and the U.S State Department, to organize and grow what
has become a 13-member international consortium of private sector partners with representation
on six continents” As a group they envelop the globe and represent the diversity of industrial
resources and corpotate cultures.

In attempting to cancel the project upon selection of an Illinois site, Secretary Bodman
announced a counterproposal that not only delays CCS implementation by as much as five years,
but also moves ahead with a U S.-only project. Bodman essentially said the U.S. would proceed
with a myopic, go-it-alone strategy he termed “an all-around better investment for Americans.”

Even as a coal state focated in the middle of North America, [llinois recognizes the short-
sightedness of this view. The appeal of the FutureGen initiative, in no small measure, is its
scope and vision. The Department of Energy’s hastily constructed Plan B, to fund “back end”
CCS systems for isolated IGCC projects scattered around the U S., lacks the vision that is critical
to correct global climate change. In addition, the U.S will have done nothing to capitalize on the
substantial investment to date by private industry and international partners

DOE all but admits this limitation for the scope it has outlined for Plan B. The agency’s RFI
states that the purpose of the solicitation is “to better reflect the current and future needs of the

U 8 coal-fired power sector.” Only the briefest mention of international impact is contained at
the end of the same document section, where DOE adds, gratuitously: .. the revised FutureGen
is expected to provide for international coordination designed to benefit all participants interested
in future deployment of coal-fired electric power plants.”

COMMENT: By moving swiftly back to its original vision for FutureGen, the U.S,
Department of Energy can regain for the U.S. the initiative in developing etfective CCS
technology. International interest in the FutureGen at Mattoon project is not yet lost, and
foreign participation will likely increase if DOE does not turn its back on its global
responsibility and allow IGCC-CCS technology to be developed on foreign soil.

% Alliance members include the Huaneng Group (China), Anglo American Power {United Kingdom) BHP Billiton (Australia) and Xstrata
Coal {Australia). in addition, Anglo American has operations in Africa. Australia and South America The parent of E QN US has offices in
Germany and Argentina; and Xstrata Coal has operations in Australia South Africa and Columbia



4. Government credibility

By any measure, the Department of Energy’s attempt to scrap FutureGen at the 1 1" hour has
created a cloud of uncertainty over the agency’s credibility as a project partner. This action also
has also biought into question DOE’s sincerity to carry out President Bush’s pledge to move
ahead effectively on CCS and other clean coal technology efforts.

In its move to structure, DOE misled its project partness, indicating as recently as early
December that FutureGen at Mattoon was on trtack. This late-in-the-process reassurance came in
numerous forms:
¢ Completion by DOE of a rigorous site review process that included outpourings of
community suppoit at public hearing venues such as Riddle Elementary School in
Mattoon, the Tuscola Community Center and two similar locations in Texas
» Issuance by DOE of a Final Environmental Impact Statement on Nov. 9, 2007, and
publication of the Final EIS on Nov. 17
o A November 30 letter fiom Secretary Bodman to U S. Rep. Timothy Johnson of [llinois
indicating that a Record of Decision approving the finalist sites would be entered by the
end of Decembet
e Seclection of Mattoon as the host site at FutureGen Alliance board meeting in eatly
December
e Showcasing of FutureGen by DOE at its exhibit at a December 10-13 at a major powet
industry conference in New Orleans

Only days later, members of the [llinois congressional delegation were told the deal was off —
that DOE would not seek FutureGen funding in its upcoming budget request and that it would
issue what became the lanuary 30 RF{ seeking multiple IGCC-CCS sites  One DOE executive,
in fact, referred to FutureGen as “building Disneyland in a swamp” at Mattoon He later issued
an apology

In its cutrent budget request, DOE is asking Congress for $407 million to increase the efficiency
of burning coal, according to the Scientific American, as well as to research how to buin coal

most efficiently In addition, DOE is requesting $241 million to demonstrate CCS technologies.
The cost is at least $900 million less than DOE said it would have cost to complete FutureGen  °

® Scientific American Jan 13 2007



DOEL is largely ignoring the damage a minimum five-year delay that restructuring will have on
the futwe of the U S coal industry and progtess on captuting greenhouse gases Meanwhile,
DOE is advancing a multi-site CCS alternative based on flawed economic teasoning, and with
virtually no recognition of substantial international participation to date. Finally, DOE is asking
for a new set of corporate partners to trust DOE while subjecting theit IGCC projects to costly
delay and significantly decreased efficiency. '

As Secretary Bodman tecently told Congress, the shortest path to a successful IGCC-CCS
demonstration project is through sites in Mattoon and Tuscola in Hlinois and Jewett and Odessa
in Texas. These ate the only sites for which costly and time-consuming EIS studies been done.
Only in lllinois and Texas have laws been enacted to assume public liability for injected CO2.
These are the only sites that could be reasonable to expect an I[GCC-CCS project to achieve
DOL’s time frames

COMMENTI: To regain its credibility and move FutureGen forward on a meaningful time
line, the Department of Energy must acknowledge the qualifications of the two Texas and
two Illinois sites by issuing its pending Record of Decision,



Summary

Upon review of the Department of Energy’s solicitation of interest issued Jan. 30, 2008, the state
of Illinois is submitting these comments highlighting the fundamental flaws of the DOE plan in
the following areas:

Timeliness: :

Using reasonable scenarios, five years or more could be lost in pursuing demonstration of CCS
trom an IGCC plant, if such a facility is ever built. In the absence of mandatory CO2 reduction
legislation, private sector sponsors of commercially viable IGCC plants will be unwilling to
assent to project delays, risking continued cost increases in the intetim As a result,
demonstration IGCC-CCS plants in the U.S will become unaffordable, and the U.S. no longer
will control its own destiny in pursuit of near-zero emissions coal-to-electr icity technology
development.

Commercial viability:

Commercially competitive plants utilizing IGCC technology can not and will not be built
without substantial government subsidy beyond the CCS component. The Department of Energy
is egregiously unrealistic in asserting that IGCC technology has reached an off-the-shelf level of
maturity. It is equally uniealistic to believe DOE can launch a multi-site carbon capture initiative
for DOL’s estimated $1.3 billion price tag. If these plants can be built at all to provide a platform
to demonstrate CCS technologies, they will be built in states whose electric consumers would be
forced to assume a disproportionate share of the cost burden.

International participation

By moving swiftly back to its original vision for FutureGen, the U S Department of Energy can
regain for the U S the initiative in developing effective CCS technology . International interest in
the FutureGen at Mattoon project is not yet lost, and foreign participation will likely increase if
DOE does not turn its back on its global responsibility and allow IGCC-CCS technology to be
developed on foreign soil.

Government credibility

To regain its credibility and move FutureGen forward on a meaningful time line, the Department
of Energy must acknowledge the qualifications of the two Texas and two 1lfinois sites by issuing
its pending Record of Decision

Conclusion

The State of 1llinois urges DOE to recognize the inherent shortcomings of its post-FutureGen
plan and abandon it. DOE instead should negotiate a reasonable cost-sharing agreement with the
FutureGen Alliance and proceed without further delay to dévelop the original FutureGen project,
at the highly qualified site chosen at Mattoon, Illinois



Indiana Center for Coal Technology Research

Located in The Energy Center at Discovery Park, Purdue University

To: Keith.Miles@NETL.DOE.GOV

From: Marty ltwin, Director, Center for Coal Technology Research, and Office of Energy and Defenses Affairs, State of
Indiana

Subject: “COMMENTS ON REVISED FUTUREGEN.”

The State of Indiana sttongly supports the DOE efforts to refocus FutureGen to invest only in the capture and store
components of proposed projects. Otherwise the proposed projects should be commercially viable. We believe that
this opens the doot to a variety of alternatives that otherwise would remain unexplored

Indiana is aggressively pursuing a family of clean coal options as part of its energy strategy. We have supported a
series of analyses assessing the suitability of Indiana as a home for a variety of coal gasification-based industries,
not just power generation All of the options we have reviewed, in fact, produce a great deal of power. We have
explored the gasification suitability of Indiana coals, our transportation and support infrastructure, and identification
of the highest opportunity sequestration opportunities, among many othes.

We already host one of the major successful gasification projects -- the Wabash River coal gasification facility.
Through the Indiana Center for Coal Technology Research, we have provided funding for the SAIC Coal to Liquids
feasibility study. Moreover, with the full support of the Governor’s office, the Indiana Department of
Envitonmental Management 1ecently approved the permits for a 650MW IGCC power plant in Edwardsport,
Indiana (explicitly designed as sequestiation ready), and we are considering other gasification proposals.

With the potential of bringing multiple IGCC operations on-line, the state has entered into discussions with industry
and government stakeholders about the potential for developing joint approaches to building sequestiation
infrastructure. Indeed, before DOE restructured FutureGen, we had agreed to collaborate with Illinois on their

project.

The Governor supports and encourages each of the Indiana-based industry teams working on coal gasification
projects to submit comments on the DOE RFI. Moreover, the State is committed to supporting industry responses
to the RFI once issued, and will wotk with any projects that might be selected to participate in the FutureGen

program.

Sincerely,
earty Sruin
Marty [rwin

Director, Indiana Center for Coal Technology Research
Energy Center, Purdue University

Potter Engineering Center, Suite 270 = Purdue University ©- 500 Central Drive ¢.  West Lafayeite, IN 47907-2022
(765)494-7414 = Fax(765)494-2351 : Email: cer@ecn purdue edu



Comments of the Jamestown Board of Public Utilities on the
Request for Information on the Department of Encrgy’s
Plan to Restructure FutureGen
March 3, 2008

On January 30, 2008 the Department of Energy (DOE or Department) published a
Request for Information on the Plan to Restructure FutureGen (RFI) The Jamestown
Board of Public Utilities (Jamestown or BPU) respectfully submits the following
comments putsuant to the RFI '

Jamestown supports DOE’s efforts to maintain and increase funding for advanced
technology for coal-fired plants that mitigate carbon dioxide (CO,) emissions to the
atmosphere. Our nation has abundant and secure coal reserves that are essential to
meeting our energy needs in the future. Carbon capture and sequestration or beneficial
reuse (CCS) has emerged as the key technology that will allow continued use of our coal
reserves to meet growing energy needs while reducing or avoiding carbon dioxide
emissions to the atmosphere. CCS is still under development and will require significant
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DOE’s efforts to adequately fund CCS development and strongly encourages DOE to
significantly increase the amount of funding sufficient to commercialize CCS in the near

term

The Department should make two modifications to the solicitation to better
achieve the goals of the FutureGen Program while addressing DOE’s stated concerns
regarding cost escalation and the need to commercialize CCS in the near term  First, the
solicitation should be technology neutral, allowing gasification, oxy-fuel and
combustion-based systems to compete. Expanding the solicitation to include all
technologies will better position the Department to benefit from technology competition
in this solicitation and to address the multiple technologies and coal types that comprise
our nation’s electric generating fleet. Funding a range of technologies will also enable
the Depattment to address the significant and escalating carbon emissions in developing
countries where conventional coal, rather than IGCC, is the prevailing technology for
new plants

Second, the Department should not place a mandatory minimum size threshold in
the solicitation but instead should allow projects to establish scalability on a case-by-case
basis. The current RFI proposes that DOE fund only projects at or above 300 gross MW
that store a minimum of one million metric tons of CO; per year. Depending on the
technology, projects below 300 MW and one million annual tons of carbon can be readily
scaled up to large commercial plants. Importantly, projects below 300 MW offer cost
control benefits in this time of substantial escalation in construction costs. For a
significantly smaller taxpayer investment, these projects can demonstrate new
technologies and allow DOE to invest in multiple projects under a fixed budget. The
Department should not foreclose the opportunities to limit taxpayer financial exposure by
excluding projects below 300 MW,



Background

The Jamestown Board of Public Utilities (BPU) is a municipally-owned utility
located in western New York State. In cooperation with its project team members,
including Praxair, Inc., Foster Wheeler, Dresser-Rand Group, Inc. and Battelle Labs, the
BPU is proposing to construct an oxy-coal circulating fluidized bed plant (Oxy-Coal
Project). The Oxy-Coal Project has the potential for carbon capture 1ates greater than
90% and to produce near zero emissions of criteria pollutants and mercury that would
meet the emission criteria set out in the RFI for FutureGen. With the use of biomass, the
oxy-coal project has the potential to be net carbon negative. The project could become
operational in 2012, meeting the original schedule for the FutureGen project The CFB
without the addition of oxy-coal has been issued a draft air permit by the United States
Environmental Protection Agency and a Final Environmental Impact Statement (EIS)
was issued in 2007, Minimal, and largely environmentally beneficial, changes would
need to be made in these applications to reflect the addition of carbon capture through
oxy-coal
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The Restructured FutureGen Solicitation Should Be Technology Neutral

In the RFI, DOE requests comments on whether “the 1evised FutureGen approach
should allow advanced coal technology systems, other than IGCC, that would also meet
the performance requirements stated above.” The BPU encoutages the Department to
make the solicitation technology neutral Expanding the solicitation beyond IGCC would
have important competitive and environmental benefits for the solicitation and for the
nation’s coal genezating fleet. Encouraging a broad range of technologies would also
better position the Department to address escalating global CO, emissions

By allowing multiple technelogies to compete, the Department and federal
taxpayers stand to benefit from technology competition. Technologies other than IGCC
are avatlable and can compete to reduce the cost to taxpayers while meeting the
FutureGen requirements. For example, the Oxy-Coal Project proposed for Jamestown
has the potential for carbon capture rates greater than 90%, and with the addition of
biomass the potential to be net cartbon negative, and otherwise can meet or exceed the
emissions criteria set out in the RF1 for FutureGen. The project is at an advanced state of
permitting and could also meet the FutureGen schedule; a draft air permit and a final EIS
have been issued for the base CFB project without oxy-coal and minimal changes would
need to be made to reflect the addition of oxygen firing. Allowing oxy-coal and other
technologies to compete in FutureGen would better position DOE to reduce costs while
maximizing the benefits to taxpayers

Expanding the range of technologies that can compete in the solicitation would
also reflect the diversity in our nation’s coal generating fleet. The country’s generating
fleet currently utilizes a broad range of fuels and technologies. Diversity has important



benefits, including the ability to fully utilize multiple coal types. Moving to a monelithic
IGCC generating fleet could defeat the benefits of this diversity

Oxy-coal can separately have important benefits for carbon dioxide emissions
reductions from the existing coal fleet. Projections show that over 90% of the cumulative
CO: emissions between now and 2030 will come fiom the existing fleet of coal
combustion powet plants (74% of the CO, annual emissions in 2030 will come from
existing coal plants) Oxy-coal can be retrofitted to existing coal power plants as well as
be used in new coal plant construction. If an objective of the FutureGen RFI is to come
up with an alternative strategy that would have the potential for the greatest reduction in
CO;, emissions from coal plants, oxy-coal should be a priority technology.

Expanding the solicitation to include technologies beyond IGCC will also
better position the Department to address global CO; emissions The RFI notes that
“there have been extraordinary incieases in the number of coal-fired electric power plants
being constructed throughout the developing wotld, especially China ” Recent estimates
indicate that China and India are building new coal plants at a rate of two each week.

The Intergovernmental Panel on Climate Change has estimated that as much as three
quarters of the projected increase in energy-related carbon dioxide emitted between now
and 2030 will occur in emerging economies such as China. China’s coal-related
emissions are projected to grow from 3 .8 billion tons in 2004 to 8.8 billion tons in 2030,

Increasing carbon emissions in developing countries come largely from
conventional combustion coal plants, not IGCCs. 1GCC technology is complex and will
present a technology challenge for many developing countries. In order to better address
these emissions from developing countries, which threaten to overwhelm out national
emissions, it is essential that the Department wotk to develop CCS technologies for
conventional coal plants, and not only IGCCs The Restructured FutureGen Program
should reflect this reality by expanding the technologies that can compete beyond IGCC.!

The Restructured FutureGen Program Should Not Set a Minimum Size
Threshold But Should Provide Flexibility to Demonstrate Scale-Up Potential

The BPU encourages the Department not to set a minimum size threshold and to
provide flexibility to demonstrate scale-up potential for projects bidding into FutureGen
The REFI states that DOE will only fund projects at or above 300 gross MW that will store
a minimum of one million metric tons of CO; per year. Projects below 300 MW and
storing less than one million tons of CO; per year, however, are capable of demonstrating
technologies which then can be scaled up te larger plants. For example, the CFB
technology proposed for the Jamestown plant can support scale-up to a 600 MW plant
Jamestown requests that the Department not place a minimum size threshold in the
solicitation. Instead, the Department should provide more specifics regarding its desired

! In the alternative, Jamestown requests that DOE clarify that oxy-coal is included within gasification
under this solicitation. If DOE does not fund technologies other than IGCC through the Restructured
FutureGen Program, DOE should fully fund such initiatives through the Clean Coal Power Initiative,



outcome for scale-up and require bidders on a case-by-case basis to prove how they meet
those requirements.

Projects under 300 MW and with less than one million tons of CO; storage per
year also offer critical cost control benefits that should not be ignored by the Department
As the Department noted in the RFI, there have “been significant global escalations in
material and labor costs associated with the construction of new power plants.” The cost
escalations have led to the recent cancellation of many new generating plants and have
doubled the cost of the original FutureGen Project. Plants below 300 MW are better
positioned to control the total financial exposure of taxpayets related to these price
escalations while continuing to provide technology benefits to the nation. The
solicitation should provide the flexibility to allow these plants to compete for FutureGen
funding

Providing flexibility in the size threshold is also important in light of the limited
budget being proposed for the FutureGen program. As we understand the program, there
is a §1 .3 billion budget from FY2007-FY 2020, subject to annual appropriations. One
hundred and fifty-six million dollars is budgeted for FY09 and there may be
approximately $100 million budgeted for later years. Given recent and continuing price
escalations, however, this may not be enough for even one project over 300 MW with
capture and storage in a saline reservoir. In contrast, an integrated project below
300 MW could allow DOE to achieve the FutureGen goals within these budget
constraints, The BPU encourages the Department to provide sufficient flexibility in the
solicitation to bid projects that are less than 300 MW but are capable of being scaled up
to larger units. :

In closing, we appreciate this opportunity to comment on the RFI and applaud the
Department’s commitment to CCS  In order to meet the goals of FutureGen, the
Jamestown BPU strongly encourages the Department to make the solicitation technology
neutral and to allow plants below 300 MW to compete. With these changes, the
FutureGen program can achieve its goal of a near zero emissions plant in the near term
while minimizing taxpayer financial exposure.

Sincerely,
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Tanja M. Shonkwiler
Duncan, Weinberg, Genzet

& Pembroke, P C.
1615 M Street, N W, Suite 800
Washington, D C. 20036
(202) 467-6370/(202) 467-6379
tms@dwgp.com
Counsel to the Tamestown Boaid of
Public Utilities



Request for Information

The Department of Energy

Plan to Restructure FutureGen

Name: Mark K. Schoenfield,
Senior Vice-President,
Jupiter Oxygen Corporation
4825 N. Scott Street, Suite 200
Schiller Park, [l 60176
847 928 5944, ext 5944
mschoenfield@iupiteraluminum.com

Steve Horn

Vice president

Luminant

Energy Plaza

1601 Bryan Street

Dallas, TX 75201 USA
214 812 4600
Steve.horn@luminant.com

Location of Project: A coalition of Companies including Luminant and Jupiter
Oxygen will work with the State of Texas to review the details of the two Texas
sites that were selected as finalist in the Future Gen competition. The coalition
will also look at other locations in Texas and determine the best site for a ligniie
fired [oxy-fuel] demonstration advanced clean coal project with CCS.

Narrative Description: The intent to restructure FutureGen allows for the
consideration of other advanced coal technology systems. The "KEY GOALS OF
REVISED FUTUREGEN" outline several specific targets that can be met with
technologies not based upon IGCC. IGCC is a known technology as
demonstrated by the 30 or more IGCC power plants currently in proposal stages.
If the “Keys” can be considered without linkage to IGCC then other promising and
arguably more practical technologies such as oxy-fuel combustion can and
should be considered. Moreover, a number of technologies can be moved
forward to advanced development with operational plants, so that evaluations
can be made by all stakeholders of the appropriate pathways to achieve the DOE
goals.




Fundamentally, Oxy-Fuel combustion is based upon the burning of a fossil fuel
with oxygen instead of air, while air combustion is the basis for much of the fossil
fuel based power plants in operation in the United States and the world The
current needs of the US coal-fired fleet include both new clean coal power plants
and the retrofitting of existing valuable power generation assets, so that climate
change issues can be addressed. |IGCC does not function well with lignite and
is not retrofittable to existing pulverized coal or lignite power stations. Thus
coupling such an important program (FutureGen) to IGCC would dismiss our
current power generation fleet, limit the availability of fuel resources (IGCC
technology does not work well with all coal types), and unreasonably define
future CCS projects as IGCC projects. The power industry needs a basket of
technologies to choose from which includes options that can be used for new
plant construction and be retrofitted to existing units. Moreover, the DOE does
not need to be in the business of picking a technology winner, but rather should
be moving all clean coal technologies forward.

The proposed project is for a 25-50 MW new design oxygen combustion power
plant using lighite coal, with undiluted high flame temperature heat transfer for
greater radiant heat transfer, and at least 90% CO2 sequestration as shown by
prior testing of Jupiter's particular oxy-fuel technology and the DOE’s own
Integrated Pollutant Removal (IPR) system. NOx will be kept at ultra-low levels at
combustion.

Prior testing indicates that when Jupiter Oxygen's Oxy-fuel technology is coupled
with the DOE’s own Integrated Pollutant Removal (IPR) system, 99% capture of
particulate, 99% capture of Sox and 90% mercury removal is both practical and
cost effective. Emissions of NOx, SOx and mercury will not exceed the originai
FutureGen levels stated in the RFI.

This project will demonstrate the integrated operation of a coal fired power plant
on the grid with C02 capture It will help establish standardized technologies and
protocols for capture and sequestration, including monitoring, mitigation and
verification, while showing a practical CCS approach that has sufficient reliability
and operability for commercial needs.

The target geological formation storage potential will be accurately quantified,
and steps taken to detect and monitor any surface leakage, equipped for
mitigation strategies which will be implemented in the unlikely event of a leak.
Information necessary to estimate costs for future CO2 management will be
developed using this oxy-combustion approach with CCS. It will show a practical
reality for such operations.



Technical and economic data will be gained that is needed for both new
plantsand for retrofitted facilities to gain acceptance by the coal, electricity, and
banking industries, the environmental and international communities, and the
public, as a cost-effective means for producing electrical power in a carbon
constrained world. Net operating profits will be used to reimburse the DOE for its
costs.

Status of the Project: Testing to date with Jupiter Oxygen’s combustion
technology using oxy-fuel combustion has advanced to the point where new build
design work is feasible, as is the building of such a plant. This testing indicates
fuel savings with a corresponding avoidance of COZ2, lower oxygen costs with an
on-site oxygen plant and heat recovery, and the ability to create a fully equipped
carbon capture ready plant by combining Jupiter Oxygen’s technology with
commercially available capture equipment that also will provide for heat recovery.
The testing also indicates that the DOE COE and capture goals can be met.

Moreover, modeling work for such a new buiid piant has been done with the
National Energy Technology Laboratory.

Furthermore, full scale demonstrations of CCS may limit the quality and quantity
of research needed to develop several commercial options. By defining the bar
for a restructured FutureGen at 300 gross MW per unit train, the program drives
the capital cost of the demonstration project higher, thus reducing funds for
developing different types of clean coal technologies. If instead of one or two 300
MW commercial units based upon IGCC technology, several 25 to 50 MWe
demonstration projects could provide the DOE with:

« Multiple technologies options for the power utility industry to consider;

e Geographic diversity of project locations (factors such as sequestration
and transportation);

¢ Several fuels tested for capture and;

» Experience based upon implementation of the projects so as to share the
experience among the project participants, regulators, local officials and
future wide scale applications.

This proposed project can meet all of the substantive goals in the RFI, but do so
using undiluted high temperature oxygen combustion heat transfer, creating the
development step necessary for commercialization meeting the nation’s energy
security, climate change, and COE needs for both new plants and retrofitted
facilities.



Timeline: The coalition can meet the timeline objectives of 2015 if the funding
timeline stays at what was outlined in the RFI. From a design engineering,
construction and procurement standpoint, this is not an issue due to the state of
the technology and the commercial availability of the components. However
several administrative, regulatory and site specific issues need to be addressed.

» The requirements to fulfill NEPA need to be expedited in order to fast track
the project and keep it within the projected budget;

¢ The State of Texas and its Commission on Environmental Quality will
need to move quickly to develop requirements for and permit a new
advanced clean coal power plant;

« The numerous regulatory issues involved with the transportation and
sequestration of CO2 and some mechanism for the indemnification of the
coalition need to be developed.

The coalition will work with the DOE and the State of Texas to solve COz capture
and storage liability issues and to fast track the State’s permitting requirements
for an advanced clean coal power plant.

Cost and DOE Contribution: The Texas Coalition is interested in working with
the DOE under the revised FutureGen approach on a smaller Advanced Clean
Coal project in the range of 50 MWe. The project would include Jupiter Oxygen’s
oxy-fuel technology and the DOE’s IPR system. The IPR would serve as the
projects CCS per the Keys outlined in the RF1. The cost for the plant would be
$135,000,000 not including the cost for COz transportation, sequestration and
monitoring. The cost breakdown is as follows:

50MWe Power Plant Project
e Cost $135,000,000;
« Coalition share of cost $118,800,000;

e DOE cost for CCS (IPR) $16,200,000 plus transportation, sequestration
and monitoring equipment.



The cost of building larger power plants using Jupiter's Oxy-fuel technology and
the DOE’s IPR system as the CCS not including transportation, sequestration
and monitoring is:

150 MWe Power Planf Project
¢ Cost $300,000,000;

) Coaiition share of cost $264,000,000 plus transportation, sequestration
and monitoring equipment;

e DOE cost for CCS (IPR) $36,000,000 plus transportation, sequestration
and monitoring equipment.

300MWe Power Plant Project
o Cost $600,000,000;

¢ Coalition share of cost $528,000,000 plus transportation, sequestration
and monitoring equipment

« DOE cost for CCS (IPR) $72,000,000 plus transportation, sequestiration
and monitoring equipment.

We strongly encourage the DOE to do plants smaller then the 300 MWe outlined
in the RFL By doing smaller demonstration projects the DOE would be able to
help move more technologies with CCS forward to commercialization, which
would be a major benefit to the electric power industry and to the nation. It would
also position the United States as the world leader in the development of cost
effective technology for producing electricity in a carbon-constrained world



With over 600 existing coal fired power plants in the United States, the DOE
needs to be moving aggressively to find technology that can be used to retrofit
these existing plants. They represent a major investment to the electric power
industry and are an important part of America’s power grid. IGCC technology
does not address the existing fleet nor can it be used on all of the coal available
in the United States We recommend that under the restructured futureGen
approach that the DOE move forward with a retrofit project. The cost to retrofit a
small coal fired power plant using Jupiter's Oxy-fuel technology and the DOE's
IPR system as the CCS not including transportation, sequestration and
monitoring is:

50 MWe Retrofit Project
e Cost $70,000,000;
+ Coalition share of cost $61,600,000;

« DOE cost for CCS (IPR) $ 8,400,000 plus transportation, sequestration
and monitoring equipment.

20 MWe Retrofit Project
o Cost $42,000,000;
e Coalition share of cost $36,960,000;

« DOE cost for CCS (IPR) $5,040,000 plus transportation, sequestration
and monitoring equipment.

Issues or Barriers: The continued concern about the liability of CO2
sequestration continues to be a problem for the companies involved. The
coalition will work with the DOE and the State of Texas to help solve that issue.
However the Federal and State governments are the only institutions that can
safely take on this liability And until a solution for this problem is found, it will
continue being a barrier to COz sequestration.



Since there is no established industrial or commercially accepted criteria for
transportation and CO:z sequestration, modification to the specific equipment
installed will have to be made due to the developing specifications of
sequestration. This would increase cost and unfairly penalizes the companies
receiving the grant. It also could potentially put the DOE timeline at risk.

Other Information and Concerns: Jupiter Oxygen’s patented process utilizes
up to 100 percent pure oxygen to burn any type of coal including lignite to
produce steam for power generation with enhanced fuel efficiency. The
combustion of fossil fuel with oxygen rather then air, using an undiluted high
flame temperature for greater radiant heat transfer, is the basis for much of
Jupiter's work. Working with NETL, Jupiter also has practical experience in the
capture of CO2 and the removal of all pollutants from a coal fired oxy-fuel
combustion process The other members of coalition, such as Luminant, have a
vast amount of experience building and operating lignite fired power plants.

The combination of Jupiter's Oxy-fuel technology combined with the DOE's IPR
system creates a hybrid process that is the pathway toward near zero emissions
(net 95% with start-up and shutdown) from a coal fired piant, including the
capture of more than 99 percent of the CO2 (net 95% with start-up and
shutdown). The all pollutant appreach enhances the overall efficiency and
effectiveness of the process. Tests have shown greater than 99 percent sulfur
removal, 99 percent + removal of PM matter including PM 2.5. Testing also
indicates NOx below 0.05 Ibs./ mmbtu and greater than 90 percent mercury

capture is feasible with the combined Oxy-fuel IPR hybrid technologies.






Comments of:
Leucadia National Coxporation
Department of Energy Restructured FutireGen Approach
March 3, 2008

Contact:
Donald Maley
Vice President
Leucadia National Corporation

315 Park Avenue South
New York, NY 10010

212-460-1910

DMaley@leucadia-nye.com

I eucadia National Corpotation (“Leucadia”) appreciates the opportunity to provide comments on
the Department of Energy’s (DOE) restructured FutureGen approach. Leucadia supports DOE’s
revised approach and agrees that it will better serve the future energy needs of the nation, the

power sector and taxpayers.

Leucadia would like to participate in the restructured FutureGen program by developing a
commeicial-scale saline aquifer (and potentially New Albany Shale) sequestration demonstration
at its Indiana coal to substitute natural gas (SNG) facility. The facility, which 1s under
development, will sell SNG undet contract to regulated gas and electric utility companies,
including a regulated electric company that will use the SNG to produce _ of power
in combined cycle plants Preliminary geologic evaluations by the Indiana Geologic Survey
indicate the potential of over 700 million mettic tons of CO; storage around the site in saline

aquifer and shale formations.

DOE’s 1estructured approach provides the best opportunity to maximize the advancement of
commercial-scale catbon capture and sequestiation technologies with limited federal resources.
By expanding the program to include consideration of coal gasification projects that produce
SNG for electricity generation (“SNG for powetr™), the benefits of the restructured program will
be enhanced even further

Coal gasification to produce SNG for electricity production is an aliernative advanced coal
technology paradigm that offers significant energy and environmental benefits for the nation and
can help DOE achieve FutureGen objectives at low cost. Fundamental benefits of SNG for

power include:

1 Advanced coal gasification technology can pioduce SNG to supplement natural gas
supplies for the 400 giga-watts (GW) of existing natural gas generating capacity and the
100 +GW natural gas capacity additions likely over the next 30 years. Electric sector
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demand for natural gas is projected to far outstrip demand growth in other sectors and
SNG provides one of the few alternatives for supplying that demand growth with a
secure, domestic resource—e. g. coal-derived SNG.

2 The cost of capturing carbon in SNG facilities 1s embedded inn the SNG production
process and price Therefore, no additional cost is associated with capturing CO; at SNG
facilities so all incremental 1esources for CCS at SNG facilities can be used for
sequestration activities. Including SNG projects in the restructured FutureGen program
will increase the number and diversity of projects DOE can support and accelerate
progress on addressing sequestration technical challenges in diverse geologic formations.

3 SNG for power is an alternative prototype for producing electricity from domestic coal
with advanced technology and CCS that has the potential for significantly improving

encgy scourity and envirommental progress. I

I cst:blishing the technical feasibility of sequestration is critical to enabling
widespread deployment of SNG for power with CCS in a manner that could have a

substantial impact on U.S energy and electricity supply.

For these and other reasons discussed below, DOE should support CCS activities at SNG for
power projects (in addition to IGCC) in the restructured FutureGen program

The comments below desciibe:

1) Leucadia and its gasification development activities;
2) I

3) Why projects that convert coal to SNG for use in natural gas power plants should be
included in the restructured progiam; and

4} Legal and regulatory matters DOE should consider in the restructured program.

Leucadia National Corporation

Leucadia is a NYSE listed (LUK) diversified holding company with a broad portfolio of
investments. As of September 30, 2007, the company’s total consolidated assets were -

Leucadia is focused on “value investments ™ It has holdings in energy, mining, timber,
communications, banking, insurance, manufacturing, health care, real estate and wineries, The
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chairman and president of the closely-held company have served the company since 1978, -

I i its strong balance sheet and past financial success,

Leucadia has been recognized by financial markets as an attractive project sponsot, including by
the State of L ouisiana Bond Commission, which awarded Leucadia $1 billion of GO Zone bonds
for its Lake Charles, LA SNG project

Leucadia Gasification Development Activities

Leucadia developed an interest in gasification about five years ago, and has pursued

development of several projectssince. | N

— Leucadia has assembled a group of experienced

industry professionals with varied technical and financial backgrounds to work for the company

in developing its projects.

Leucadia is pursuing a business model for SNG ||| | GG

I (s stiucturc creates very high credit to support

use of low-cost debt instruments, including those available through federal programs such as
federal loan guarantees under EPAct 2005 and tax exempt bond financing under Katrina and Rita
redevelopment programs. This structure also provides the opportunity for achieving a stable
long-term equity retuin with reasonable risk/reward that justifies expenditures of high 1isk equity
capital for project development.

Leucadia’s interest in gasification generaily and SNG specifically is based on a fundamental
belief that technologies to utilize domestic coal and petroleum coke resources that address
climate change and other environmental challenges are vital to the nation’s energy security and
global environmental progress SNG is one of the few alternatives the nation has to expand
domestic gas production and reduce growing dependence on imported liquefied natural gas
(LNG). In addition, production of SNG from domestic coal is an economic technology today,
with production costs below current natural gas market prices. Over time the nation’s natural gas
supply is at risk of following in the footsteps of oil, causing the U S to become increasingly
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dependent on supplies from unstable regions and potentially subject to cartel pricing
Domestically produced SNG can help mitigate this future scenario in natural gas markets and do
so with an advanced coal technology platform that can help accelerate commercialization of

carbon sequestration technology
Each of the SNG projects Leucadia is developing includes significant ||| NN NN

_ For this reason, the SNG projects can be thought of as “IGCC by pipe.”
As discussed below, SNG projects that supply SNG for electricity production can provide
excellent platforms for FutureGen supported CCS activities at low cost

currently active and the potential for CO, use for EOR is more limited. Furthermore,
demonstrating commercial-scale sequestration in saline and other formations in the Illinois Basin
will be very important for the considerable number of coal plants operating in the region and for
future use of the substantial coal reserves in the region Leucadia would like to work with DOE
to help establish the feasibility of commercial-scale CO, sequestration in Indiana

Indiana SNG Project
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The Project will provide considerable savings to Indiana consumets, reduce natural gas price
volatility, support national energy security, and advance environmental policy objectives.



Approval of the SNG purchase contracts by the IURC will
ensure that the contracts are in place _ This assurance is provided by
legislation that was initially passed by the Indiana Legislature May, 2007 (H.B. 1722) and
updated with clarifying amendments in March 2008 (S.B. 223). The legislation makes clear that
if the [URC approves the utility SNG purchase contracts,

The Project applied for a Federal Loan Guarantee in the initial solicitation for pre-applications
issued by DOE in December 2006, but was not'selected to submit a full application. Indiana

Gasification understands that the Project was not selected —

u.l |
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I - discussed below, the cost of capturing this CO; is already embedded in the
SNG production process and price, so no additional costs will be associated with capturing
CO, for sequestration. Sequestration activities will, however, require additional capital and
operating costs associated with compressing, transporting and injecting CO; (as well testing,
measurement, monitoring, and verification activities) These sequestration costs will mirror the

costs of other geologic sequestration projects, with the final cost likely dependent on the location
and specific geologic characteristics of the target formations.

The Indiana Geologic Survey has conducted a preliminary feasibility assessment of geologic

sequestration options within a 25 square mile region R (-

Geologic Survey estimated that over 700 million metric tons of CO; could potentially be stored

in saline aquifer and shale formations in the area. ]

Because there will not be any costs to a CCS demonstration associated with capturing CO; from
the Project, Indiana Gasification believes sequestration activities at the site (including
compression, transport, injection, monitoring and testing) could be carried out for a cost of |}

— These provisions should enable the Project to continue

to sequester CO; after conclusion of the FutureGen demonstration, increasing the value of a
demonstration initiative at the site.

I oveicial operations would begin in 2012 and the Project

would be in a position to begin providing CO; for sequestration activities at that time, a schedule

1

consistent with the DOE timeframe.



SNG for Power should be Included in Restructured FutureGen Approach

DOE’s request for public comments specifically solicits input on whether advanced coal
techmology systems, other than IGCC, would meet DOE’s performance requirements. Coal
technologies that produce SNG for power production meet DOE’s 1equirements, will advance
DOEF’s objectives, and should be included in the program. Inclusion of SNG for power in the
program will support the following enunciated DOE objectives at low cost:

Demonstrate in the United States commercial integrated operation of a gasification-based
coal conversion system with CO; capture and storage;

Verify the effectiveness, safety, and permanence of carbon sequestration,

Demonstrate approximately 90 percent CO; captute and storage on one nominal 300 MW
train (albeit by pipeline) with annual requirements of one million metric tons in a saline
aquifer, and

o 99% sulfur removal

o 0.05 Ib/mmBtu NOx emissions

o 0.005 Ib/mmBtu particulate matter emissions

o 90 percent mercury removal

Help establish standardized technologies and protocols for deployment of CCS, including
CO, monitoring, mitigation and verification,;

Accurately quantify storage potential of the target geologic formation;

Detect and monitor surface leakage, if any, and in the unlikely event of leakage,
demonstrate the effectiveness of mitigation strategies;

Develop information necessary to estimate costs of future CO2 management apptoaches;

Demonstrate practical realities of SNG with CCS as a coal-based electric power

alternative;

Produce the technical and economic data needed for these types of plants to gain
acceptance by the coal, electricity, and banking industries; the environmental and
international communities; and the public as cost-effective means of producing electric

power in a carbon-constrained world.

In the case of SNG for power, carbon capture and sequestration activities —
— would be decoupled from the majority of the power generation that would



occur at combined cycle o1 other natural gas power plants owned by separate entities In SNG for
power, there is no physical integtation of the power block and gasification system other than a

natural gas pipeline

- There are many advantages to SNG for power that make it an important encrgy
technology for the U.S and ideally suited for accelerating commetcial deployment of carbon

sequestration. Some of the benefits of SNG for power include:

Carbon Capture and Sequestration Economics—The cost of carbon capture is embedded
in the cost of producing SNG. Therefore, SNG technology can help advance commercial-
scale sequestration at much lower cost than technologies that incur significant additional
costs for capture. Including SNG projects, in addition to IGCC, will enable DOE’s
resources to go further and enhance achievement of DOE objectives by enabling DOE to
providing funding assistance to a greater number of more diverse projects located in more

geographic regions.

SNG Plants can be Located near Sequestration and Coal—As a strategy compared to
IGCC, SNG for power has the advantage of sepatating the gasification plant fiom the
power plant. By decoupling the two, the gasification facility can be located near geologic
formations most amenable to CO; sequestration and near economic coal supplies while
the power generation facilities can be located near load centers. Power can be generated
at more than one facility and can be generated near the markets where it is needed,

helping to reduce transmission system congestion

SNG can be Transported in Existing Interstate Pipelines—SNG can be moved in existing

natural gas pipelines and can help free up capacity Adding SNG to pipeline systems can
help improve pipeline capacity by adding supply closer to whete it is used and away from
traditional supply points

I o 1 2dvanage of adding

SNG to existing pipelines is that its heating value is at the low end of most pipeline
specifications (~970 mmbtu/Mcf), which can help balance the much higher heating value
gas increasingly being delivered from LNG re-gas facilities.

Use of Existing Underutilized Fleet of Natural Gas Power Plants—Over 400,000 MW of
natural gas generating capacity exists in the U.S —almost as much as coal and nuclear
capacity combined. Most of these plants, particularly in the Midwest, operate at very low
capacity factors (typically in the 25% range). Rather than building new generating plants,
these existing plants can be used economically with SNG (or a mix of SNG and natural
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- Use of this existing capital stock is economically efficient and prudent Furthermore,
demand for natural gas in the electric power sector is projected to grow in coming
decades as excess capacity is used and new natural gas power plants are built SNG offers
a gas supply alternative fiom domestic coal that can help reduce dependence on overseas
LNG imports for needed supply

Less Integration can Reduce Cost and Improve Reliability—SNG for power 1s a simpler
technology than IGCC because there is no thermal integration between the combined
cycle power system and gasitication block The lack of integration reduces efficiency, but
improves reliability and reduces capital and operating costs. Furthermore, with SNG to
power, the combined cycle generating plants can buy replacement gas when SNG is not
available and, conversely, SNG can be sold into gas markets when the power planis are
not available or don’t need the SNG. This flexibility largely alleviates reliability concerns
that may inhibit early commercial development of other advanced coal technologies.

Operating Flexibility and Load Shaping—SNG for power systems can be operated as
base, intermediate or peaking load because the combined cycle plants (or combustion

turbines) can dispatch independent of the gasification facility. ]

B | fcsc cssential flexibilitics offered by SNG to power systems can help
fulfill market demands and enhance the overall economics and benefits of this advanced

coal power system.

Coal gasification to produce SNG for electricity production is an alternative advanced coal
technology patadigm SNG for power has significant energy and environmental benefits for the
nation and can help DOE achieve FutureGen objectives at low cost. DOE should support CCS
activities at SNG for power projects (in addition to IGCC) in the restiuctured FutureGen

program.

Legal and Regulatory Matters DOE should Consider

In implementing its restructured FutureGen approach there are two important tegulatory and
legal issues that should be considered by DOE. A first issue is permitting of CO, sequestration
activities. Projects selected to participate in the restructured FutureGen program should be used
to help design appropriate permitting requirements, including measurement, monitoring and
verification protocols for CCS. For this reason, DOE should consider how FutureGen projects



will receive early permitting treatment and be used to help establish a formal CCS permitting and
regulatory regime

A second issue is liability. Although environmental and health hazards fiom CO; sequestration
should be extremely remote, they are not zero. There is also the possibility that some sequestered
CO; could leak over long periods, which could undermine credits claimed for the sequestration.
For initial projects that sequester large quantities of CO,, these liability issues need to be
addressed. States and the federal government must both play a role in helping address these
issues to ensure they do not undermine progress demonstrating CCS in the near term,

Conclusions

Leucadia appreciates the opportunity to provide these comments and looks forward to working
with DOE on its restructured FutureGen approach. Establishing the commercial readiness of
CCS activities is vital to the continued use of domestic coal resources in the context of carbon
abatement. Advanced coal technologies that produce SNG for use in electricity generation can
and should play a role in helping reduce the cost of demonstrating large-scale CO, sequestration
DOE’s suppott of SNG for power along with IGCC will help lower the cost of demonstrating
commercial sequestration, which in our view is the fundamental technical challenge in CCS.

I 7 :oxing CCS at prototype SNG

projects, such as the Indiana SNG Project, DOE can help establish use of coal for SNG
production as an important technology option for using domestic coal, increasing domestic gas
supply and addressing climate change.
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Expression of Interest on the DOE FutureGen Program
by L.SG Holdings, Inc.

Name: LSG Holdings, Inc. (Florida registered company)
Point of Contact: Robinson (“Rob™) Goutley, President
Telephone Number: 941-923-8972

Mailing Address: 6233 Old Ranch Road, Sarasota, FL 34241
E-mail Address: Robgourlev@prodigy.net

Location of Project: Sarasota, FL

Narrative description of project that includes the status of project
development and the technical and financial qualifications of the project
team to conduct the project.

Carbon is a renewable energy source. LSG Holdings, Inc. (“Company” herein)
has developed a stable hydro gas that unlocks the intrinsic energy from carbon
through redundant processes similar to when ceramics are used. We can
demonstrate that the amount of energy generated from carbon can increase 5 to 10
fold, with a more efficient burn that reduces emissions. Additionally, we have
developed a polarized water 1esulting fiom the infusion of the hydro gas, that will
clean carbon collected on scrubbers. The residual carbon can be made into pellets
and subsequently used back in the energy stream, again reducing emissions.

Our project team is currently undergoing research on energy efficiencies on the
hydro gas applications for the Canadian tar sands operations. The project team
includes the following:

Rob Gourley, President — Mr. Gourley is a mechanical engineer who has over
20 years of experience in power systems for Alaska Petroleum Contractors and
Mukluk Freight Lines in Prudhoe Bay, Alaska (the Alaskan Pipeline).

Ted Suratt, Vice President and Chief Scientist -- Mr. Suratt has training in
nuclear physics and he developed more than 250 different formulas for industrial
customers including decontamination cleaners for Dupont’s Nuclear Plant.

John Kidd, Energy and Financial Consultant — M1. Kidd has a background in
multiple industrial sectors and currently involved in an oil and gas exploration
company in Alaska

Dana Gourley, Secretary — Ms, Gouiley is a biologist who worked under a
contract between United Technologies Corporation and the US EPA on
establishing nationwide water pollution standards for multiple industries including
the battery manufacturing sector



The foundets of the Company currently fund the research on the hydro gas and its
wide applications. We have not opened the Company to outside investors
although the inquiries and investment interest continue to increase.

Discussion of the company’s ability to meet or exceed the time frame set
forth in the above schedule.

We do not anticipate any difficulties for meeting the time frame as described.

Estimate amount of DOE contribution (in percentage and/or dollars) that
would be required for the company to pursue the project with IGCC-CCS
technology.

Our best estimate is $10 million including $5 million research and development
and another $5 million for the manufacture of a scaled unit.

Any technological, financial, or legal issues or barriers that DOE should be
made aware of that limit the effectiveness or feasibility of DOE’s
restructured approach to FutureGen,

None we are aware of at this time We will request a confidentiality disclosure
agteement prior to demonsirating the technology.

Other information or concerns that would assist DOE in implementing the
revised FutureGen.

None we are aware of at this time. We are of the opinion that our technology is
compatible with the FutureGen objectives for the restructured approach.
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Luminant Generation Company LLC
1601 Bryan Street
Dallas, TX 75201

Comments in Response to Department of Energy’s Request for Information (RFI)
on a Plan to Restructure FutureGen

Luminant Generation Company LLC (Luminant) appreciates the opportunity to provide these
comments and an expression of intetest in response to the RFI on the revised approach to
FutureGen. Luminant, a subsidiary of Energy Future Holdings Corp. (EFH), is a competitive
power generation business, including mining, wholesale marketing and trading, construction and
development operations, with more than 18,300 megawatts (MW) of generation in Texas,
including 2,300 MW of nuclear and 5,800 MW of coal-fueled generation capacity. Luminant is
a member of the FutureGen Industrial Alliance and strongly supported the initial FutureGen
approach Likewise, Luminant supports the testructured approach, and we are providing sevetal
comments to help make this process successful. Also, as described later in this document,
Luminant has alteady requested proposals from qualified firms offering coal gasification
technologics with the ability to capture carbon dioxide emissions and has received expressions of
interest from [4 companies

Comments

The U. S Department of Energy (DOE) REFI states that DOE “will contribute not more than the
incremental cost associated with CCS technology for a single power train ” Luminant believes
that “incremental” means that DOE should fund not only the capital cost of the catbon capture
and storage (CCS) equipment, but also provide for the ongoing parasitic load {30% to 40%
estimate) to the plant that results from CCS, and the cost of maintaining the transport and
sequestration infiastructure. It is imperative that coal remain a viable energy resource, and, at
least in Texas, these IGCC projects will be competing with natural gas-fired combined cycle gas
turbine (CCGT) projects that do not have this impact to their auxiliary load. Since April 2007,
ait quality permit applications for almost 10,000 megawatts of CCGT have been submitted to the
Texas Commission on Environmental Quality. In 2006, natural gas generation made up 72% of
the capacity and 49% of the generation in Texas.

Many advanced coal technology system projects are in the early stages like Luminant’s, and we
encourage DOE to provide for future opportunities to request funding under the restructured
FutureGen approach,

Funding for a commercial carbon dioxide (CO,) CCS facility on one nominal 300 MW train
could lead to efficiency and capture operational issues given that there is no commercial facility
of that scale in operation. For example, in the mid to late 1970s, utilities began to install full-
scale, commercial flue gas desulfurization systems and spent the better part of the next fifteen
years learning how to operate them at the proper pH, with an oxidized or reduced atmosphere
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and without scaling or plugging towers. This fairly simple chemical process must be operated
very catefully, or reliability and efficiency are teduced. Luminant submits that the learning
curve from an operational petspective will be similarly high for a new process to temove CO;
from an exhaust stream. To help solve this challenge, the ability to fund a CO, CCS facility in
three stages - such as testing, pilot and commercial scales - could benefit the energy industry and
consumers far mote than starting fiom a commercial facility that immediately could face
significant technical challenges

Since over 300,000 megawatts of coal-fited generation is currently operating, Luminant
recommends that the DOFE provide funding for advanced coal technology systems, particularly
post combustion capture, either in this program ot another, or both. For example, Luminant
currently provides a host power plant site for Skyonic to perform a pilot-scale demonstration of
their SkyMine™ process, and Luminant is aware that Skyonic is also submitting comments fot
this RF1L.

While Luminant supports the restructured FutureGen approach, from an operational success
petspective we also feel that the CO, CCS target of 90% is too high since no technology to date
has demonstrated this level commercially. Luminant recommends starting with a 50% target that
could fater be adjusted upward. The iesulting emission rate would roughiy equate to the
emission rates of a gas-fired facility. For our abundant coal resource to compete with a limited
supply of natural gas, the cost of technologies must remain competitive.

Luminant also believes that carbon ttansport and storage of CO; can not only be reasonably
decoupled from the power genetation aspects of the project and performed by separate entities,
but that in many cases it will need to be decoupled Power generators, predominantly, are not in
the pipeline or deep geological injection businesses and would want to turn over the
transportation and sequestiation efforts to those that have that expertise.

Expression of Interest

The information requested in the RFI is provided below

Name — Luminant Generation Company LLC

Point of Contact — David P. Duncan

Telephone Number — 214-875- 8647

Mailing Address — 500 North Akard Street, Dallas, TX 75201
E-Mail Address — David. Duncan@luminant.com

The location of the project(s) is yet to be determined The following narrative description of the
project(s) explains the selection process

Luminant expects to select integrated gasification combined cycle (IGCC) and/or other
gasification technologies with carbon dioxide (CO;) capture that can be commercially deployed
using lignite or subbituminous coals as their primary fuel sources. These projects would be
located in Texas which has passed legislation to streamline the permitting process and provides
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grants and tax incentives for clean energy projects. Texas also has experience in utilizing CO;
for enhanced oil recovery Luminant will use a multiphase approach to develop and construct
these projects including (1) project definition; (2) project development; and (3) project
engineeting, procurement and construction. A request for proposals (RFP) for Phase 1 (project
definition) was issued on December 4, 2007 Luminant has received expressions of interest and
intents to bid from 14 firms. The engineering firm Sargent & Lundy has been selected to provide
owner’s engineer services. Tasks for Phase I include determining configuration options, and
recommendations for design basis and general specifications; assisting Luminant in site
selection; evaluation of commodity byproducts and their commercial viability; determining
alternatives for environmental control technologies, establishing a plan to improve fixed and
variable operating costs and plant performance; and assisting in developing an initial pro-forma
operating budget Luminant’s timeline calls for detailed proposals to be submitted by June 2008

The project team is composed of both internal and external resources with extensive experience
in the technical aspects of gasification and power generation in the United States and overseas
The internal resources have led the operation and development of conventional coal power
plants. In addition, the team has extensive background in chemical and other engineering
disciplines that will be valuable in the evaluation of feasible technologies for gasification.

Our external resources include Sargent & Lundy which is a renowned engineering firm with
extensive experience in evaluating and supporting gasification and integrated gasification
combined cycle technelogies in the United States and abroad. Also, firms wishing to submit a
ptoposal for Luminant’s project(s) must have a coal gasification technology that has been
successfully demonstrated at the commetcial ot pilot scale level. Luminant expects to select
IGCC technologies that best fit the utilization of lignite and/or PRB as a fuel source. Selection
of technology vendors is expected to be completed by the fourth quarter of 2008. Given that the
process is in carly stages, Luminant will not know the final fundmg requirements until after the
supplier of technology has been selected

The Texas Legislature has been proactive in passing legislation that provides for tax credits,
indemnification, transfer of liability and other considerations for the original FutureGen
approach. As aresult, Luminant believes that the Legislature would continue to be supportive of
advanced clean coal technology development under the restructured FutureGen approach.

Thank you again for considering L.uminant’s comments We look forward to working with you.
Sincerely,

Mike McCall
Chief Operating Officer
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Request for Information (RFI) Response to
U.S. Department of Energy’s Plan to Restructure FutureGen

I. Contact Information

Mike Sawruk
President

M&M Energy, LLC
msawruk@sawruk.com
Phone: 407 647.1060
Fax: 407 841 0404

II.  Project Location

The Great Lakes Energy Research Park IGCC-CCS (“Project”) is located in Pine River
Township, adjacent to the City of Alma, Gratiot County, Michigan, approximately 50 miles
north of Lansing, Michigan The Project is situated on a 323-acre site that is part of a larger 1400
Acre Commercial Research Park and has been obtained from the City of Alma and various
piivate property owners.

III. Project Description

Great Lakes IGCC, LLC (Great Lakes IGCC) has planned an IGCC-CCS facility configured to
operate as a base load electrical facility, which will demonstrate significant performance,
efficiency, and emission improvements that will make it the cleanest coal fueled power plant in
the world.

The plant will be designed for the capture and sequestration of CO2 for the purpose of Enhanced
0il Recovery. The Great Lakes Energy Research Park (“Project”) will be the first Integrated
Gasification Combined-Cycle (IGCC) facility to co-produce (1) over 728 MW electric powet
and (2) permanently sequester over 3.8 million tons per year of catbon dioxide through coupling
with Catbon Capture and Storage (CCS) technology, which will ultimately recover over 180
million barrels of stranded oil.

Great Lakes IGCC has secured a site on which it plans to construct a polygenetation project
consisting of a power block utilizing an IGCC module, a carbon capture and carbon
sequestration module, a state-of-the-art refinery, and other process thermal industrial users The
IGCC facility, which is a stand-alone project that will be constructed 1egardless of plans for the
refinery, represents the first part of this multiphased project and will have a nameplate capacity
of 605 MW.

The IGCC plant will utilize Conoco-Phillip’s E-Gas gasification process and Siemens SGT6-
5000F gas turbines and combined cycle technology. The E-Gas gasification process provides the
most environmentally clean and efficient method for effective consumption and utilization of the
Nation’s abundant coal resources.



Bituminous coal will comprise substantially all of the fuel input for the Project, which will have
a total nameplate generating capacity of approximately 728 MW gross, 605 MW net after
internal loads for the IGCC process. The high thermal efficiency and resulting high fuel
efficiency of combined-cycle plants are well known, based on extensive experience with natural
gas-fired combined-cycle plants.

The Project will benefit from two primary revenue streams: the sale of power and the sale of
CO:2 It is anticipated that nealy all of the net power (532 MW) will be utilized by members of
the Michigan Public Power Agency (“MPPA”) and other utility entities. A portion of the 532
MW of capacity will be reserved by the Great Lakes IGCC for energy utilization by the refinery
when that phase of the Project is complete. Approximately 73 MW of capacity will be utilized
for the compression and sequestration of CO2

The captured CO2 by-product will be sold to SemCrude, L P (“SemCrude”™) under long term
agreements. SemCrude will provide for pipeline transportation of the CO2 to depleted oil wells
for injection into those wells as part of the EOR process. The EOR process by COzinjection will
permanently sequester the CO2 and provides the potential for 1ecovery of at least 180 million
bairels of stianded oil from neatby reservoirs. Thus, not only will the Project displace a portion
of imported fuels with domestic coal, its beneficial impact on America’s energy independence
will be multiplied through the development of domestic oil reserves that, until now, have been
stranded. Replacing part of imported hydiocarbon products with domestic coal helps minimize
the adverse impacts on the U.S. fuel supply caused by instability in the political conditions of
other countries and uncertain foreign economic conditions, thereby also contributing to important

national defense goals as well

The Project will also produce unique and unparalleled environmental benefits. In addition to the
landmatk environmental benefit of permanent carbon capture and sequestiation, the Project will
also result in the re-completion of existing oil wells in the immediate area of the Michigan Basin,
long sought by local envitonmentalists.

Synergies between the vatious processes of the project will be exploited to maximize by-product
utilization, decrease costs and increase efficiencies The chief synergy and prime example of
byproduct utilization is, of course, the capture and sale of CO2 However, numetous other
synergies exist, due in part to the unique nature of the Energy Patk being developed by the
Project, which also will include a new refinery. Examples of these synergies include:

» Steam discharged fiom the power steam turbine will serve as an energy supply for the
crude oil refinery, which also will have the ability to purchase low cost electricity
produced by the power block with minimal transmission infrastructure.

»  The refinery will receive crude oil recovered by the CO2-EOR process from depleted
wells in the Michigan Basin region.

The governing and licensing authotities of the City of Alma, Gratiot County, and the State of
Michigan as well as the Michigan Environmental Council are extremely enthusiastic and
supportive about the possibility of additional available power, the positive environmental effects,



and the economic benefits generated by the Project. Strtong support by controlling and regulating
authorities should assure that the permitting process is straightforward and timely . It 1s
anticipated that all required permits will be issued within the two-year planned development
timeframe

In sum, the Project’s IGCC-CCS plant, using clean coal-based technology to produce electric
powet and applying state-of-the-art techniques to capture COz for permanent sequestration in
connection with the EOR process, will provide unmatched economic and environmental benefits.
The Gieat Lakes Encrgy Patk’s gasification power plant will be the first project to leverage
greenhouse gases, and 1ecover and process more of America’s domestic oil resources.

Financing and Ownership Structure

The project sponsors have developed a plan of finance and ownership structure that will
minimize the cost of capital while meeting the objectives and needs of the project participants,
The IGCC facility will be jointly owned by a private consortium and the MPPA . The Michigan
Public Power Agency was created in the 1970s for the purpose of undertaking the planning,
financing, development, acquisition, construction, reconstruction, improvement, enlargement,
betterment, operation or maintenance of a project or projects to supply electric power and energy
for the present and future needs of its member municipality. The MPPA member municipalities
serve 1etail load and, as a group, offer considerable credit strength.

The private consortium will consist of strategic and financial investors, including SemGueen, a
member of the SemGroup family of companies. For tax and financing purposes, the Project’s
gasifier will be owned solely by Great Lakes IGCC, with no ownership of that part of the Project
by MPPA o1 other public power entities, whose ownetship interest is anticipated to be limited to
the combined cycle portion of the project. Given the financial 1esources and commitments of the
Project sponsots, the Project ownership structure provides a stable and reliable financial
foundation that will ensure timely completion of the Project and utilization of tax credits
allocated to the Project. Thus, the Project has secured more than sufficient land to allow for
construction of the Project and its operation on a long-term basis
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Project Participants
The key participants in the Project include the following:

*  Great Lakes IGCC, L.L.C.: Great Lakes IGCC, LLC (“Great Lakes™), is the developer of
the Great Lakes Energy Research Park “Project ” Great Lakes is owned equally by
SemGreen, L. P. (a wholly-owned indirect subsidiary of SemGroup, L P} (“SemGtoup”) and
M&M Energy, LLC (*M&M”)

=  SemGreen, L.P.: SemGreen, L. P. is a majority-owned subsidiary of SemGroup, L .P.
SemGroup is one of the largest privately held companies in the United States. As of
December 31, 2005, total assets amounted to approximately $3 6 billion with long-term debt
of just under $1 billion. Revenues for the year ended 2005 were over $20 billion with
EBITDA (excluding extraordinary items) of $395 million The ownership group of
SemGroup includes Carlyle/Riverstone {32%), a premier U.S. private equity firm with
investments in the energy and power sectors. SemGroup’s principal business is to provide
gathering, transportation, storage, distribution, marketing, and other midstream services
primarily to independent producers and refiners of petroleum products located along the
North American energy corridot from the Gulf Coast region and Mexico to cential Canada

* M&M Energy: M&M Eneigy is a Florida-based energy management company. M&M
Energy is teamed with Great Lakes IGCC in the development of the Project The principals



in M&M Energy, LLC are J. Michael Muckleroy, Chairman and CEO and Michael Sawruk,
President and COQ, who coliectively are experienced encigy pioject developers and have the
experience and capabilities to complete a project of this magnitude and complexity.

* Michigan Public Power Agency: Ihe Michigan Public Power Agency is a non-profit,
customer owned, joint action power supply agency established in 1976 under Michigan
Public Act 448 It currently has 14 municipal members and is involved in joint ownership of
electrical generating plants and trtansmission facilities, as well as pooling of utility resources

»  SemCrude, L.P.: SemCrude, L P. (“SemCrude™) is a subsidiary of SemGroup SemCrude is
headquartered in Tulsa, Oklahoma and gathers, stores and markets crude oil and condensates.
The company maintains a strong presence in North America’s central energy corridor and is
a leading transportation services provider in the Gulf Coast area, moving more than 70,000
barrels per day fo market.

*  WorleyParsons: WorleyParsons is an international engineering and construction firm with
specific expertise in the development, design and construction of gasification process units
WotleyParsons has provided coal gasification and fhuidized bed design and support
contractor services for the last 25 years to DOE as well as the Electric Power Research
Institute, the Institute of Gas Technology, and to domestic and off-shore private utilities
corporations.

»  Conoco-Phillips, Inc.: Conoco-Phillips, Inc (“*Conoco-Phillips™) is an international,
integrated energy company headquartered in Houston, Iexas Conoco-Phillips is the owner
of E-Gas technology for gasification and possesses over 15 yeats of proven commercial
experience in IGCC applications.

IV. Project Status and Ability to Meet RFI Timeframe

The Project has been in development for approximately 28 months. During this time, the Project
partners have secured a site, negotiated a land purchase agreement with the City of Alma,
Michigan, and private parties, developed terms for Project agreements, begun the process for
obtaining interconnection and transmission service and firm off-take agreements, developed a
financial structure and met with all applicable local, state and federal regulatory contacts. A
Power Purchase Agreement (PPA) is under active negotiation and is expected to be executed
within 90 days.

The current project schedule includes a summary timeline of key Project activities and the
schedule for the Project’s development. With preliminary project development substantially
completed, the Project can meet the timeframe set forth within the U S. DOE REFL

V. Funding Requirements

The total plant cost for the project is estimated at $2 15 billion. This includes licensing fees, front
end engineering, start-up costs, and permitting, legal, financial, and technical expenses The



project 1eflects current pricing and engineering estimates for IGCC and the cost is appropriately
sized for a Project of this complexity. The estimated amount of U.S. Department of Energy
contribution that would be required for the completion of the project is approximately $250 —
300 million or 12 - 14% of the total project cost.

VI. Consideration for Other Advanced Coal Technology Systems

Great Lakes IGCC recommends the revised FutureGen approach concentrate on IGCC rather
than allowing for other advanced coal technology systems at this time  IGCC offers other
degrees of freedom through the intermediary, syngas, which cieates an opportunity for different
directions of use including as a boiler fuel, synthetic liquid fuel, or for chemical products 1GCC
has inherent fuel feedstock flexibility as well as demonstrated ability to minimize dischaige of
pollutants such as sulfur and mercury.

VII. Comments on Decoupling Power Generation & Carbon Transport and
Storage

It is reasonable for the carbon transport and storage of CO2 to be decoupled from the power
generation aspects of the project and performed by separate entities, as demonstrated by this
project. This project, has in fact, alicady developed a broad base of diversified CO2 market uses
utilizing partners who have significant Enhanced Oil Recovery expetience This is not unlike the
current energy industry in which, for example, natural gas storage is decoupled from
transportation. This "decoupling” of interests should allow for rapid deployment and
commercialization of these technologies which will serve to accelerate development activities

VIII. Other Comments on Revised FutureGen

We feel very strongly that the revised approach to FuturGen development, i.e. a more diversified
“portfolio” approach such as that under consideration will allow for a more robust development
cycle, where different external factors such as geography and potential for carbon capture and
sequestration are addressed This should lead to more realistic “real world” solutions to clean
coal technologies as well as carbon capture commercialization



Restructured FutureGen Initiative
Comments on the RFI from Mitsubishi Heavy Industries America, Inc.

The inttoductory sentence of the “Request for Information (RFI) on the Department of
Energy’s Plan to Restructure FutureGen™ indicates that the intent of the restructuting is to,
“_ ensure that it more closely reflects the immediate and future needs of the Nation, its

power sector and the taxpaying public.” Mitsubishi Heavy Industries, America (MHIA)
firmly believes the immediate and future needs of the Nation, its power sector and the
taxpaying public will be best served by restructuring the FutureGen solicitation to include
consideration of projects that propose to install post-combustion carbon dioxide equipment

on existing coal-fired generating units

While integrated gasification combined cycle (IGCC) technology with pre-combustion
carbon dioxide capture promises to be an economically competitive option for new electricity
generation facilities in a future carbon constrained world, it is likely that advanced pulverized
coal-fired generation with post-combustion carbon dioxide capture will also be an
economically competitive technology for new generating facilities. This is especially true if
the new facility will burn lower rank coals. Furthermore, focusing exclusively on the IGCC
option ignores the extensive fleet of existing pulverized coal-fired generating units  These
pulverized coal-fired power plants represent a laige percentage of the existing installed
capacity. It is unlikely that new CO, limiting regulation can be met without reducing
emissions from these existing plants. It is also unlikely that new generating capacity can
be installed on a schedule to meet future demand for electricity without these existing
coal-fired plants. Therefore, CO; controls must be installed on a large number of the
existing and new build plants in order to meet the greenhouse gas reduction policy
objectives while ensuring the Nation’s ene1gy secutity and economic prosperity.
Furthermote, pulverized coal-fired units with post-combustion CO; captute can meet all
of the emissions objectives of the restructured FutureGen initiative

Mitsubishi Heavy Industries (MHI) has been involved in the development of CO; capture
technology using aqueous absorption and stripping since 1990 This involvement has
resulted in development of an advanced, sterically hindered amine solvent (known as KS-
1) and an energy efficient process (known as KM-CDR). Together, these developments
produce an apptoximately 30% reduction in energy consumption compared to the mote
conventional aqueous processes that use monoethanolamine (MEA) solvents. The KM-
CDR process with KS-; solvent has been well received by the fertilizer and chemical
industry, with four CO2 capture plants now in operation (one since 1999) and another
three under construction. These systems are all installed on natural gas-fired applications
and have a capacity of 450 metric tons of CO; per day (MTD) or less. In addition MHI
has also completed a Front End Engineering Design (FEED) study for an 8300 MID plant
and has performed conceptual engineering for a 3,000 MTD system, both on natural gas

MHTI’s experience with coal-fired flue gas, in compatison to natural gas, is much more
limited. CO, capture with from coal-fired flue gas is significantly more challenging due



to the associated impacts of a range of impurities and contaminants that are present in
coal-fired flue gas streams MHI built and operated a 1 MTD pilot plant in 2002 at its
Hiroshima Research and Development Center Later, a 10 MTD pilot facility was
constructed at J-Power’s Matsushima Power Station The Matsushima pilot plant began
opetation in 2006 and has successfully completed a continuous 4,000 hour test campaign.
During this campaign MHI confirmed and identified a number of specific impacts related
to the effect of the impurities in the coal-fired flue gas on the solvent and the KM-CDR
hardware. This enabled the development of possible countermeasures considered
necessary to overcome these effects. MHI is continuing its testing at Matsushima as well
as at its Mihara test facility The Mihara facility is the world’s largest multi-pollutant test
facility, capable of performing various absorber based tests on flue gas streams with the
equivalent volumetric flow of a 400 MW generating unit.

MHI believes its CO, capture technology is sufficiently proven for natural gas-fired CO2
capture applications. MHI’s past expetience in the development, design, and
construction of world class flue gas desulfurization (FGD) systems (up to 1100 MW for a
single module) also gives MHI confidence to offer commercial warranties for systems up
to 3000 MTID on natural gas-fired CO2 applications However, many questions remain
to be 1esolved before a similar level of confidence can be reached for coal-fired
applications and MHI (nor to our knowledge any other CO2 captute technology provider)
is not in a position to offer the kinds of guarantees clients demand for the successful
commetcial deployment of coal fired CO2 capture plants. Therefore it is absolutely
necessary that a demonstration of this technology, at significant scale, be accomplished as
a matter of wrgency. This will enable the engineering confirmation of impacts of the
impurities and the development of effective countermeasures and would provide data
necessary to more confidently predict cost and performance MHI believe that
facilitation and support of such a demonstration is a legitimate role for government. MHI
is willing to participate and significantly contribute to such demonstration activity and for
this and several other reasons we are requesting that DOE allows for post combustion
CO2 capture projects to be consideted for eligibility in the restructured FutureGen
Initiative.

MHI 1esponses to the specific RFI questions follow.

+ Name, Point of Contact, Telephone Number, Mailing Address, E-Mail Address.

Mitsubishi Heavy Industries, Ametrica
Steven Holton, Senior Matketing Manager
(512) 419-5388 (0), (512) 804-8789 (Cell}
9400 Amberglen Boulevard

Austin, Texas 78729
steven_holton@mbhiahq.com

* Location of project

MHIA is unable to identify a specific project and location at this time due to
confidentiality concerns of our client. The potential project would be located on an



existing coal-fired generating site and would have access to a sequestration
demonstration site. Furthermore it would be conducted at significant scale that would
lead to the future commercial development of CCS in line with the aims of the
restructured FutureGen Initiative.

« Narrative description of project that includes the status of project development and the
technical and financial qualifications of the project team to conduct the project.

Confidentiality agreements are in place and the initial project development
discussions have begun In addition to MHI, the likely project team will include the
highly regarded R&D staff of the host utility, technical support from EPRI, and
technical support from a leading university MHI is an internationally respected
company with 2006 sales approaching 3,000 billion Japanese yen The host utility is
a large, well established electric utility based in the US with an equally large annual
turnover

« Discussion of the company’s ability to meet or exceed the time frame set forth in the above
schedule

Because of the decrease in emissions from an existing, permitted site, the length of
time required for initial permitting and constiuction activities should significantly
favor the MHI project compared to a project that would involve a new generating
source. If DOE selects the MHI project by the end of 2008, the project could be
opetational as early as the end of 2011, enabling the US to have the worlds first large
scale demonstration of CCS on a coal fired installation.

» Eistimated amount of DOE contribution (in percentage and/or dollars) that would be
required for the company to pursue the project.

The estimated cost of the project has not been determined at this time. However it is
expected to be less than $US 200 million and will encompass the following scope;
CO2 capture, compression and delivery to a pipeline, and operation for 4 years
Furthermore, we believe that the host utility, MHI, and other contributors will fund
from 25% to 50% of the total project cost.

» Any technological, financial, or legal issues or barriets that DOE should be made aware of
that limit the effectiveness or feasibility of DOE’s restructured approach to
FutureGen

MHI are aware of no issues o1 barriers that would prevent DOE fiom implementing a
post-combustion CO, capture and sequestration project as a part of the restructured
FutureGen activity

- Other information or concetns that would assist DOE in implementing the revised
FutureGen.

MHI has no additional information at this time but stiongly believes that the
restructured FutureGen approach will better serve the US coal-fired electric power



sector by providing multiple funding opportunities for a diverse range of CCS
projects encompassing both pre and post combustion technologies.

Thank you for the opportunity to respond to this REI. MHI look forward to working with
you on this very important demonstration project in the future
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Response to the Department of Energy’s Request for Information on its
Plan to Restructure FutureGen

First, I would like to congratulate the DOE on its decision to restructure the FutureGen
program. The ability to separate CO, from syngas has been well proven, and the
Weyburn EOR project demonstrates CCS for this application. For the DOE to bear the
large financial burden of constructing a new IGCC plant that is essentially the same as
either Wabash or Tampa, scems to be repetitive. It seems more prudent to pursue the
current plan of action; develop more CCS infrastructure and demonstrate more CCS
technology ~The problem for the coal industry and IGCC does not scem to be the
development of technology for carbon sepaiation, but the extended timeline to develop
sequestration infrastructure. 1

To use a cliché, The Future Belongs to the Efficient. Never has this been more evident
than today. IEA studies?® indicate that CCS will require 25 to 30% more energy than non-
capture plants of the same capacity. This equates to more coal consumption, and more
CO, for disposal. These trends will only serve to deplete energy reserves at a faster rate,
lead to the need for larger CCS infrastructure, and require more saline aquifers for CO;

storage.

Let’s examine the CO, emissions from the United States, Figure 1 indicates that 6 billion
metric tons of CQ, emanated fiom the USj in 2006, and provides a breakdown of
emissions from the various sectors’

THE DATA, IDEAS, CONCEPTS, ANALYSIS, AND OTHER INFORMATION CONTAINED IN THIS
LETTER AND ITS ATTACHMENTS CONSTITUTE CONFIDENTIAL INFORMATION OF
NOVELEDGE TECHNOILOGIES, LLC (“THE COMPANY™) THAT IS PROPRIETARY TO IHE
COMPANY AND SUBJECT IO ANY CONFIDENTIALITY AND NON-DISCLOSURE
AGREEMENTS BEITWEEN THE COMPANY AND THE DEPARTMENT OF ENERGY (DOE).
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The power industry is clearly the largest emitter of CO,. The transportation industry is a
close second However, the automobile industry is making great strides to lower its CO;
footprint. As well as providing more efficient vehicles, the automobile manufacturers are
turning to electric drive vehicles Several plug-in hybrids are slated for production in the
2010 timeframe, as well as the Chevrolet Volt, an electric vehicle with a 40-mile all-
electric range, and an onboard ICE (internal combustion engine) to provide electric power
when the batteries are at a low state of charge®.

Bob Lutz, Vice Chairman of Global Product Development at General Motors, has stated,
“The electrification of the automobile is inevitable” Thus he has championed the Chevy
Volt. Designed as a mid-size sedan, this car would provide transportation for most
Americans to commute to and from work without the need for any gasoline. When the
gasoline engine is needed, this car achieves about 50 mpg It can travel 40 miles on &
kWh of electricity in its all-electric mode

Based on 15,000 miles per year and an average of 25 mpg, the typical mid-size sedan
consumes 600 gallons of gasoline per year. With the Volt, assuming 2/3 of the miles
driven are on electric power, 1/3 on gasoline, annual consumption reduces to 100 gallons
of gasoline per vear. Electric powered miles come at a cost of nominally $0.02 per mile,
versus $0 .12 per mile for gasoline in today’s typical mid-size sedan If 100 million
vehicles like the Volt were employed in lieu of the current 25-mpg sedans, gasoline
consumption would drop by 325 million barrels per day. Carbon emissions would be
reduced by 530 million metric tons pet year®.

For residential/commercial heating and cooling, Public Service of New Hampshire is
promoting geothermal systems They state that customets can heat their premises for
$0.49 per square foot, versus the typical average of $1.20 per square foot with fossil fuels
Again, these sectors of the economy are using methods to reduce their use of fossil fuels.

However, all of these sectors, commercial, residential, and transportation, are reducing
their direct greenhouse gas emissions by converting to electricity. However, if the

THE DATA, IDEAS, CONCEPTS, ANALYSIS, AND OTHER INFORMAIION CONTAINED IN THIS
LETTER AND ITS ATTACHMENTS CONSTITUTE CONFIDENTIAL INFORMATION OF
NOVELEDGE TECHNOLOGIES, LLC (“THE COMPANY™) THAT IS PROPRIETARY 1O THE
COMPANY AND SUBJECT TO ANY CONFIDENTIALITY AND NON-DISCLOSURE
AGREEMENTS BETWEEN THE COMPANY AND THE DEPARTMENT OF ENERGY (DOE)
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incremental power required for these sectors comes from the existing coal fleet at a
nominal 33% efﬁciencyT, then their indirect CO, emissions may in fact be greater than
the direct use of fossil fuels. This phenomenon is better understood afier reviewing
Figure 2%

Figuve 2; U 5. CO: Emissions from Power Genetation
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So, not only does the power segment of the US. produce the most COz, coal-derived
power produces 83% of those emissions. Therefore, with other segments of the economy
turning to the power industry not only for low-cost energy, but also for reduced
greenhouse gas emissions, it is obvious that the coal-fired power in this country (and
globally as well) must be more efficient and emit less COs.

Currently, industry is looking to IGCC, coupled with CCS, to provide the answer
However, it is clear from numerous studies that the capital costs and fuel costs for this
arrangement will be considerably more than non-CCS facilities’. In addition, there are
only limited opportunities for EOR at this time In the Texas Basin, approximately 7
million tons per year of CO, are consumed for EOR, which is equivalent to the CO;
produced by a single 1000 MW conventional coal plant. With 300 GW of installed coal
capacity, there is clearly a need for vastly more sequestration sites,

In addition to IGCC, CTL plants may also be constructed in the future, as recent spikes in
oil prices make their products financially attractive The Department of Defense has also
indicated an interest in CTL facilities, as they can reduce dependence on foreign oil
However, CTL facilities emit large quantities of CO,, and they also will need to take
advantage of CCS technology.

To repeat the cliché, The Future Belongs to the Efficient, can be evidenced by the
Public Utilities Regulation and Policy Act of 1978 This legislation included a process
for more efficient use of energy, namely, cogeneration (which is also known as combined
heat and power, CHP). This process allows for the co-location of power generation
equipment, namely heat engines, with facilities that have thermal loads. With this co-
location, low-level heat from the engine(s), which is typically dumped to ambient in a

THE DATA, IDEAS, CONCEPTS, ANALYSIS, AND OTHER INFORMATION CONTAINED IN THIS
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power-only application, can also provide thermal load requirements, thus displacing the
fuel normally required by the host facility Fuel utilization rates for these types of
applications can approach 90% with proper integration.

Thus, the question becomes, kow do we make the most from our coal reserves?
Proprietary Information in this section not supplied

In summary, the FutureGen scope is changing to include funding for the demonstration of
CCS technology This is a necessary step, as some scientists consider global warming an
immediate and serious threat. This includes Jim Hansen, Director of the Goddard Space
Science Laboratories, who feels that the Earth’s environment may be reaching a “tipping
point”, where the environmental damage could be irreversible. He has called for a
moratorium on new coal plant construction, and a 20-year phase out of existing coal

plants.

The implementation of CCS could make coal acceptable, however, the goal of CCS
should not be to just pump enormous quantities of CO, into the ground. The goal should
be to find the cleanest, most efficient, and most cost effective means to uiihize an
abundant natural resouice such as coal.

Many countries, including the U S, depend upon coal as one of its primary energy
sources. Therefore, a clean, more ecfficient, and more environmentally friendly
conversion of coal will help to maintain low energy prices, lower emissions, and
significantly reduce greenhouse gases around the globe

Regards,
Wl 4. 2.

William S. Rollins, PE
President

! “C0, Capture-Ready Design for ‘Powet Plants”, by Richard Klover of Burns and McDonnell Presented at the 2007
PowerGen International Conference in New Orleans

2 “Energy, Climate Change, and Coal — Towards Zero Emissions lechnologies”, by Kelly Thambimuthu of [EA,
presented at the Pittsburgh Coal Conference 2005

* “Carbon Dioxide Regulation, and Its Effect on the Electric Utility Industry”, by E Couppis, M Gewalt, V' Hahn, and
R Moe of R W. Beck. Presented at the 2007 PowerGen [nternational Conference in New Otleans

* See website www.gm-volt.com for more information on the Chevy Volt

3%Bob Lutz; The Man Who Revived the Electric Car”, by Keith Naughton of Newsweek Updated Dec. 22, 2007 See
http:/f'www.newsweek.com/id/8] 580

¢ See www.lueleconomy.org. Click on “New 1985-2008 MPG estimates”. For a typical sedan, select the 2008
Chevrolet Malibu with the 4-cylinder engine. Its average fuel economy is approximately 25 mpg and carbon
emissions are given as 7 3 tons per year
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7 «Carbon Capture and Sequestration Abilities of IGCC Technology”, by the General Electric Company  Presented at
the 2007 PowerGen International Conference in New Crleans

® «Carbon Dioxide Regulation, and Its Effect on the Electric Utility Industry”, by E Couppis, M. Gewalt, ¥V Hahn, and
R Moe of R W Beck Presented at the 2007 PowerGen International Conference in New Otleans

 “[GCC Cost and Performance Current-Day to Advanced Designs”, by fulianne Klara of NETL Presented at the
2007 Gasification Technologies Conference in San Francisco
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NRG Energy, inc.
211 Camegie Center
Princefon NJ 08540

Phone: 609 524 4500
Fax: 609 524 4501

March 3, 2008

U S. Department of Energy

National Energy Technology Laboratory
3610 Collins Ferry Road

Morgantown, WV 26507

Attn: Keith Miles

Re: NRG Energy Response to the Request of Information (RFI) on the Depariment
of Energy Plari to Restructure FutureGen

NRG Energy, Inc (“NRG”) is a leading competitive power generation company, with a porifolio of over 24,000 MW of
generation capacity that is distinguished by its range in geography, fuel source, and dispatch level NRG has facilities
in the Northeast, South-Central, Texas and Western regions of the United States The company’s facilities use a wide
array of fuels, including natural gas, oil, coal and nuclear, across a balanced portfolio of basc load, intermediate and
peaking units. NRG procures over 30 million tons per year of coal and is the second largest buyer of low-sulftir coal
fiom the Powder River Basin.

The United States faces two overwhelmingly urgent energy needs: we must increase our energy independence while
also significantly reducing the climate impact of fossil fuel energy use. These objectives can be achieved through a
naticnal initiative to accelerate the development, commercial demonstration and deployment of clean coal technologies
(CCT)ywith carbon capture and storage (CCS). NRG recognizes the need to reduce its own carbon footprint, and is a
leading advocate of a mandatory cap-and-trade program to reduce greenhouse gas emissions. NRG also is pursuing
cutting-edge projects in new technology, and seeks to develop closer partnerships with the Department of Energy in
these efforts

This letter provides our views on a national initiative for the development, commercial demonstration and deployment
of CCT/CCS technologies  Although these comments are being submitted in response to the RFI concerning the
restructuring of FutureGen, NRG does not take a position as to whether or not the current FutureGen project should be
restructured  In our view, the scope of the current RFI is too natrrowly focused on the FutureGen project, and does not
adequately consider the broader national policy goals of energy independence and greenhouse gas reduction. The
continued use of coal is and will remain central to efforts to achieve U.S. energy independence, but it must be
decarbonized to limit adverse impacts on climate. To achieve these goals, DOE and stakeholders need to come to a
consensus on a comprehensive national climate change technology strategy that integrates the objectives of the
FutureGen project, the Clean Coal Power Initiative (CCP1), the Carbon Regional Sequestration Partnerships (CRSP),
the Innovations of Existing Plants program, the Title XVII Loan Guarantee program, and the EPACT 2005 tax credit
programs

Our detailed comments are divided into two sections: (1) comments on the need for and the outlines of a comprehensive

national strategy for accelerating CCT/CCS technology commercialization; and (2} information on current NRG
projects that offer the basis for partnerships with DOE

A Strategy for an Expanded and Accelerated Program for Clean Coal



Technologies and Carbon Capture and Storage

The Case for Strong Federal Leadership:  The use of coal accounts for over half of all electricity generated in the
U'S. While the portfolio of electricity generation technologies may shift in the futare toward low carbon or carbon free
encrgy sources such as natural gas, nucleat, wind, solar and other renewable energy sources , the abundance of coal
reserves in the 1J 8 ensure that coal will continue to be among the most economic energy sources for our economy
Thus, any national effort to reduce greenhouse gas emissions must address the need to reduce carbon emissions from
coal combustion, whether through retrofit of CCS technologies at current facilities or deployment of advanced clean
coal technologies with integrated CCS features

Thete are a number of advanced clean coal technologies and CCS component technologies that have progressed through
the R&D process to the point of commercial demonstration. However, the pathway to commercial deployment is
impeded by a number of factors: first-of-a-kind technical risk and first-of-a-kind equipment costs that are far above
market prices for other generation technologies; the lack of a carbon price signal; and uncertainties surrounding the
legal and regulatory framewotk for CCS applications. No single company can solely assume these risks, yet all will
benefit once these risks and uncertainties are resolved and economies of scale are realized in producing CCS equipment
Thus, a strong federal role, through the Department of Energy, is needed to establish the appropriate partnerships with
those companies willing to be leaders in de-carbonizing coal-fired electricity generation. By hastening cost reductions
and the commercial deployment of the most promising CCS technologies, government investment will achieve large net
economic and environmental benefits for consumers and taxpayers

The Need for an Accelerated Program: The enactment of a mandatory carbon cap-and-trade program will not, by
itself, be sufficient to ensure the commercialization of CCT/CCS in a timely fashion. And, absent the ready availability
of new low-carbon technology, compliance with mandatory emission caps will impose higher costs on the U.S,
economy than necessary. An accelerated technology program, beginning now and achieving additional funding through
climate change legislation, will ensure that significant greenhouse gas emissions reductions can be achieved at the [east
possible cost to consumers and disruption to the economy

NRG is convinced that with the right combination of legislative, regulatory and commercial incentives, coal-based CCS
technologies can be ready for widespread commerciat use by the end of the next decade. This would represent a
significant acceleration of the cutrent pace of technological development and would allow the U'S to become a global
leader in greenhouse gas emission reduction technology

Outline of the Major Parameters for a National Technology Strategy: Congress and the Administration have
provided DOE with a variety of tools to bring new technology into the marketplace The FutureGen project, the subject
of the current RF1, is only one approach. However, the DOE proposal to restructure the FutureGen project falls short of
what is needed to achieve a comprehensive and expanded federal program The parameters for a comprehensive
program should include the following: '

s Comprehensive scope of technolpgies; DOE should provide strong support to all major categories of CCS
technologies, including pre-combustion CC§ technologies, such as Integrated Gasification Combined Cycle
{IGCC), post-combustion CCS technologies and oxygen enriched combustion The RFI only addresses
IGCC/CCS technologies. Also, DOE should support technologies that can be used in both retrofit applications
and in new facilities.

o Multiple Demonstration Projects: DOE commercial demonstration efforts should support, in parallel,
multiple projects in different regions of the country that reflect different combinations of technologies and
coals. This will more 1apidly achieve economies of scale, induce competition amongst original equipment
manufacturers (OEMSs) and better tailor technologies to different coal types, altitudes and geologies. In
addition, CCS demonstration projects employing different geologic media are needed in order to develop a full
understanding of performance and environmental issues

e Emphasis on Commercial Application: the DOE efforts should emphasize the objective of gaining early
commercial experience as quickly as feasible There has been substantial previous investment in R&D on
various technologies and technelogy components. The experience gained from early commercial
demonstration projects will create learning-by-doing opportunities that will be a more powerful force for
innovation than continued R&D to perfect technologies absent commercial demonstration Commercial




demonstration projects also will provide the stimulus to expand manufacturing capability in order to lower
costs, improve equipment performance and provide a firm basis to support subsequent broad commercial
deployment.

Flexibility in Project Eligibility Criteria: WRG supports the proposed objective to achieve commercialization
of technologies that can attain 90% carbon capture and storage However, we believe that the project selection
criteria for the initial demonstration projects should be flexible, so long as the project sponsor can demonstrate
te DOE that the technology can evelve to meet the DOE ultimate technical objectives. For example:

o Demenstration of post-combustion retrofit technologies could be achieved on partial slip streams
from existing generating facilities, so long as the scale of the project was sufficient to provide
technical assurance that the technology can then be applied at fuil scale;

o Carbon capture technologies could be initially demonstrated at lower levels of carbon capture, so long
as subsequent projects could be upgraded to higher levels of capture; and

o Demonstration projects using IGCC/CCS may not necessarily need to be at the scale of a 300 MW
train in order to demonstrate commercial feasibility. While this scale appears typical for IGCC
projects, there may be new ot novel project configurations that could be accomplished at a smaller
scale

DOE project eligibility criteria should emphasize the realization of the technical objectives of the
demonstration program, and be less prescriptive of the means to achieve those objectives  This approach
would reduce the technical risk and the cost to the government of proposed demonstration projects, while
enhancing rapid realization of the DOE technical objectives

Enhanced and Coordinated Federal Incentives: The initial cohort of commercial demonstration projects will
require federal incentives The first-of-a-kind costs associated with these projects are far above those that can
be covered by power sales and other revenue streams, such as sale of CO2 for enhanced oil recovery (EOR).
The cost of large commercial demonstration projects also poses a challenge to existing DOE resources. The
proposal for DOE to cap federal support at the level of the incremental cost of CCS technology for a single
power train is too rigid and is unlikely to be the most cost-effective approach to funding demonstration
projects The economics of the project as a whole, including both capital investment and operating revenues
and costs, need to be evaluated in the determination of the level of federal participation. For example, power
and potentially EOR revenues can support a significant share of the cost of the project, leaving only the above-
market cost portion of the project in need of federal support. This approach offers a more cost efficient way to
achieve the DOE objective of significantly leveraging the number of projects that can be supported by a given
pool of federal resources

Ensuring that the existing federal resources are applied in the most cost effective manner is a necessary but not
sufficient condition Additional federal resources, over and above current program budgets, are needed to
achieve successful commercialization of CCT/CCS technologies 1In addition, the use of federal cost sharing
resources needs to be better cootdinated with other federal incentives. A comprehensive program of increased
funding for cost sharing, loan guarantees and tax credits can achieve effective, rapid deployment of CCT/CCS,
with the attendant reductions in cost and timing to full commercialization Optimization of federal financial
incentives also will minimize total cost to taxpayers. Currently, these three types of incentives are being
implemented as stand-alone progtams, hindering efforts by companies to plan projects where the application of
more than one form of federal incentive is needed to achieve a viable and cost effective solution

Integration of CCS Technology and Regulatory Actions: An accelerated program for implementation of CCS
technology requires paraliel implementation of technology, resource characterization and regulatory measures,
such as:

1 The eatly, competitive demonstration and deployment of critical mass generating facilities that actually
capture CO2 for sequestration  These projects will of necessity focus on IGCC and emerging post-
combustion technologies. Initial support for 5 to 10 projects to be completed by 2012, followed by strong
financial incentives for up to 20 such projects that could be online by 2018, should be provided as part of
climate change legislation, and the current funding approaches should anticipate this future source of
funding.



2. The identification and wtilization of saline aquifers, along with enhanced oil recovery (EOR), to sequester
the CO2 from all these projects on the basis of current best practices and the vast experience gained by
existing EOR operators, natural gas transport and stotage, and oil field services companies

3 The promulgation of a regulatory regime for geological sequestration that is safe, effective and
commercially attractive, and that is designed in a manner that will not delay or encumber early CCS
projects.

For CCS to be ready in time, each of these elements must develop in parallel, rather than sequentially By
contrast, a sequential approach — first one or two government financed pilot programs, followed by
sequestiation rule development, followed by technology improvement efforts — could easily add a decade or
more to the commercialization of CCS. This would severely impair our nation’s ability to effectively and
timely slow the growth of greenhouse gas emissions.

NRG New Technology Initiatives

NRG is an industry leader in environmental stewardship and climate change mitigation. NRG has conducted detailed
analyses of alternatives for new clean coal technologies and CCS technologies, and has selected a portfolio of
technologies for demonstration and deployment. To date, NRG Energy has invesied over $10 miilion of shareholder
funds to advance new coal technologies aimed at reducing the carbon footprint of its electricity generation business
These technologies are now ready to proceed to commercial demonstration.

Federal incentives are needed in order to move these technologies into the demonstration process on an expedited basis
While NRG has implemented a number of risk mitigation measures, it believes that the residual technical and cost risk
of these coal-based CCS projects are beyond the limits of conventional financing. Also, the uncertainties regarding
futare carbon emission caps (and a resulting carbon price) and a lack of a regulatory framework for geologic
sequestration pose a significant barrier to private sector financing of these first-of-a-kind demonstration projects.

NRG is working on both pre-combustion and post-combustion CCS technologies The following two projects, one pre-
combustion and one post-combustion, are indicative of NRG technology leadetship.

Huntley IGCC/CCS Project located in Tonawanda, NY

Description: This project is a 750 MW 1GCC facility, focated at the existing Huntley facility in Tonawanda,
NY This is a pre-combustion clean coal project that will incorporate the build-out of IGCC technology with
the capture and storage of 65% of its CO2 emissions. The project would demonstrate the Mitsubishi Heavy
Industries (“MHI"} gasification technology The MHI technology uses dual-train gasifiers integrated with the
MHI1 modified G technologies combined cycle power block.

Status and Schedule In December 2006, NRG received a conditional award in a competitive bid process with
the New York Power Authority (“NYPA”) The conditions for the award are cost to NYPA and the prove-out
of CCS capabilities for the project cost. Meanwhile, NRG, the New York State Department of Environmental
Conservation, the New York State Museum and other state agencies have been working closely together in
order to verify CCS capabilities That wotk is on progress and NRG anticipates that this condition will be
satisfied.

Cost and DOE Partnership Opportunity: The total capital cost for the proposed project is expected to exceed
$3 billion Because the cost of electricity generated from IGCC technology is well above the local market
price, incentives are needed in order to make the project feasible. NRG believes that a combination of DOE
cost sharing, as well as federal tax credits will be needed to supplement expected state and local assistance
NRG is prepared to respond to a DPOE Funding Opportunity Announcement (FOA) in 2008



Praoject Point of Contact Information:

Lee Davis

Vice President, New York Asset Management
211 Carnegie Center

Princeton, NJ 08540

(609) 524-4571

Lee Davis@nrgenergy com

Parish Post-Combustion CCS Retrofit Project at the W.A Parish Facility near Sugar Land, TX

Description: This CCS demonstration project will be conducted at the NRG W A Parish facility near Sugar
Land, Texas, on flue gas equal in quantity to that from a 125 MW unit. The project will be designed to capture
90% of CO2Z from the combustion boiler It is estimated that the demonstration will capture and sequester
about one million tons of CO2 annually — ranking it among the world's largest CCS projects and potentially the
first to achieve commetcial scale capture and sequestration from an existing coal-fueled power plant Once
captured, the CO2 is expected to be used in commercial EOR operations in the Houston area

Status and Schedule: Preliminary studies have been completed, and sufficient information is available to
respond to a DOE Funding Opportunity Announcement (FOA) in 2008 The project is planned initiation of
construction in 2009 with the facility to be operational in 2012

Cost and Partnership Opportunity: The estimated capital cost for implementation of the demonstration
project is expected to be approximately $150 — 200M for carbon capture and compression equipment, NRG
believes that the most appropriate partnership opportunity would be direct DOE cost sharing for a pertion of
the capital investment costs. Another portion of the capital investment costs and operating costs will be funded
from revenues from the use of the compressed CO2 in EOR operations in the Houston area

Project Point of Contact Information:

Will Stokes

Vice President, Texas Asset Management
NRG Texas

(713) 795-7980
Will.Stokes@inryeneryy.com

Conclusion
We appreciate the opportunity to present our views and comments on this issue, Please let us know if we can provide

any additional information on our CCT/CCS project opportunities  We look forward to the opportunity to partner with
DOE in advancing these projects

Sincerely,

ﬁw@ oz d—

John O’Brien
SVP Regutatory & Government Affairs
NRG Energy, Inc
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Pursuant to the Request for Information (RFI) from the Department of Energy (DoE) dated January 8, 2008
Power Holdings submits these comments.

Contact Information

Michael R. Levin

Power Holdings LLC

PMB 145

2112 W. Galena Blvd.

Aurora, IL 80506
847.830.1479 (m)
mlevin@powerholdingsllc.com
www powerholdingslic.com

Location of Project
Blissville Township, Jefferson County, lllinois

Narrative Description of Project

Power Holdings has developed the Southern lllinois coal-to-synthetic natural gas (SNG) facility for the past four
years. The facility will be located in southern lllinois, west of Rend Lake. The facility will operate at a mine
mouth using approximately xx,xxx tons per day of coal to produce approximately xxx,xxx MMBtu per day of

pipeline-quality SNG

The principal process components include coal gasification, gas purification, sulfur recovery, and methanation,
and carbon capture. In addition, the facility will include major components for coal processing, air separation,
power generation, and CO,, processing. PH expects to begin construction of the facility in 2008, with testing

and shakedown in 2011 and full operation in 2012. The facility will contract for sale of 100% of the base SNG
output under 20-year contracts with investment-grade gas utilities.

The project includes full specification and configuration for carbon capture. The base design contemplates full
capture of a sufficiently pure stream of carbon dioxide to permit complete sequestration, either in saline
formations or in enhanced oil recovery (EOR) or similar operations. It will also generate a substantial quantity
of carbon dioxide, approximately 6 million tons per year at full commercial operation. Power Holdings has also
researched thoroughly sequestration and EOR opportunities, and has participated extensively in the
deliberations of the Midwest Geological Sequestration Consortium. Finally, Power Holdings has negotiated
with commercial users of carbon dioxide for EOR. We have a significant understanding of the issues,
opportunities, and challenges associated with CCS.

The project has completed most of the commercial contracts needed to operate the plant. It has also
completed substantially all of the technical design work needed to determine the necessary technology and
processes. In late 2007 it began the front-end engineering design phase, including negotiations with a
construction firm for an engineering, procurement, and construction (EPC) lump-sum, turnkey (LSTK) contract,

The project team includes founders with significant experience and expertise in the natural gas industry,
including coal gasification (Robert Gilpin), energy finance (Stephen Shaw), and energy and utility regulation
and law (Mark McGuire). It also includes an owners’ engineer (Black & Veatch) with substantial experience and
expertise in design and specification of coal gasification facilities. Finally, it includes a lead equity investor
(Energy Capital Partners) with significant background in energy investing and project finance.

Timeframe
Power Holdings can meet the timeframe set forth in the RF1. We expect to begin actual construction on the

facility in late 2008 or early 2009. We expect construction to proceed in two phases, with the first phase

complete in approximately 2010, and the second phase in 2011. We expect start-up and shake down io take
approximately one year, and to finish sometime during 2012, depending on when actual construction begins.
This schedule allows the project to participate in the carbon capture and sequestration activities that the DoE

file://C:\Documents and Settings\Dunlap\l.ocal Settings\I:emp\XPgrpwise\484527D7PITTOLYM.‘ . 6/20/2008
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would like to begin in 2015.

Estimated DoE Contribution
Power Holdings expects its CCS process to include a number of elements, including:

carbon capture from methanation
compression

storage

pipeline shipment

injection

monitoring.

DO WM~

We do know that carbon capture, compression and storage (items 1, 2. and 3.} within our facility will entail
capital costs of approximately $xxx million. At this time we cannot set forth with precision the cost for the other
infrastructure elements (items 4., 5., and 6.), in part because we do not know the sequestration conditions,
design, and equipment specification. Based on our knowledge of similar sequestration efforts, we estimate that
full sequestration in reasonable proximity to the plant site would entail an investment in this infrastructure of

Sxo0e=0x million,

Based on the RFI, we would expect the DoE to provide financial assistance for this capital cost, and for
subseguent sequestration costs.

Barriers that Limit Feasibility or Effectiveness

We can think of several potential barriers. First, CCS can become expensive, and we believe that operators
will be more likely to implement CCS technology if they receive funding for a substantial portion of CCS costs
This suggests that DoE should select a fewer number of appropriate projects, and fund more of the cost of
these projects, rather than funding a smaller share of a larger number of projects.

Second, CCS can vary in its effectiveness depending on the proximate geology. DoE has indicated it will
emphasize saline injection, with enhance oil recovery, enhanced gas recovery, or other uses as a secondary
goal. Some attractive CCS opportunities may need to emphasize these latter uses because of the local
geology, with little or no carbon dioxide sequestered in saline formations. This suggests that DoE consider the
entire range of sequestration approaches, rather than emphasizing saline injection

Other Information or Concerns

DoE seeks comments on two such concerns First, we strongly urge DoE to allow the revised FutureGen
approach to allow for advanced coal technology systems, other than IGCC, that would meet the performance
requirements set forth in the RFI. Numerous uses and applications of coal gasification technology, including
the coal-to-SNG and coal-to-liquids, provide a valuable product while meeting the performance and economic
goals envisioned in the original FutureGen mandate. These alternative technologies use a range of gasification
and production methods, many of which will benefit from the full-scale commercial demonstration of CCS
within their processes. Research shows that some gasification technologies, including coal-to-SNG and coal-
to-liquids, provide an even higher volume and better quality stream of carbon dioxide than IGCC technologies,
Indeed, we believe that DoE will miss a valuable opportunity to demonstrate the viability of CCS if it confines its

funding only to IGCC projects.

DoE also seeks comment about decoupling of carbon dioxide generation (“capture”) from transport and
storage (“sequestration”). We think that while an integrated CCS approach may reduce somewhat the cost of a
complete CCS process, decoupling will allow more than one generator to participate in sequestration in a given
geology. We urge DoE to remain flexible in considering the structure of specific CCS proposals. It should allow
both integrated CCS approaches, in which a single entity undertakes the complete CCS projects, and
decoupled CCS approaches, in which muitiple entities participate in carbon capture, and potentially one or

more participate in sequestration.

We also wish to add that CCS entails two sets of costs: capture, which takes place within a gasification facility,
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and sequestration, which takes place outside of the facility. Above we highlight the different types of equipment
and infrastructure needed for both, and note that the Power Holdings project already includes well-specified
plans for carbon capture. We note that gasification projects of all types, including IGCC, coal-to-gas, and coal-
to-liquids, will benefit from funding assistance that helps both with on-site capture equipment, and off-site

sequestration infrastructure.
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Powerspan Corp. Comments on Revised FutureGen

Powerspan Comments re; RFI on the DOE’s Plan to Restructure FutureGen
Submitted to U.S. DOE National Energy Technology Laboratory/Keith Miles

Submitted by:
Phillip D Boyle

President & COO

Powerspan Corp.

100 International Drive, Suite 200
Portsmouth, NH 03801

{603) 570-3023
pboyle@powerspan com

Below are two comments to the RFI followed by a discussion of Powerspan’s work in CO;
captute technology development, including plans for a one million ton per year CO; capture
commercial demonstration project. The information about Powerspan’s wotk is included for
DOE to understand Powerspan’s petspective as a COz captute technology developer that is
committed to commercializing CO; capture technology as quickly as possible. Powerspan’s two
comments below are provided in the spirit of how to restructure the FutureGen program so that
it can serve all companies actively engaged in commetcially promising CO; capture
technologies.

Under the proposed restructured approach to FutureGen, the NRG/Powerspan commercial
demonstiation project described below would not qualify because it is not IGCC-based, is
under 300 MW and is targeting enhanced oil recovery as the most likely use for the captured
CO.. However this project is one of the largest, if not the largest carbon capture and
sequestration (CCS) project announced to date. Demonstrations of this size are approximately
$150-200 million each in capital investment Neither the generating company nor a technology
developer can fund projects at this level of investment. Yet projects at this scale are required to
bridge the valley between pilot tests (which can be funded by technology developers and the
plant host) and full-scale units (which utilities will fund once regulations become clear).
Without government support, these projects simply won’t get done, and as a result, capture
technologies will be delayed in commercialization Generating companies and technology
developers are likely to be able to make a combined contribution of tens of millions to a
demonstiation project, and then, only if there is a revenue stream, as there would be if using
enhanced oil recovery as the sequestration method.

COMMENT 1 ~ Technology Neutral

The RFI is wholly focused on gasification technologies. This pre-determination of a technology
winner sets up a condition where highly promising projects of commercially viable technologies
may have no real opportunity to get funded. Furthermore, over 99% of existing US coal-fueled
power generation is PC-based with only two small IGCC plants operating in the US. Therefore
the proposed restructured FutureGen approach focuses 100% of the funds to be made available
on less than 1% of the existing market.

Recommendation
The selection process should be technology neutial and ensure that the most commercially
promising CO; capture projects get funded.
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Background
The natuze of CO; capture technology is rapidly evolving, and multiple technologies will be

needed to address the diverse asset base. Coal-based gasification technologies are not a viable
option for the installed based of coal-fired, electric power plants, which currently produce 50%
of our nation’s electricity [t is imperative that economically viable technologies, which can be
retrofit to the existing fleet, be commercially demonstrated.

As supported by the 2007 MII Study: The Future of Coal:

“ A second high-priority requirement is to demonstrate CO; capture for several alternative coal
combustion and conversion technologies. At present Integrated Gasification Combined Cycle
(IGCC} is the leading candidate for electricity production with CO; capture because it is
estimated to have lower cost than pulverized coal with capture; however, neither IGCC nox
other coal technologies have been demonstrated with CCS. Tt is critical that the government
RD&D program not fall into the trap of picking a technology “winner,” especially at a time
when there is gieat coal combustion and conversion development activity underway in the
piivate sector in both the United States and abroad ”

The study continues:

“. The reality is that the diversity of coal type, e g heat, sulfur, watet, and ash content, imply
different operating conditions for any application and multiple technologies will likely be
deployed.”

COMMENT 2 - Project Size

Minimum 1equired size of a 300-MW unit would eliminate the oppoitunity for some promising
commercial scale demonstiations to get funded A 300-MW unit presents unacceptable
technical and financial risk for both the technology developer and the host site. To date, most
demonstiations have been done at the pilot scale (1-5 MW), and an intermediate step (of
approximately 100 MW/ one million tons) is needed prior to a full-scale commercial installation.

Also, the requirement that the first million tons of CO; annually be stored in a saline storage
formation may delay or eliminate the opportunity for the capture technology to be
demonstiated. Powerspan and NRG are planning a one million ton CO: capture demonstiation
expected to begin in 2012, a few years prior to the 2015 operation timefiame identified in the
RFI. Tt is not clear that the regulatory structure would be in place in 2012 to support saline
storage.

Recommendation

Modify the size requirement to be 90% capture and at least one million metric tons of CO;
captured annually This equates to approximately a 100-120 MW size unit. This would still
meet the capture goal of one million tons per year, while minimizing the capital investment.
This size requirement would represent a reasonable scale-up from pilot demonstiations and a
reasonable demonstration of commercial viability.

Relax the requirement for the first one miilion tons of CO; captured annually to be stored in a
saline formation Demonstiations of commercially promising capture technology may be ready
to proceed before the stiucture/framework is in place that would permit sequestiation in saline
formations.
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Background - Reguirement from REI

The RFI outlines the program requitements for projects seeking funding as follows:

“The Department is interested in funding multiple demonstiations of CCS technology at a
commercial scale of at least 300 gross MW per unit plant power train, per demonstiation. .
Approximately 90 percent CO; capture and sequestration for the integrated power train will be
required. During the demonstration period (see below), at least one million metric tons of CO;
pet year must be stored in a saline storage formation; COa in excess of one million metric tons
may be used for enhanced oil 1tecovery, enhanced gas recovery, or other uses that result in
permanent storage of CO»”

Background on Powerspan’s CO; Capture Development and Plans for a
2012 Commercial Demonstration of One Million Tons CO:; Captured per Year

Powerspan Cotp, based in New [Hampshire, has been focused on developing and
commercializing clean coal technology since its inception in 1994. Powerspan’s most significant
clean coal technology success to date has been the development and commercialization of its
patented Electro-Catalytic Oxidation (ECO®) technology, which is an advanced multi-poliutant
control technology to reduce emissions of sulfur dioxide (SO), nitrogen oxides (NOx), mercury
(Hg), and fine particulate matter (PMz;) in a single system.

Powerspan has been developing a cost-effective CO, capture process, called ECO,™, since 2004
in conjunction with U.S. DOE National Energy Technology Laboratory (NEIL) under a
coopetative research and development agreement (CRADA) Both DOE-NETL and Powerspan
have research teams assigned to conduct bench-scale testing of the ECO; process. Initial
laboratory testing conducted by Powerspan of the CO; absorption process demonstrated 90
percent CO; removal under conditions comparable to a commercial-scale absorber. In
December 2007, Powerspan announced it had exclusively licensed a patent from the DOE. The
patent granted to the DOE represents the only patent issued in the U 5. to date covering a
regenerative process for CO» capture with an ammonia-based solution.

Technology Description

The ECO;™ process can be applied to both existing and new coal-fueled power plants. The
process is being designed as an add-on system that could be deployed when needed and is
particulaily advantageous for sites where ammonia-based scrubbing of powet plant emissions,
such as Powerspan’s ECO multi-pollutant control technology, is employed.

ECO» is a scrubbing process that uses an ammonia-based (not amine) solution to capture CO,
from the flue gas. The COs capture takes place after the NOx, SO2, mercury and fine particulate
matter captute in Powerspan’s ECO technology or other ai1 pollution control system. Once CO;
is captuied, the resulting solution is regenerated to release CO; and ammonia. The ammonia is
recoveted and 1eturned to the scrubbing process, and the CO; is processed into a form that is
sequestration ready Ammonia is not consumed in the sctubbing process, and no separate by-
product is created.

ECO, Pilot Program
Pilot scale testing of the ECO; technology is scheduled to begin in 2008 at FirstEnergy Coip.’s

R E Butger Plant in Shadyside, Chio. The ECO; pilot will process a I-MW slipstream drawn
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from the outlet of the 50-MW Burger Plant ECO unit and will be designed to capture 90% of the
incoming CO: (approximately 20 tons per day)

The ECO; pilot will demonstiate CO; capture through integration with the ECO multi-pollutant
control process. Operation of the pilot will confirm process performance and energy
requirements. The pilot program will also provide the basis for cost estimates while preparing
the technology for the 125-MW commercial scale carbon capture and sequestration (CCS)
demonstration project planned with NRG Energy at the WA Parish plant.

ECQO, Commercial Demonstiation Planned for 2012

In November 2007, NRG Eneigy, Inc. and Powerspan announced theit memorandum of
understanding to commercially demonstrate the ECO; process at NRG's WA Parish plant near
Sugat Land, Texas. The 125-MW equivalent CCS demonsttation will be designed to capture
and sequester about one million tons of CO; annually. The ECO; demonstiation facility will be
designed to capture 90% of incoming CO; and is expected to be operational in 2012. The
captured CO; is expected to be used in enhanced oil 1ecovery operations in the Houston area
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Indiana Center for Coal Technology Research

Located in The Energy Center at Discovery Park, Purdue University

To: Keith.Miles@NETL.DOE.GOV

From: Marty ltwin, Director, Center for Coal Technology Research, and Office of Energy and Defenses Affairs, State of
Indiana

Subject: “COMMENTS ON REVISED FUTUREGEN.”

The State of Indiana sttongly supports the DOE efforts to refocus FutureGen to invest only in the capture and store
components of proposed projects. Otherwise the proposed projects should be commercially viable. We believe that
this opens the doot to a variety of alternatives that otherwise would remain unexplored

Indiana is aggressively pursuing a family of clean coal options as part of its energy strategy. We have supported a
series of analyses assessing the suitability of Indiana as a home for a variety of coal gasification-based industries,
not just power generation All of the options we have reviewed, in fact, produce a great deal of power. We have
explored the gasification suitability of Indiana coals, our transportation and support infrastructure, and identification
of the highest opportunity sequestration opportunities, among many othes.

We already host one of the major successful gasification projects -- the Wabash River coal gasification facility.
Through the Indiana Center for Coal Technology Research, we have provided funding for the SAIC Coal to Liquids
feasibility study. Moreover, with the full support of the Governor’s office, the Indiana Department of
Envitonmental Management 1ecently approved the permits for a 650MW IGCC power plant in Edwardsport,
Indiana (explicitly designed as sequestiation ready), and we are considering other gasification proposals.

With the potential of bringing multiple IGCC operations on-line, the state has entered into discussions with industry
and government stakeholders about the potential for developing joint approaches to building sequestiation
infrastructure. Indeed, before DOE restructured FutureGen, we had agreed to collaborate with Illinois on their

project.

The Governor supports and encourages each of the Indiana-based industry teams working on coal gasification
projects to submit comments on the DOE RFI. Moreover, the State is committed to supporting industry responses
to the RFI once issued, and will wotk with any projects that might be selected to participate in the FutureGen

program.

Sincerely,
earty Sruin
Marty [rwin

Director, Indiana Center for Coal Technology Research
Energy Center, Purdue University

Potter Engineering Center, Suite 270 = Purdue University ©- 500 Central Drive ¢.  West Lafayeite, IN 47907-2022
(765)494-7414 = Fax(765)494-2351 : Email: cer@ecn purdue edu



RAILROAD COMMISSION OF TEXAS
PO. Box 12967
Austin, Texas 787112967
512/463 7144
FAX 512/936-195C
michael williams@rre state.tx us

MICHAEL 1.. WILLTAMS
CHAIRMAN

Febiary 27, 2008

Mr Keith R Miles

Department of Energy

National Technology Energy Laboratory
626 Cochrans Mill Road

PO Box 10940

Pittsburgh, PA  15236-0940

Re: Comments on Restructured FutureGen REI

Dear Mr Miles:

On behalf of the State of Texas, [ am pleased to provide comments on the Department of
Enetgy’s festructured plan for FutureGen  As the original FutureGen selection process has
already demonstrated, Texas is an ideal location for these types of projects, and we encourage
DOE to work with Texas-based companies submitting propasals

Pleage allow me to emphasize three key points:

| The State of Texas has been a strong proponent of FutureGen since it was announced in
2003 We continue to support DOE’s restiuctured plan for FutureGen, which we beligve
will engble us to commercialize a variety of effective methods for mitigating carbon
emissions through capture and sequestration and carbon minimization. In addition to
gasification, we believe the restructured program should allow other advanced coal
technology systems to be eligible

2 In keeping in the spirit of the restructured plan, the State of Texas recommends yowr
final REP be a flexible one that establishes an objective and allows the matketplace to
offer a variety of ways to get there IGCGC may only be one method to suceessfully
capture CO, Other advanced technologies should be eligible and these may also be
applicable for Ietroﬁttmg ex1stmg coal-fueled generating plants, and these plants should
be eligible if they can meet a 50 peicent, cabon-capture standard, which would be
roughly equivalent to the performance of a natural gas-fueled generator




3 Texas is ideally suited for these projects We have the geology, the CO; pipeline
infrastructure, and the public and political support to make this project a success In my
capacity as chairman of the Railioad Commission of Texas, I will continue to encourage

Texas companies to submit proposals

The revised DOE model for FutureGen closely resembles what we envision for clean coal
projects in Texas. By investing in many different projects at once, DOE will be speeding up
the full-scale rollout of these technologies In some cases we might even be able to eliminate
the gap between the research phase and commercial production altogether

This important effort is best served if the process is open to all methods of carbon capture
Gasification may only be one way this country ultimately addresses carbon capture  We also
ask DOE 1emains cognizant of the value of lower rank coals, such as lignite, as feedstocks that
qualify for these projects Texas is currently the fifth-largest coal producer in the nation with a
majority of production in lignite We believe this is a valuable, if underappreciated, energy
SQUIce

As you know, Texas Governor Rick Perry submitted two strong finalists for the FutureGen
project last year As chaiiman of the state's FutureGen Advisory Board and the Clean Coal
Technology Council of Texas, [ can assure you those submissions were made possible by a
strong coalition of industry, academia and elected officials stretching fiom Jocal levels to the
state legislature

Ultimately, nine regional Councils of Government {(COGs) in Texas submitied complete
proposals for the project  These proposals included the necessary economic, geologic, and
community data DOE required. I should also note at least twice that many COGs showed
initial interest, yet did not submit formal proposals

The fact that so many different groups across this state showed interest in FutureGen speaks
volumes about the suppori Texas has for clean coal demonstration projects in this state In
addition to the strong community support Iexas has for FutureGen and FutureGen-like
projects, we have the land, the infrastructure, and the know-how few other states can offer We
look forward to utilizing all of Texas’ assets to theit fullest potential

You may already know Texas and our Gulf Coast region have the largest saline aquifer storage
capacity of any state This has been demonstrated by the successful DOE-University of Texas
Frio Brine carbon capture research project currently under way under the direction of the UT
Bureau of Economic Geology

In addition, the diaft RFI clearly points to another Texas strength when it states:

“CQOy in excess of one million metric fons may be used for enhanced oil recovery, enhanced gas
recovery, or other uses that result in permanent storage of CO;

Texas is the worldwide leader in enhanced oil 1ecovery In fact, EOR in the state’s Permian
Basin accounts for the majotity of the oil rtecoveied in Iexas We have an extensive pipeline
network designed for the ttansport of CO; that would be perfect for both EOR and long-term
sequestiation



Texas has also passed important pieces of legistation tailored specifically for FutureGen and
FutureGen-like projects in Texas House Bill 2201, passed in 2005, gives the state ownership
of CO; sequestered by FutureGen House Bill 3732, which became law this year, creates
“time-certain” peunitting for clean energy projects Ihese permitting limits help ensure new
projects go online, on-budget, and in a timely manner The same bill offers up to $30 million
in grants, as well as tax incentives for electiicity generated by clean energy projects and man-
made CO; used for EOR. Combined with financial assistance from DOE, Texas has positioned
itself as the ideal incubator for these technologies to develop and flourish

Under the restructured program, the State of Texas is committed to offer public outreach and
suppott to any Texas FutureGen project selected by DOE In addition, we will bring out
legislative and state regulatory resources to bear in support of any Texas project selected

On behalf of all of us who worked so hard to make FutereGen a reality - and I am including
our colleagues in Hlinois -- I urge DOE to stay committed to this restructured FututeGen plan
The project 1emains vitally important to this pation

Please don't hesitate to call if my office can be of further assistance




Raven Energy, an lllinois Coal-to-SNG Project
Raven Deeps, an llinois CO2 Saline Sequestration Project

Primary Contact:  J Matthew Fifield, Managing Director, Raven Energy, LLC
3801 PGA Bivd, Suite 903, Palm Beach Gardens, Florida 33480 / 561-626-4999 (tel) /

matt@clineres.com

1.0 Project Summary

The Cline Group (“Cline"}. one of the largest owners of coal reserves in the lllinois Basin
and an active participant in the coal mining sector, is currently developing the Raven
Energy Project [“Raven Energy”). a coal-fo-SNG (Substitute Natural Gas) plant in linois.
Expected to come on-line in 2012, Raven Energy will gasify approximately

tons of coal produced in the Cline’s lllinois mines, and is expected fo
produce approximately cubic feet per day (mmctd) of SNG, or

cubic feet (bcf) per year of SNG at full production — encugh SNG to

generate approximately 650 MW of electricity when that fuelis used in NGCC power
plants across the nation. Utilizing the most advanced commercially-proven and
available technology, Raven Energy is designed to be permitted, constructed and
operated as a synthetic minor source (less than 100 tons per year of regulated

pollutants including NOx, SOx, CO and PM10)

To address the uncertain future of carbon legislation and the potential impact that o
new reguiatory regime might have on its Raven Energy project, Cline has performed
initial feasibility work and has commissioned a detailed engineering study to determine
the potential to sequester CO2 in saline aquifer reservoirs co-located with its property
rights. Dubbed "Raven Deeps,” this early work performed by Cline has identified
significant potential to sequester CO2. Through its participation in the Midwestern
Geologic Sequestration Consortium {"MGSC”) and interaction with various lllinois
stakeholders and regulators, Cline is monitoring the current studies being funded by U.S
Department of Energy (“DOE") grants. Cline submits fhese comments on the DOE’s
present Request for Information {“RFI") because i intends to seek DOE funding for the
Raven Deeps CO2 sequesiration project. In the absence of DOE funding of the Raven
Deeps project, Cline will continue to tfrack legislative and legat developments, but
would only initiate the Raven Deeps project if/when significant economic incentives
emerged and these incentives were coupled with regulafory cerfainty regarding the
sequestration of CO2

The Raven Energy Project is currently co-docated with Cline's Wiliamson Energy mine in
Franklin County, illinois. Cline currently controls or has access o surface property,
water, utility and pipeline interconnects, rail franspori, and long-ferm coal supply
adequate for the successful development of the Raven Energy project at Wiliamson
Energy. Moreover, Cline has initiated permiiting activities at this site.




If DOE offered sufficient support to mitigate the cost to Raven for advancing its CO2
sequestration program, Cline would move the Raven Energy project to the Raven
Deeps project area, where Cline controls approximaiely tons of coal
reserves and additional real property and mineral estates. Cline is already in advanced
development of a mine in the Raven Deeps area. Locating the Raven Energy project
at Raven Deeps would mitigaie the cost of CO2 compression and transportation for all
involved. Cline anticipates working with the DOE and the State of llinois fo facilitate the

relocation of Raven Energy

Raven Deeps offers the potential to validate commercial sequestration info multiple
saline aquifers (Mt. Simon and St. Peter Sandstones) that are excellent COZ2 sinks,
offering the reservoir properties needed to store and confine CO2. Preliminary
engineering calculations indicate that the Raven Deeps project has the capacity to
sequester more than two bilion tons of CO2 in the area over which Cline has property
rights in ceniral llinois  The Raven Energy project will produce approximately

tons per year of 99% pure CO2 suitable for sequestration. With
appropriate support from DOE and the State of lilinois, Cline would fasi-track the
development of the Raven Deeps project with the expectation to begin commercial
CCS operafions in 2012-2013. Significant fechnical work that has been completed oris
currently underway will enable this partnership fo beat the proposed DOE fimetable.
Selection of this project site will allow efficient technology fransfer and permitting know-

now from the MGSC/DOE co-sponsored Decatur, lllinois saline sequesiration pilot
project.

1.1 Summary Comments on DOE RFl

Cline recognizes that the DOE's RFl expliciily solicits proposals demonstrating carbon
capture and storage {“CCS") coupled with infegrated gasificaiion combined cycle
("IGCC"} power generation This is a narrow path upon which to support the
development of commercial-scale CCS projects.

The SNG-CCS model proposed, with the product SNG utilized for natural gas combined
cycle (NGCC) power generation, breaks down an IGCC-CCS project info two separate
components that can be performed at two distinct locations. This de-linking of SNG
production/carbon sequestration from power generation offers several advantages.

The principal advantage is one of location. In llinois and across the nation, less-
developed rural areas {often near coal mines or oil fields) are the most suitable sites for
CO2 sequesiration. These optimal sequesiration areas are far from urban centers
where demands for power are highest. Placing IGCC power plants in rural areas best-
suited for CO2 sequestration requires most of the power generated in such locations o



be transmitted for consumption in more populous regions. This necessarily involves
significant transmission losses Locating an IGCC-CCS facility near more urban areas
would reduce power transmission losses, but would drive up the costs of (1) transporting
coal to the plant, and (2) sequestering CO2, which would be pressurized (operational
cost) and piped (infrastruciure cost) to appropriate sequesiration locations.

In contrast, the SNG-CSS model allows carbon sequestration and coal-to-SNG
conversion near both the carbon storage site and the coal source, with only the
transport of SNG product to NGCC plants near urban areas. This enhanced flexibility to
site the distinct production processes at optimal locations allows SNG-CCS to drive
down total costs {and drive up project returmns} when compared to IGCC-CCS. SNG-
CCS is a more durable and robust model than IGCC-CCS, and therefore more likely 1o
receive support from the private sector.

SNG-CCS offers other advantages when compared to IGCC-CCS. First, the
construction and funding of this business model requires no explicit approvals from
public utility commissions and has no measurable impact on raje-payers due to the
rate-basing of such a large capital project. This speeds the development cycle,
resulting in a quicker-to-market project than would e available in the power sector, in
turn leading to earlier demonstration of commercial-scale CCS. The Raven Energy
Project discussed above is slated to be operational in 2012, with CO2 sequestration (if
funded) on line that same year. Second, the purity of feedstock required by the SNG
process necessitates such a reduction in sulfur that the resuiting CO2 is of high encugh
purity to sequester without additional cleanup. For most IGCC process designs,
additional gas cleanup (and therefore additionai capital outlays) would oe required to
produce CO2 of sequesiration-ready purity. The difference between “capture-ready”
and “capture-capable” is an important distinction to make  Third, in addition to
expediting the achievement of critical environmental goals, a CCS-SNG project will
strengthen the nation’s energy security by reducing the need to imported liguefied
natural gas.

SNG production coupled with CCS is the first step in mitigating emissions of regulated
pollutants and greenhouse gasses. This technology is both commercial and executable
in today's environment. By in effect making coal as clean-burning as natural gas,
significant reductions in NOx, SOx and mercury emissions are achieved. Likewise, the
carbon footprint of coal (the heaviest carbon fuel), is reduced to that of natural gas
(the lightest carbon fuel) While hydrogen plants and capture of post-combustion CO2
are technologies in various states of readiness, the DOE is seeking fo achieve ifs core
goals and encourage the private sector fo deploy of the next wave of technology that
reduces our nation’s emissions. Supporting actionable projects that can be financed in
today's environment, such as the Raven Energy / Raven Deeps projects described
herein, would be the guickest route to implementing the DOE's godls



In short, Cline encourages the DOE fo consider alternative fechnology combinatfions
that maintain the core principles expressed in the RFt of coupling CCS with the next
generation of gasification technology. Below is additional information on the Raven
Energy and Raven Deeps projects, including the applicability of these projects to the
goals stated by the DOE in its RFI, the anticipated involvement from the DOE to fast-
track the development of Raven Deeps, and a preliminary discussion of regulatory and
legal issues that present obstacles for privaie enterprises like Cline in developing a saline
aquifer sequestration project. The Cline Group appreciates the ability to comment at
this early stage and looks forward to discussing its projects in more detail in the coming

months.



2.0 Sponsor Background information

The Raven Energy Project is a development-stage Hiinois coal-to-SNG project. The
Raven Deeps Project is a separate but associated saline sequesiration project. These
projects are being sponscred by Raven Energy, LLC (“Raven"), a wholly owned
subsidiary of The Cline Group (“Cline”) Cline is a private naturdi resource company
with over 35 years of operations and project development experience in the codl
mining sector  With over three billion tons of controlled reserves, today Cline is one of
the largest coal reserve owners in llinois  In addition fo its existing active mines in
southern llinois and West Virginia, Cline is developing numerous new coal mining
operations in lllinois to address the nation’s growing need for solid fuets. Table 1
summarizes the physical assets and recent activities of the Cline Group:

Table 1 - Cline Group General Activity Summary

[ ]

3.0 Raven Energy Project Description :

The Raven Energy project will gasify approximately tons per year of
coal produced from Cline’s liiinois mines and produce approximately of SNG
per year, or enough SNG to generate 650 MW of electricity. Pipeline-quality gas from
Raven will enter the interstate pipeling system, infrastructure from which generators and
industrial users across the nation currently source their fuel. Raven will utilize best-in-
class, commercially available and proven technologies from reputable technology
licensors The preliminary process flow diagram developed by engineering firm SNC-
Lavalin is shown below. Raven will meet all of the standards to comply with a synthetic
minor air permit, producing less than 100 tons per year of currently regulated pollutants,
including NOx, SOx, CO and PM10. Carbon dioxide produced by the plant emerges
from the Acid Gas Removal section at 99% purily and is suitable for sequestration.
Under today's regulatory regime-—under which CO2 is not considered d pollutant—
Raven will process the CO2 stream to 99.99% purity for venfing. Additional technical
information on Raven Energy can be made available to the Department of Energy on
a confidential basis as needed.

Figure 1 - Raven Energy Preliminary Process Flow Diagram

[ ]

4.0 Raven Deeps Project Overview




Raven Deeps is a separate but associated project that grew from the need fo deal with
the impact of regulatory uncertainty on the Raven Energy project. Leveraging
information gained through its participation in the MGSC, Cline personne! evaluated
the potential to sequester carbon in saline aquifers, organic shale, deep coal seams,
and oil fields adjacent to its mineral interests. Cline's analysis showed thai saline
aquifers presented the most mature and currently-feasible method of developing
commercial-scale CCS

Today, Cline has undertaken significant work identifying and quantifying the potential
to sequester CO2 in the saline-filed $t. Peter and Mt. Simon Sandstones in central lllinos,
where Cline owns property rights on over acres. These geologic units are
two of the most widespread saline reservoirs in the lllinois Basin. Over the Raven Deeps
project area, both units exhibit excellent thickness, reservoir properties, and vertical
seals, making them ideal CO2 sequestration targets Preliminary calcutations based on
present subsurface and reservoir studies suggest that the Cline acreage could store in
excess of tons of CO2 in the St Peter and Mt. Simon Sandstones

Considering operational risk, both the St. Peter and Mt Simon units are routinely utitized
as gas storage reservoirs throughout northern and central lllincis due to exceptional
reservoir porosity and permeability  These characteristics allow the injection and
stforage of gas in both units with confirmation of effective vertical seals. The overlying
Eau Claire and Davis Shales effectively seal the Mt. Simon, while the Maquoketa and

New Albany Shale cap the St. Peter.

In addition to these natural benefits the Raven Deeps area, there is minimal oil and gas
production and activity in the area  This would allow deep saline sequestration on a
relatively unimpeded basis from an operationai perspective. Rarely would it be
necessary to coordinate drilling through a producing oil or gas reservoir in the project
area Cline would anticipate utilizing both of the above-described saline reservoirs for
the Raven Deeps project to reduce the footprint and capital requirements of the
sequestration project.

4.1 Raven Deeps Work to Date

Cline has initiated geologic and engineering studies which confirm the validity of saline
sequesiration in the Raven Deeps farget area The geologic parameters necessary for
sequestering and confining CO2 in the St Peter and Mt Simon Sandstones have been
verified by extensive subsurface work performed by Cline personnel and by a
proprietary geologic study and mapping project completed by Marshall Miller &
Associates (MMA) for Cline. MMA is an active pariner and investigator in the SECARB
regional carbon sequesiration partnership




Currently, Schlumberger Data and Consulting Services is preparing a detadiled reservoir
engineering analysis over these Centrat lllincis holdings. Schlumberger is heavily
involved in CCS, including an investigative role in the DOE-sponscred Decatur, IL deep
saline sequestration pilot project. The Schlumberger reservoir simulation will predict the
lateral migration of the CO2 plume in both the St. Peter and Mt. Simon Sandstones
based on the planned injection rates and reservoir volumes to be occupied by CO2.
This Schlumberger study will also consider injection and monitoring well paiterns, related
pipelines and facilities, and operating parameters of the sequestration project. Cline
plans to use the results of this analysis to provide a technical basis for cost estimation
and operational parameters for a DOE-sponsored CCS brojec’r.

Additionally, Cline's membership in the Midwestern Geological Sequesiration
Consortium [MGSC) and active mining concerns facilitate a relationship with the lliinois
State Geological Survey personnel. This relationship has afforded Cline valuable
feedback and information on statewide saline sequestration investigations, including
the Decatur, IL deep saline sequestration pilot project in the Mt. Simon Sandstone.

4.2 Raven Deeps Project Activities Included Under DOE Partnership

The following is a general list of CCS project activities that Cline proposes be completed
and funded (or reimbursed) through a saline sequestration partnership with DOE:

e Geologic, hydrogeologic, geochemical, reservoir, and other engineering studies
necessary to confirm the suitability of the reservoirs for sequesiration and simulate
or model the operation and performance of the project

« Land, legal, personnel costs associated with securing and confirming
sequestration rights -

s Costs associated with the saline sequestration permitting process

« Permitting, acquisition, processing, and inferpretation of 2D & 3D seismic dafa to
further characterize the St. Peter and Mt. Simon reservoirs, confirm vertical seal
stability, and predict CO2 migration pathways via geoclogic structure

e Driling of test wells, and affiiated data collection or test injection/monitoring, as
required in the reservoir characterization and permitting processes

e Project scale diiling and infrasiruciure
o Injection wells & surface equipment
o Monitoring or measurement wells & surface equipment
o Compression and related facilities
o Flowlines, gathering, processing, and related surface facilities



o Operating costs for all wells, gathering, compression, and processing facilities

« Capital, installation, and ongoing costs associated with an appropriate or
mandated Measurement, Monitoring and Verification (MMV] program, which
may include all or portions of the following for baseline, active, or post-injection
CO2 confinement assessment:

o Shallow earth geophysical methods

Geochemicadl, soil , groundwater, and surface CO2 monitoring

Ongoing well logging/testing for borehole stability confirmation

4D seismic and vertical seismic profile to track plume migration

Construction and implementation associated with a mitigation plan

O 0 O ©

5.0 Project Development Timetable

The current uncertainty over carbon legislation has paralyzed the permitiing of coal-
fired generation, which in turn will drive up natural gas development to meet load
demand. Cline is fast-fracking the Raven Energy project to come on line in 2012 to
meet the additional demand for natural gas. Cline has completed substantial feasibility
and pre-FEED work. Raven is finalizing its fechnology licenses with best-in-class licensors
and continuing its work on site development. Cline has fully funded the development
budget for Front-End Engineering Design (“FEED”), and Raven expects to kick off its
FEED process the first half of 2008. Raven anticipates beginning construction in 2009
shortly after completion of the FEED study and ancillary site work. Additional
information on the Raven Energy development process and schedule can be made
avdilable to the Department of Energy on a confidential basis as needed.

The timeline below shows the summary project development fimeline for both the
Raven Energy Project and the Raven Deeps Project. Reservoir characterization,
reservoir engineering, and leasshold activity that Cline is performing prior to and
concurrent with the DOE RFI, FOA, and final project award process are included in the
timeline below:

Figure 2 - Preliminary Project Development Timeline

[ ]

¢ Key dates of major CCS project components

o DOE/Cline partnership finalized Qir1 2009
o Diili test well(s} Qtr 4 2009
o Permit Awarded : Qir4 2010

o Full scale drilling/infrastructure Qtr 32011
o Injection/sequestration Qtfr4 2012



+ MMV activity includes baseline, active, and post injection tasks, and will confinue
to some point in time past the stated 2020 project termination; CO2 injection and
active sequestration may continue past 2020

5.0 Identified Regulatory Issues

Below is a non-exhaustive table of regulatory and legal issues for which solutions must
be found to further the Raven Deeps sequestration project:

Category: Issue: Comment:
Siting Sequestration rights Define which party or entity holds the right
to sequester in safine aquifers (non-ECR)
T T Condemnadtion of  Enable condemnation of sequestration o
sequestration rights rights for fair value o speed project
development
S Unitization / Forced  Enable forced pooling of sequestration
Pooling interests to ensure against potential liability
of mineral trespass (with lateral migration)
- " interference with  Provide fgrwdispu’re resolution / supremacy
existing rights of CO2 injection and monitoring activities
with pre-existing property rights
T surface Fiéh’rs "~ Establish guideiines for use of surface B
during injecticn and monitoring / rights of
entry
Permitting Permit work definition  Provide adequate, cost-effective
permitting requirements
Bondlng " Establish bonding 'éi}'i'deliné“s"%"r"COQ
injector
MMV fimeframe Establish definition of suitable timeframe
definition for MMV
o Transfer/Sale Establish Bermi’r review guideline if fransfer
prior to closure
) Closure ~ Establish proceduhre for fermination of
injection campaign
RagGaReTT T Estabish procedurs for P
following closure
Emergency venting Establish procedure for eme?gency
venting
Ownership & Ownership of CO2 State or Federal ownership post-closure
Liabiity

Liability

Licbility shield during injection phase, pos’r:m
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This response includes data that shall not be disclosed outside the Government and shall
not be duplicated, used, or disclosed-in whole o1 in part — for any purpose other than to
evaluate this response. If however, a contract is awarded to this proposer as a result of, or
in connection with, the submission of this data, the Government shall have the right to
duplicate, use, o1 disclose the data to the extent provided in the resulting contract. This
restriction does not limit the Government’s right to use information contained in this data
if it is obtained from another source without restriction.



Introduction

SAIC would like to commend the Department of Energy on its intent to 1estructure the
FutureGen project to ensure it more closely reflects the needs of our Nation
Demonstration of advanced technology which utilizes coal, our most abundant natural
1esource, while also considering the mitigation of CO; is extremely important to not only
our quality of life, but also to our future.

Heightened concerns regarding greenhouse gas emissions have promoted interest in the
concept of carbon capture and stotage As a result, several states have imposed
restrictions requiring all new coal-fired power plants be built with the capability to
capture and store the resultant CO, emissions. However, requiring projects to just have
the capability to capture and store CO; is far different from actually requiring the project
to capture and store CO; ------ and still be economically viable. Placing R&D emphasis
on actual CO, mitigation in real, commertcially viable IGCC plants and other large CO;
emitting facilities based on clean coal technologies is sound policy and, if successful, will
indeed accelerate public acceptance of coal as a viable solution to our domestic energy
dilemma and could well reduce our dependence on foreign oil.

SAIC is very interested in participating in the revised FutureGen initiative regarding
carbon capture and storage as described in the RFI. However, in light of the rapid
expansion of clean coal technologies based on gasification, we would like to suggest
DOE consider expanding the initiative to include:

» Clean coal technologies with large CO; output In addition to IGCC based
electric power, FutureGen should consider applications based on IGCC that
include IGCC/liquid fuels, IGCC/hydrogen, and IGCC to industrial chemicals
CO; sequestration R&D in these areas will be applicable to a whole family of
CO; generating technologies

» Early stage innovative technology R&D targeted at reducing CO, per BTU of
energy output to reduce the gross requitement for sequestration.

SAIC Activities in Indiana

Currently, SAIC is preparing a feasibility study for the Indiana State Government for a
minimum-sized, commercially viable Coal Gasification/Liquid Fuels facility to be
located at a site with good sequestration geology in southwestern Indiana. The facility, as
designed, will exceed all existing environmental requirements. Rather than merely
capturing a token percentage of CO, or providing the capability to capture and store CO;,
this facility will capture greater than 90% of the CO, Of particular relevance to this
RFI, the reference design has the equipment “designed-in” to support multiple CO; off-
takes for commercial use, R&D or demonstration projects. SAIC is working closely with
the research community to include the capability for this facility to serve as a highly
flexible clean-coal technology platform able to support 1esearch and development, as well
as prototype and commercial demonstiations.



The facility will have an initial capacity to consume up to 3000 tons/day of Indiana coal
and produce 5,000 to 6000 bbl/day of liquids for conversion into ultra clean diesel,
ketrosene and related fuels. Other commetcially marketable byproducts include sulfur,
mercury and slag

Of significance is the net export of at least 25MW of continuous electric powet, which
would be utilized by the Crane Naval Warfare Center to make it electric energy
independent in the event of an emergency. Based on the Defense Science Board (DSB)
Task Force report regarding the troubling findings from the North American Reliability
Corporation (NERC) on the state of grid reliability, this could represent a very feasible
solution. Construction of a network of smaller facilities providing energy to military
bases actoss the country would ensure enetgy independence should the national grid go
down fot any 1eason, including a terrorist attack.

Strong State of Indiana Support

The State of Indiana is aggressively pursuing a family of clean coal options as part of its
energy strategy. It has supported a series of analyses assessing the suitability of Indiana
as a home for a variety of coal gasification-based industries Among many others, the
state has funded an assessment of sequestration geologies and options. Not only is
Indiana home to the Wabash River coal gasification facility, but the Indiana Department
of Environmental Management 1ecently approved the permits for a 650MW IGCC
powetplant in Edwardsport, Indiana (explicitly designed as sequestration ready), and is
considering other gasification proposals. With the potential of bringing multiple IGCC
operations on-line, the State has engaged in discussions with key stakeholders about the
potential for joint approaches to developing sequestiation infrastructure. The State
supports and encourages each of these teams to provide comments on the DOE RFI, and
is committed to supporting responses to the RFI once issued — either individually or
jointly. The State has provided funding for the SAIC Coal to Liquids feasibility study and
is committed to facilitate development of a commercially viable coal to liquids plant that
provides grid independence for the Navy’s engineering center at Crane Indiana and that
could be replicated nationally to reduce DoD) energy dependence with reduced CO;

emissions.

Innovative Technologies

Clean Coal Technologies, Inc (CCTI) is an US company working with China. With
hopes of improving their pollution by 1educing air emissions, China is building the first
of what it hopes are many, new power plants using this new CCTI technology Test cases
of the reduction of airborne pollutants and contaminants are dramatic ---- up to 90%

What makes the CCTI patented technology so innovative is its emphasis on pre-cleaning
and treatment of the coal prior to it being buined. Its benefits are far superior to
traditional scrubbers because it removes volatile matter and other polluting agents from




the raw coal without damaging the coal’s basic structure, and costs 60-70% less This
pre-treatment process makes the coal 10-50 percent more thermally efficient. Any
percentage improvement in the thermal efficiency of coal would be significant, with an
end result of less coal being burned and thus ensuring a longer life for the natural
resource. Less coal being burned would result in reduced CO; and other pollutant
missions being released into the atmosphere.

Most coal upgrading processes utilize heat and pressure to remove moisture and volatile
matter from coal. However, these processes create an unstable coal product that is prone
to moisture absorption, size degradation, and spontaneous combustion. CCTI’s process
uses a different approach -- a multi-stage heating process that gradually heats the coal
under controlled residence times and atmospheric conditions to ptoduce a stable product
with an increased calorific content. The mix of gasses in each zone is proprietary to the
process and ensures that volatile matters are removed from the coal in an inert
environment that prevents the coal from self combusting to produce a clean coal fuel

1T his 1s a unique and distinguishing aspect of this process over competitor processes

This technology could be integrated into the SAIC flexible clean-coal technology
platform to support prototype and commercial demonstrations as part of this DOE
initiative

Summary

SAIC would be very interested in participating in DOE’s restructuring of the FutureGen
Project --- and we could do that in a variety of ways. The SAIC Coal Gasification/Liquid
Fuel facility couid be utilized to develop and demonstiate CO; capture and sequestration.
Additionally, the CCTI technology should be incorporated as part of the research and
development being performed at the facility. Research performed at this facility could be
critical in the revitalization of the coal industry in the US. The CCTI process is already
being taken overseas so shouldn’t our Nation perform research to determine if it is both a
cost etfective and ene1gy efficient method to produce clean energy fiom coal? This
research could revolutionize the coal industry and reduce our dependency on oil and
foreign suppliers. Excellent opportunities exist for exporting clean domestic coal
products --- with the United States becoming the leader in setting those standards
worldwide



SCHLUMBERGER COMMENTS ON FUTUREGEN RESTRUCTURING

We support the DOE’s decision to restructure FutureGen as it recognizes that IGCC and
carbon capture have matured and can be commercially offered today. The greater
CONCErNs Now are;

— Demonstrating that these plants can have storage integrated with the
plant atlarge and commercial scale.

— Fostering a commercial industry that can find, validate, construct,
operate and monitor effective storage sites.

— Progressing to a clear legal & regulatory framework for CCS.

— Addressing the public concern regarding the overall risks and safety of
geologic storage.

— Identifying an inventory of sequestration options for power plant sites
so that utilities can have firm options for geologic storage planning
throughout the country.

Coal power generation may not progress in the United States without a solution to the CO,
emission challenges. For this to occur, geologic storage of carbon must become a reality.
Plant permitting has evoived from the loosely defined requirement to be “capture-ready”,
to a requirement for having a firm, quantified and technically feasible CO, capture and
storage plan.  Currently there is greater scrutiny being placed on these plans with
pressure to ensure that technology is available tc be applied. First wave demonstration
projects must be sure to incorporate best available technology to properly assess the
current state of the full CCS solution.

Some of the technical demands will be:

— Proving operational integration between power generation and
sequestration. Both must be able to operate without increased shut
down risk so that power generation demands are met with negligible
impact. There will be a need for cross-optimization of plant output with
injection management to ensure storage operations do not impact
electric power generation.

— Demonstrating that large-scale sequestration can be applied in a
variety of geologic settings. Methodologies need to be in place to
handle site specific differences on a case by case basis. Multiple sites
will be needed.

THE CHALLENGES

1 The lack of a clear requlatory framework for sequestration that addresses
issues associated with the definition of property rights, liability, site



licensing and monitoring, ownership, compensation arrangements and
other institutional and legal considerations.

2 An absence of regulatory protocols for sequestration projects including
site selection, injection operation, and eventual transfer of custody to
authority.

3. The lack of either a regulatory constraint or a market value for CO, set by
gither price, or avoided tax.

in order for commercial entities to step forward to participate, all of these barriers need to
be addressed in the program structure. :

Funding for the program needs to be adequate to fully defray the incremental capital costs
of carbon-capture including the cost premium for technology that is compatible and ready
for carbon capture plus the incremental costs of site selection, validation, design,
construction & operations up and until such a time when a market value for storage is
established.

RECOMMENDATIONS

We recommend a phased approach with respect to storage:

Phase 1 - Storage Feasibility: With participation from utilities having planned
coal projects, preliminary regional studies are funded to identify the potential
for storage within 50 miles of plant sites. This assessment may include low cost
data acquisition such as re-entering old wells or the procurement of 2-D
seismic. The expectation is only that certain site locations could be disqualified
at this step and not that any specific site gets gualified. The estimated costs
could be ~81-$2MM per project. As part of its plans for FutureGen, funding for
this phase would serve to develop the inventory of candidate projects that
could move forward to the next phase.

Phase 2 - Storage Detailed Study: This will require acquisition of new data sets.
It is in this phase that more costly techniques for site validation get employed.
Evaluation wells get drilled with full sampling, logging & testing programs and
proper 3-D seismic gets acquired, enabling detailed modeling & capacity
estimation. Particular attention should be given to ensuring that best available
technologies are identified and procured. In order fo fully evaluate the overall
state of sequestration technology, best available components must be applied.
Caution must be taken that funding constraints don‘t force the acceptance of
older generation technology as we have seen in lesser funded programs. ~$10-
$20MM per project




Phase 3 - Validation: The final phase should be representative of an approved |

template for a site permitting process and require the presentation of a
subsurface dynamic model with uncertainty ranges, data inputs, monitoring
program & risk analysis. Qualifying sites having entered the permit process will
be gualified then for funding for detailed design & construction &
demonstration operation ~$2-$5MM per project

Timeline issues: The DOE should plan for a site selection, validation and permitting
process that might take 3 years to complete. Access to services that might be in
competition with the demands of the oil & gas industry may be a factor to consider.
Additional funds might be needed to attract the necessary technical services and

expertise required.

Recommended Changes to FutureGen Key Goals

Requirement

Comments

Recommended Changes

>1MM tons/yr CO,

Can be site dependent.

The injection quantity should
be of a volume requiring more
than one injection well and the
resulting plume should contact
the caprock at a pressure
above normal gradient but
below caprock fracture
pressure.

Saline aquifers

Largest potential CO, sink
resource

None

Detect and monitor
surface leakage

Surface leakage may occur well
after a leak could be detected in
the subsurface, if it occurs at
all.

Detection, monitoring, and
mitigation, if needed, of
subsurface leakage.

Detection, monitoring, and
mitigation of surface leakage at
artificial penetrations or faults.

John Tombati

Vice President North & South America
Schlumberger Catbon Services
16800 Gieenspoint Park Drive, Suite 16083

Houston TX 77060
Cell: 832-216-0665




REPLY BY SEQENERGY, LL.C TO DOE REQUEST FOR INFORMATION ON
PLAN TO RESTRUCTURE FUTUREGEN

CAUTION: SECTIONS B AND APPENDIX B CONTAIN “BUSINESS

CONFIDENTIAL” INFORMATION OF SEQEnergy, LLC (Marked by BOLD tvype}
WHICH REQUESTS THAT DOE PROTECT TQ THE EXTENT PERMITTED BY LAW.

A. Company Information
1. Company: SEQEnergy, LLC, a California Limited Liability Company
2. Point of Contact: Ton K. Myers, CEO/Managing Member
Phone: 415.309.4750
Address: 1770 Post Street, Box 314, San Francisco, CA 94114

Email: jmyers8@comcast.net

3. Location of Project: Undetermined at this time but SEQEnergy is in preliminary discussions

with a large U S. utility to locate project at IGCC or other power plant in Eastern or Midwestetn
U S. The SEQEnergy technology could be implemented at any of the four mentioned sites.
B. Description of Project: LONG TERM UNDERGROUND STORAGE FOR CARBON DIOXIDE

. Company SEQEnergy, LLC (“SEQ”, also formerly ‘The Sequestration Company’) is a
privately-held engineering services and LP licensing business located in San Francisco,
California.

2. Project. REDACTED

3. Status of Project Development. REDACTED

4. Technical Qualifications. The founders and principal officers are engineers deeply

experienced in utility operations, oil and gas drilling, power plant construction and
management, joined by co-founders and key advisors from business, engineering and
university communities. A brief description of the backgrounds of the two principal
engineers follows:

Wade Dickinson, Chief Scientist

*  Bechtel Corporation, 25 years, Principal Engineer, Project Manager and
Consultant
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*  Athabasca Tar Sands, nuclear, coal, oil and gas production projects

*  Project Engineer, 40MW Peachbottom Nuclear Power Plant, Philadelphia
Electric/Nuclear Power Group

*  Development and commercialization of PetroJet® Multiple Lateral System and the
25,000 ft U S Navy Horizontal Drilling System (Project 230)

*  RAND Corporation — Nuclear weapons reactors and satellite reconnaissance
projects

*  Camegie-Mellon University (Aeronautical Engineering)
* [JS Military Academy, West Point (B S Military Engineering)

®  (ak Ridge School of Reactor Technology (First US Nuclear Engineering Graduate
School Classified)

Wayne Dickinson, Chief Engineer

*  Bechtel Corporation — Aluminum reduction, nuclear power piants, gas, steam,
water projects

¢ 8 successful start-ups and 36 US patents (with Wade Dickinson)

Select Prior Achievements of Scientific and Engineering Team

Non-Drug Bovine/Porcine Growth Stimulation (UC Davis/Biopharmas)
High-temperature Gas-Cooled Nuclear Power (Bechtel)

Ultrasonic Weld Testing (NASA/U § Navy)

Ultrasonic Heart Monitoring (Stanford/UCSF/NASA)

WaterJet Drilling (U S Navy/Bechtel)

©C 00 O0O0

See Appendix A for more detailed bios of founders, management and advisors.

5 Financial Qualifications REDACTED
6. Egtimated DOE Coniribution. SEQEnergy believes that DOE funding would be appropriate

for a portion of the Alpha stage and all of the Beta stage development expenses in the

amount of approximately $30 million; however, SEQEnergy will continue to seek funds to
cover part or all of such costs itself.

7. Timing. Our current development plan anticipates that the Alpha stage would be completed
by end of 2009 and that the Beta stage would commence in early 2010. We see no reason

why DOE funding could not be coordinated to assist with either or both of our Alpha and

Beta development stages.
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C. Comments on RFIL. _
SEQEnergy recommends that DOE modify its Plan to allow at least one utility to participate using

SEQEnergy technology in its Beta development phase. This would require the following

exemptions to the proposed plan for such project:

O

O

Delete requirement that storage be in a saline formation. SEQ technology is geology-
independent.

Delete requirement for one miflion metric tons during the 1-year period. Although
SEQEnergy’s technology when fully developed will handle such volumes, we will still
be in a Beta development phase during the life of the DOE grants and may not be able to
accommodate such volumes in the Beta format Nevertheless, it is in DOE’s interest
and interest of the industry for a meaningful test of SEQEnergy’s technology to be
accomplished with meaningful volumes ASAP.

Delete the requirement for 90% capture from a 300MW power train. As above, we will
be in Beta stage and may or may not be able to acconunodate such volumes during that
period but will be able to do so in full production mode.

Because SEQEnergy’s technology can be deployed at the site of existing coal-fired
plants and such plants comprise almost all of the undesired CO; emissions, it may be
useful for DOE to permit a demo at an existing non-IGCC plant if the sponsoring utility
can effect capture similar to the IGCC plant.

Decouple the power generation and sequestration aspects so that SEQEnergy or a

contractor can assist and work with a utility to test this technology.

Page3 of'1!
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Appendix A: Resumes/Background information on key personnel

Wade Dickinson, Founder and Chief Scientist

Positions

President, Petrolphysics, Inc. (P1)

General Partnet, Petrolphysics Partners, L P. (PPLP)

Founder, Managing Member and Chief Scientist, Solid Gas Technology (SGT, LLC)

Founder, Managing Member and Chief Scientist, Sequestration Company (SEQ, LLC)
Education

Carnegie-Mellon University, Pittsburgh, PA - Aeronautical Engineering, 1944-45

U S. Military Academy, West Point, NY - B S., Military Engineering, 1945-49

Oak Ridge School of Reactor Technology, Oak Ridge, TN ~Graduate Nuclear Engineering, 1950-51

Professional
American Physical Society
Society of Petroleum Engineets

Typical Management and Technology Experience:
2005 — Present — Founder, Managing Member and Chief Scientist. SEQEnergy (SEQ). LLC.
Developing and applying proprictary technologies (patents pending) to sequester (store) Carbon Dioxide and
compressed air in underground containments embodying flexible single and double wall fail-safe barriers,
incorpotating monitoring, leak detection, repair and auditing. Principal applications include coal fired power
plants and solat power installations for long-term storage and peak shaving in both large and small scale
markets

2004 — Present- Founder, Managing Member and Chief Scientist. Solid Gas Technology (SGT).LLC.

New technologies (patents pending) to manufacture, store and distribute gaseous hydrocarbons {methane,
propane,) as solid hydrates, for pipeline upgrading and peak shaving and for homes and retailers in the U S and
Asia

1975 - Present - President, Petrolphysics, Inc,
Developed and marketed, with the assistance of Bechtel Group and US Navy, the Petro Tet® high pressure
(15,000 psi) diilling system for oil wells, in situ heavy oil recovery and confidential US Government drilling

projects.

1970 - 1995 - Research Associate Cardiology, Mt, Zion Hospital & Cancer Center, University of California, San

Francisco. and Stanford Medical School, Palo Alto.
Development and application of proprietary ultrasonic cardiology (acoustic spectrometry}. Consulting in cancer

biotechnology and genomics.

1968 - 1990 - President, Agro-physics, Inc
Developed and marketed devices to stimulate growth and weight gain in cattle and hogs, in cooperation with the

University of California, Davis

1960-1971 - President, W.W. Dickinson Corp.
Developed and marketed ultrasonic systems for nondestructive testing of pipe, NASA and U S Navy missiles and

Navy submarines. Developed ultrasonic cardiology systems “acoustic spectrometry” for astronaut and medical
application, with sponsorship by NASA Ames and in cooperation with Stanford Medical School

Paged of 1
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1954-1988 — Senior Engineer through Principal Engineer and Consuftant, Bechtel Group
Pioject Manager and Consultant for large commercial nuclear and fossil power plants, geothermal steam programs,
Stanford Linear Acceletator, a large solar frnace, and coal-fired magneto hydrodynamic power sources.
Confidential projects with US Government were often interleaved with commercial work

1957-1958 - Technical Advisor, Joint Committee on Atomic Energy. House of Representatives Armed Services

and Senate Armed Services Committees
Managed studies and assisted the Chairman (Senator Clinton Anderson) in hearings on Aircraft and Naval

Nuclear Propulsion, satellites, commercial nuclear power plants, ballistic missiles, reconnaissance and other
satellite systems.

1952-1956 — Nuclear Physicist and Consultant, RAND Corporation, Santa Monica, CA
Responsible for analysis, preliminary design, and trade off studies of reconnaissance satellite power supplies.

1949-1954 — US Air Force Officer
Assigned to USAF Aircraft Nuclear Propulsion Project and various Confidential Intelligence Projects

Academic Experience:
University of California, Berkelay

1984-2004 - Lecturer, University of California, Berkel

"Venture Design - The Start-up Company," College of Engineering, UC Betkeley

Teach and manage process of student created and managed Company Teams for entrepreneurial high technology
ventures, each semester. 165 Student Company Projects were created, Several successful companies and
approximately 700 technology company executives have resulted from the class.

Patents Issued and Pending (35+):
A large number of US and Foreign Patents and Patent Applications in field of endocrinology, animal growth

stimulation devices, seed vigor testing systems, ultrasonics, enhanced oil recovery equipment, and oil field
drilling systems Many publications and invited presentations have been made

Wavne Dickinson. Chief Engineer

Positions

Executive Vice President, Petrolphysics, Inc (PI)

General Partner, Petrolphysics Partners, LP (PPLP}

Founder, Director and Chief Engineer, Solid Gas Technology (SG1, LLC)
Founder, Managing Member and Chief Engineer, SEQEnergy LLC

Education
Carnegie-Mellon University, Pittsburgh, PA — BS Mechanical Engineering, 1953-1957

UC Berkeley Extension — Computet programming, cryogenics, ultra high vacuum

Professional
American Society of Mechanical Engineers
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Typical Management and Technology Expetience:
2005 — Present — Founder, Managing Member and Chief Engineer, SEQEnergy. (SEQ), LLC.
Developing and applying proprietary technologies (patents pending) to sequester (store) Carbon Dioxide and
compressed air in underground containments embodying flexible single and double wall fail-safe barriers,
incorporating monitoring, leak detection, repair and auditing. Principal applications include coal fired power
plants and solar power installations for long-term storage and peak shaving in both large and small scale

matkets.

2004 — Present- Founder, Managing Member and Chief Engineer, Solid Gas Technology (SGT).LLC.

New technologies (patents pending) to manufactuze, store and distribute gaseous hydrocarbons (methane,
propane,) as solid hydrates, for pipeline and process peak shaving as well as homes and retailers in U S and Asia.

1975 - Present — Executive Vice President, Petrolphysics, Inc.
Developed and marketing, with the assistance of Bechtel Group and US Navy, the Petro Jet" drilling system for

oil wells, in situ heavy oil recovery and confidential US Government drilling projects

1970 - 1995 - Research Associate Cardiology, Mt. Zion Hospital & Cancer Center, University of California, San
Francisco, and Stanford Medical School, Palo Alto.
Development and application of proptietary ultrasonic cardiology

1968 - 1990 — Executive Vice President, Agro-physics. Inc
Developed and marketed devices to stimulate non-chemical growth and weight gain in cattle and hogs, in
cooperation with the University of California, Davis. Massive non-destructive testing of corn seeds for and with

W R. Grace.

1960-1971 — Executive Vice President, W.W. Dickinson Corp.

Developed and marketed ultrasonic systems for nondestructive testing of pipe, NASA missiles and US Navy
submarines Developed ultrasonic cardiology systems “acoustic spectrometry” for astronaut and medical
application, with technical and financial sponsorship by NASA Ames and in cooperation with Stanford Medical

School, Palo Alto

1957, 1960-1964 — Engineer and Consultant, Bechtel Group
Design engineer for large U.S and Indian commercial nuclear BWR and GCR power plants, spent nuclear fuel

processing plants

1957-1959 — US Army. Corp Engineers, 1* LT Executive Office
Field Maintenance company in Heidelberg, Germany

Academic Expetience:
1984-2004 - Lecturer, Univetsity of California, Berkeley
"Venture Design - The Start-up Company,” College of Engincering, UC Betkeley
Teach and manage process of student created and managed Company Teams for enttepreneurial high technology
ventures, each semester. 165 Student Company Projects were created. Several successful companies and
approximately 700 technology company executives have resulted from the class

Patents Issued and Pending (35+):

A large mimber of U.S and Foreign Patents and Patent Applications in field of endocrinology, animal
growth stimulation devices, seed vigor testing systems, ultrasonics, enhanced oil recovery equipment, and oil

field drilling system.
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Jon Mvers, CEQ. Managing Member

o Ten years as foundet, manager, director of successful technology-centric companies

o Prior 17 years in tiading and arbitrage, sales and investment banking with major Wall Street
firms including Goldman Sachs and Donaldson Lufkin Jenrette

o BA Williams College 1975, MBA Kellogg Graduate School of Business, Northwestern
University 1980

Terry Brookshire, Chairman of the Board

o Founder and CEO of several successful financial and software firms

o Experienced entrepreneur and business leader
o Former Vice-Chairman, Pacific Stock Exchange

Key Advisors
Alexis T Bell, Ph.D, Chair, Chemical Engincering, College of Chemistry, U.C. Berkeley

A3t e alananlodiay 3 i 1 1
o Advisor in chemistry, catalysis and engineering of geological and CO2 systems

Porter Underwood, Formerly Senior Engineer, Halliburton
o Expert in geologic flacturing methods

John Mode, Formetly, Senior drilling engineer and field manager, Major Oil Companies
o Expert in drilling, design, costing and execution of complex, sub-surface facilities and

piping systems

Shan Bhatttacharya, VP, Engineering, Pacific Gas and Electric (Retired)
o Adviser in energy markets and energy engineering

David Maul, Manager, Natutal Gas Office, Enetgy Commission, State of California (Retired)
o Industry and regulatory advice and access
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Appendix B: Additional Technology and Market Discussion

CONTAINMENT TECHNOLOGY REDACTED
HYDRAULIC REDACTED
CONTAINMENT REDACTED
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COMPETITIVE ADVANTAGES OVER CONVENTIONAL SEQUESTRATION METHODS (IN
NATURAL BRINE RESERVOIRS OR OIL WELLS/FIELDS)REDACTED

Page9of {1



SET % Foundation

pision and servtce — where the fulure begins

FOIA exemption 4 is claimed for the excluded lines in the following redacted copy of
SET Foundation’s (SETF) 3/3/2008 original submission in tesponse to yout REFL
Competitive harm is highly likely in any FOTA release of SETF proprictary and/or
business sensitive information. SETF is a small, recently incorporated entity that is
positioning to license its intellectual property (IP) as a core business strategy Also a
utility patent that would formalize protection of the IP, has yet to be issued. Business/
technology concepts have been exposed in the 3/3/2008 submission that may be laken
by larger technology development entities. The blacked-out text in the redacted copy
is SETF proprictary and/or business sensitive information that must be protected

COMMENTS IN RESPONSE
10
REQUEST FOR INFORMATION (RFI) ON
THE DEPARTMENT OF ENERGY’S
PLANT TO RESTRUCTURE FUTUREGEN -

MARCH 3, 2008

NAME OF FIRM: SET Foundation
CONTACT: Irvin H. Davis, President
TELEPHONE: 301/277-7003
MAILING ADDR: PO Box 118
Hyattsville, MD 20781
EMAIL ADDR: idavis@setvision.o1g




LOCATION OF PROJECT: to be determined
NARRATIVE DESCRIPTION OF PROJECT

SETF approach to FutureGen reformulation

The SETF version for a reformulated FutureGen model would differ from the existing version in two aspects (see a
fuller description in Appendix II-b):

1)
2)

The_ Process also applies to retrofitted conventional power and eatly 1IGCC power systems

Economic Benefits of the SETF technologies

Given the replacement of the catbon sequestration under the SETF system, funds anticipated for the creation of a
nationwide grid of catbon sequestration facilities, be redirected to the retrofitting of the existing base of U.S.
conventional pe-fired power plants to enable expanded carbon capture. Captured CO2 can be sold o

Otrganizing for the project

At this point SETF is moving to organize a consortium to enable the rapid reduction of technology to practice. We
will require R&D grants from DOE to achieve the wotk of the consortium. See the attached executive summary on

the organization and ir’s technology.



SET % Foundation

vision and service — where the future begins

Evecutive Saummary
his introduces the mission, initiatives and technology licensing potential of SET' Foundation. SETF is a
nonprofit corporation for scientific research and new era economic development with 2 heavy technological ewist. We
believe the Foundation provides the missing ingredients needed for the vigorous development of subeconomic
communities, while striving to serve America broadly. These ingredients consist of effective scientific, engineering, and technical
cadres capable of creating robust technologies and derivative industrial ventures that generate significant employmentand lasting
socioeconomic fulfillment in our service community. We seck sponsors and grantgivers to achieve our purpose and initfatives.

SET Foundation and its mission

The SET Foundation, incorporated in August 2006 in New York, is a nonprofit cotporation for scientific research and
economic development. SETF is also registered to operate in Maryland. The Foundation has a seven-person board of
directors and other capable team membets who together, prbvide an ideal skills mix in the sciences, engineeting, industrial
operations, grantwtiting, and insightful business development. The board works toward the advancement of the Foundation’s
mission (See Appendix I for SETF director profiles)

Our mission is to conduct socioeconomic tesearch, dévelop innovative technologies and build viable business paradigms
towards sustainable development in subeconomic communities SETFs mission is exemplified by a program initiative for
regional development in central Alabama. As discussed more fully Jater; this initiative seeks to provide clean energy, new
industrial capacity, and badly needed jobs, through our association with sister for-profit operators who license SETF technology.

The Foundation embodies a new approach to economic development. Our vision is that innovative, robust technologies
can be tasked with entiching subeconomic communities, just as they have historically served as primemovets in the
accrual of wealth in major metropolitan centers, We believe that significant levels of productive resources can be steered
to such communities to achieve their lasting economic filfillment.

Why is SETF unique and a portal for greater service to the nation?

Much of our approach is modeled on best practices that underpinned America’s industrial evolution — the synergy of
technological innovation and vertically integrated industrial superstructures from mining to finished product distribution.
Through these proven practices, firms like Standard Oil, US Steel, and Alcoa joined the ranks of the largest corporations
in the world, more than a century ago, to achieve lasting prominence in their respective sectors and massive profits.
History has shown that such a large-scale synergistic approach can generate strong profitability and thousands of blue-
collar jobs — the very outcomes so desperately sought in the communities rargeted for assistance by SETE

The simple claim of the Foundation is that — today, we've demonstrated the capacity to organize and control robust
proprietary technologies and large-scale detivative ventures that generate massive employment fot the benefit of SETF’s
service community and the nation as 2 whole This is possible due to out unique team of inventors and scientific innovators,
insightful business developers, and proven industiial managers. To achieve SETF goal, we will partner with firms in energy
technology, power generation and mining/metalmaking, together with academic institutions and the DOE’s National Labs.

Technology and initiatives

1SET.  The acrenym stands for “Scientific, Engineering, and Technical * SETF. SET Foundation

SET % Foundation, PO Box 118 Hyausville, MD 20781 » 301/277-7003, idavis@setvision org




SET Foundation

i,

Irvin Davis, President

% SET % Foundation ‘ ’ page 4



Appendix | - SET Foundation Directors

More detailed profiles of directors and saff are available on request.




Appendix 1l-a

SET % Foundation

Innovation for socioeconomic change

- e
* SETFE Propriciary: ail rights retained, use/tisclosure of material Tor other purposes is forbidden — contact idavis@selvision org.




Appendix li-b

SET + Foundation

IGCC Carbon Oxides Management*

* SETF Propristary. all righis retained; use/tisciosure of materiaf for ather purposes is forbidden - contact idavis@setvision org




Dear Mr. Miles:

In response to the DOE’s request for public comments regarding the "Request
for Information” ("RFI”) ON THE DEPARTMENT OF ENERGY’S PLAN TO
RESTRUCTURE FUTUREGEN, Shell appreciates the opportunity to share our
thoughts on improvements that we believe will demonstrate and further develop
clean utilization of our national coal reserves and large-scale Carbon Capture and
Storage ("CCS™).

DOE Plan Should Expand to Coal Gasification Applications Beyond IGCC

We believe that the DOE's ultimate purpose in a restructured FutureGen program
is to fund muitiple projects that demonstrate the cleanest coal utilization while
also capturing and storing the carbon dioxide at commercial scale. Shell agrees
that this is needed given the national desire to improve our domestic energy
security by cleanly using our large domestic coal reserves while also capturing
and storing the carbon dioxide. However, given that the main driver is to
demonstrate clean coal usage with large-scale CCS projects, the DOE Plan should
focus on Coal/Petcoke Gasification projects (the cleanest coal utilization
technology and the most efficient for CO2 capture), but not restrict the support
only to IGCC projects.

From our Houston offices, Shell US Clean Coal Energy, Inc. is actively developing
(or providing technology to) a broad range of projects in the United States where
"Syngas” (Carbon Monoxide plus Hydrogen) is produced from coal/petcoke using
Sheli’s Coal/Petcoke gasification technology. These projects include applications
such as IGCC's, Coal to Liquids (CTL) facilities, Synthetic Natural Gas (SNG)
plants, and hydrogen/chemical plants. Each of these projects will produce
several million tons per year of CO2 and plan to capture and store their produced
CO2. These projects will enhance US Energy Security and also help the US seize
technology leadership, but these same projects may not happen without CCS
assistance.

CCS Projects Will Require More than Economic Incentive to Proceed

Shell believes the capabilities possessed by the petroleum industry (geoclogic
assessment, drilling and injection) apply directly to implementing a CCS project.
Thus we are confident that large scale CCS will happen and be successful;
however, we also recognize that the US currently lacks a clear regulatory
program to ensure CCS is done to high standards, that geologic pore space
ownership is clear, and that long-term liabilities are clear as well. We suggest
that the DOE Plan address these issues if possible alongside the economic
support.



Closing

We hope to participate when the DOE issues a competitive Funding Opportunity
Announcement (FOA) in next few months, and I hope that the FOA incorporates
the thoughts outlined in this letter. Thank you for the opportunity to comment
on this extremely important and valuable program to utilize our large domestic
coal reserves as cleanly as possible and to demonstrate large scale CCS.

Please do not hesitate to contact me at any time if would like to discuss further
this matter.

Sincerely,
Milton Hernandez
VP Clean Coal Energy, Americas

Shell US Gas & Power



Sierra Pacific Resources
Comments in Response to
DOE's Request for Information on Plan to Restructure FutureGen

Sierra Pacific Resources, parent company of Nevada Power Company and Sierra Pacific

Power Company, submits the following comments in response to DOE's invitation for expressions
of interest and comments on its proposed restructuring of the FutureGen program (the "REI").
Sierra Pacific has a strong interest in participating in FutureGen and is well advanced in its planning
for the Ely Energy Center, an ultra-supercritical coal-fired power plant that we believe could offer
some unique benefits to the reconfigured FutureGen program. Qur comments are divided into two
parts: Part I provides the project information that DOE specifically requests in the RFI. Part I1
comments on the issues raised in the RFI, including most particularly the question whether the
revised FutureGen program should allow for advanced coal technology systems other than IGCC at
locations other than the finalist sites for the prior FutureGen program

Part 1. Ely Energy Center - Project Description

Point of Contact:
David Sims, Director, Project Development
(702) 367-5860 [office]
(702) 334-5860 [cell]
Sierra Pacific Resources
6226 West Sahara Avenue
Las Vegas, Nevada, 891 5 1
dsims(@).~ievp.com

Location of Project:
EastICentral Nevada
White Pine County, Nevada
Approximately 20 miles north of Ely, Nevada (250 miles north of Las Vegas)

Narrative Description of Project:
The Ely Energy Center is a 2500-megawatt coal-fueled power plant that will be built in two
phases. The first phase (1500 MW), which itself will be constructed in two 750 MW phases, is
being developed as an Ultra-Supercritical Pulverized Coal (USCPC) project. The second phase
is intended to utilize the Integrated Gasification Combined Cycle (IGCC) technology with
Carbon Capture and Storage (CCS) once that technology has been demonstrated at elevation and
with sub-bituminous coal. The facility is designed to be the cleanest coal plant in the West in
terms of its emissions control technology. Additionally, it is being designed to consume half the
normal requirement of water by utilizing a hybrid cooling technology The facility will operate
at extremely high efficiencies, allowing the Companies to retire 300 megawatts of 50-year-old
coal facilities at the Reid Gardner Generating Station.



The project is being developed by Sierra Pacific Resources, which is headquartered in Nevada
and is an investor-owned corporation with operating subsidiaries engaged in the utility business.
The company's stock is traded on the New York Stock Exchange under the ticker symbol SRP,
The company's chief operating subsidiaries are Nevada Power Company and Sierra Pacific
Power Company, which togethet serve more than one million customers The operate as
regulated utilities under the jurisdiction of the Public Utilities Commission of Nevada.

The Ely Energy Center has been in the development stage since 2006 and is awaiting a final air
permit by the Nevada Division of Environmental Protection and an Environmental Impact
Statement (EIS) from the U.S. Department of Interior's Bureau of Land Management.

The project development has been approved by the Public Utilities Commission of Nevada, and
it has received support in writing from the White Pine County Commission, the Ely City
Council, the McGill Town Council, and the majority of local businesses, taxing authorities, the
local news media and community members Among the teasons for this project's widespread
support is that it will enable Nevada Power to decommission three older coal-fueled units in
Nevada, impiove the state's system reliability by directly connecting the northern Nevada grid
with the Southern grid for the first time, open the pathway for transmission-locked renewable
enetgy, and help Nevada be more energy independent and improve its energy diversity by
relying less on natural gas.

The company has extensive experience with pulverized coal plants at its Reid Gardner
Generating Station and its North Valmy Generating Station. It also has experience with IGCC
technology, as it helped pioneer that technology at its Pifion Pine Power Project near Reno,
Nevada.

Project Timetable:
The Ely Energy Center has completed key regulatory, community support, water resources and
other milestones. Construction is scheduled to begin in 2010 or 201 1, depending on completion
of the EIS process and issuance of a record of decision. Under conservative planning
assumptions, Ely is scheduled to commence commercial operations in 2015, DOE'S target date

for CCS projects.

Requested DOE Contribution to CCS:

' Sierra Pacific does not yet have an estimate of the cost of CCS for Ely, and thus cannot specify
a requested DOE contribution at this time. The company has begun detailed analysis of the
geologic formations in Nevada that could best support CCS in a saline aquifer as called for in
the RFI (as well as the other CCS options for Ely, such as enhanced oil recovery). Thus, it will
be able to provide cost estimates for CCS and to identify a requested DOE contribution in
response to the Funding Opportunity Announcement (FOA) that DOE expects to issue in the

next several months.

Technological, Financial or Legal Issues or Barriers:
Sietra Pacific does not believe that Ely presents any unique technological, financial or legal
issues. USCPC technology commercially proven, and the Company, as noted above, the
company has extensive experience operating pulvetized coal plants. The carbon capture aspect
of the project is, of course, the known challenge, but thete has been substantial research and



development of carbon capture as applied to pulverized coal technology, and the technology risk
associated with carbon capture and storage is at the heart of FutureGen. The distinct
programmatic advantage Ely offers DOE is that applying CCS to a USCPC plant offers the
greatest promise for accelerating the development of a retrofit technology for CCS that can be
applied to the predominant coal burning power plant technology in use in the United States and
the world For decades to come, pulverized coal technology will dominate power generation.
Expanding the scope of FutureGen to allow proof of CCS on this technology can greatly
increase the benefit of this demonstration program.

Ely presents no unusual financial or regulatory barriers, but rather offers distinct advantages that
reduce its risk profile. It is a facility that will be in a regulated rate base, and the Public Utilities
Commission of Nevada has already approved development costs for Ely It will be subject to
normal regulatory oversight during the various project stages. The Nevada Department of
Envitonmental Protection, the relevant air permitting authority, is presently considering Sierra
Pacific's air permit application, but it has publicly stated that it believes the plant's emissions
profile is probably the best in the Nation.

Other Project Benefits:
The Ely project offers two important additional benefits. First, it will be accompanied by the
addition of transmission capability that will also enable up to 500 MW of renewable energy that
currently has no transmission pathway to be delivered to customers in southern and northern
Nevada. Second, in addition to hosting the CCS demonstration, the Companies have actively
studied the integration of a solar thermal system into various points within the USCPC plant
steam cycle. In such an arrangement, a solar thermal energy system would convert water to
millions of Btu's of hot water and/or steam, and inject it at one or mote points within the plant's
cycle, reducing the amount of energy required to be generated from the burning of coal Studies
are currently underway to refine the amount of solar thetmal energy that could be generated and
how it could best be integrated into the boilers. This aspect of the project, for which the
con~paniesw ould not be seeking DOE funding, could greatly offset the energy penalty typically
thought to accompany carbon capture in USCPC plants. The Companies would be pleased to
explore incorporating this novel use of renewable energy into the project, and we are prepared
to submit a formal proposal to do so as part of our application tesponding to the FOA.

Part 11. Comments on DOE's Revised Approach to FutureGen

Sierra Pacific Resources applauds DOFE's attempts to move forward and demonstrate the
ability to capture and store carbon from coal-based power plants. We are strongly interested in
participating with the Department and, if the terms of the FOA permit, Sierra Pacific will rtespond to
the Department's FOA for a facility to demonstrate CCS at its proposed Lly Energy Center. The
plant would provide a working demonstration of CCS facilities on ultra-supercritical boilers fueled
with Powder River Basin coal. We are pleased to offer the following comments on the RFI,
comments focused on a request that DOE expand its focus in the FOA to allow multiple coal-fired
technologies from throughout the country, and most particularly in the West, where there is a great
need to establish the viability of CCS.



Technology Choice:
DOE proposes to limit FutureGen CCS projects to powet plants based on IGCC technology.
Sierra Pacific respectfully suggests that this multi-award program should make room for one or
more non-IGCC technologies. As noted above, pulverized coal (PC) technology is the
predominant coal burning technology in use today Demonstrating CCS on a PC technology
will provide the maximum programmatic benefit in that it will greatly accelerate the availability
of CCS to the plants that are already in operation and likely to continue to operate for decades to
come. Given the pace of development of PC plants that is ongoing around the world today, this

is a highly significant benefit.

Moreover, as emphasized in MIT's recently published study "The Future of Coal," it is unwise
to let a single technology be the focus of our carbon capture and sequestration research efforts at
this early stage:

It is premature to select one coal conversion technology as the preferred

route for cost-effective electricity generation combined with CCS. With present
technologies and higher quality coals, the cost of electricity generated with CCS is
cheaper for IGCC than for air or oxygen driven SCPC. For sub-bituminous coals and
lignite, the cost difference is significantly less and could even be reversed by future
technical advances. Since commercialization of clean coal technology requires advances
in R&D as well as technology demonstration, other conversion/combustion
technologies should not be ruled out today and deserve R&D support at the process
development unit (PDU) scale (MIT Studv on The Future of Coal, p 98)

Although some have suggested that IGCC offers the easiest implementation of CCS for a grassroots
or "greenfield" plant, thete are other technologies that should be included in the program

to ensure that the viability of CCS is demonstrated with a range of fuels. Today, for example,

there is no demonstrated commercial experience with IGCC using sub-bituminous Powder River
Basin (PRB) coal, even though it is one of the nation's most widely used sources of energy, and,
because of its low sulfur content, of significant benefit in the control of emissions of S021S03.
Restricting the FOA to IGCC units only would significantly diminish the likelihood of any
demonstration of CCS projects using PRB coal.

In focusing its attention on IGCC, DOE appears to be betting that IGCC-CCS is the most
costeffective

approach to achieving DOE'S stated goals However, as EPRI has explained, from a

cost standpoint, IGCC offers no clear and consistent cost advantage:

Some studies show an advantage for IGCC with CCS with bituminous coal. With

lignite coal SCPC with CCS is generally preferred. With sub-bituminous coals, SCPC

with CCS and IGCC with CCS appear to show similar costs. (Testimony of Bryan
Hannegan, Vice President-Environment, Electric Power Research Institute, before the
Science, Technology and Innovation Subcommittee of the Committee on Commerce, Science,
and Transportation, November 7, 2007 )

Thus, DOL should take care in this important program to avoid the proverbial "eggs in one
basket" approach  There are several coal-based technologies in addition to IGCC that provide
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opportunities for the integration and testing of CCS. These include supet-critical pulverized coal
(SCPC), ultra supercritical pulverized coal (USCPC), and oxy-fueled coal plants. Each has its
unique attributes and potential advantages for CCS, and they should all be eligible for
consideration in the restructured FutureGen program to ensure that a full range of alternative
technologies is available to the nation with CCS.

Emissions Targets:
The emissions targets DOE identifies in the RFI as its objectives for participating projects

essentially reinforce the preference for IGCC technology since they ate emissions standards that
only IGCC can meet. Sierra Pacific's USCPC Ely project comes very close to meeting those
standards It is designed to achieve the following emissions levels:

97% sulfur removal

.06 1b./million Btu NOx emissions
99% removal of particulate matter
>90% mercury removal

Very small deviations of this type from DOFE'S identified emissions objectives should not
preclude a project's participation in FutureGen.

Geographic Diversity:
DOE encourages potential program applicants to focus their proposed demonstration facilities at
the four original FutureGen sites:

The Department recognizes the tremendous effort expended by the four sites - two in
[1linois and two in Texas - evaluated in the Department's Environmental Impact Statement
(EIS). . . . The site announced by the FutureGen Industtial Alliance in December 2007,
Mattoon, IL,. as well as the other three sites evaluated in the EIS may be eligible to host a
commercial-scale IGCC plant with CCS technology. DOE encourages appl~canttso include
these four sites in their consideration for this restructured FutureGen approach since the site
analysis and characterization data at those four sites may be applicable to future
environmental analyses under this testructured approach. (RFTat 5.)

This would effectively limit the demonstration value of the program to two geographic areas,
Texas and Illinois, and would thus preclude the program from demonstrating CCS is a variety of
geographic locations and environments. Although Sierra Pacific recognizes that significant
environmental effort was expended in the Department's FutureGen EIS, other sites may offer
substantial other benefits and may even have similar environmental analysis underway in
connection with plans for a coal plant using a non-IGCC technology, as is the case with the Ely
project. Such projects at alternative locations should not be barred from even competing to
participate in the restructured FutureGen program,

It is noteworthy that the West is home to many of the fastest growing states and populations,
and is thus likely to face the fastest growing demand for electricity FutureGen's benefit will be
greatly increased if it provides demonstrations in areas like the West that are going to require
significant new generation capacity. Moreover, broadening the geographic horizon of the
program will enhance the demonstration value of the program by allowing it to test CCS with a



wider range of coal types. Indeed, IGCC coal plants, using bituminous coal (the predominant
coal in the eastern US.) and operated at or near sea level, have already been built and are being
operated in the eastern US., in Florida and Indiana However, CCS has not been demonstrated
with sub-bituminous coal, such as Powder River Basin coal, the coal most abundant in the West.

Finally, broadening the geographic horizon of the program will offer the opportunity to
demonstrate CCS at higher elevations, provided the IGCC-only focus is also lifted. As DOE is
well aware, IGCC plants face a decline in output of at higher elevations because of the much
lower air density and decreased gas turbine output. If the FOA limits iis demonstration of
carbon capture to Texas and Illinois IGCC units as the only potential hosts for the research, it
will in effect limit the benefit of the demonstration to the eastern United States. There would
seem to be no legitimate programmatic justification for such a narrowly focused program, when
the need for CCS exists throughout the country.
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Skyonic Corporation

Stacy MacDiarmid, Director of Communications
Tel: 512 436.9276

3600 Bee Cave Road

Suite 200

Austin, TX 78746

stacyf@skvonic.com

LOCATION OF PROILCT

The proposed project site is the 2 unit, 1 2 gigawatt Luminant coal-fired power plant in Fairfield, I exas, Big
Brown Steam Electric Station. For fuel, Big Brown blends Texas Lignite coal from its own mine-mouth
operation with Western subbituminous coal. Big Brown units are equipped with low NOx burners, overfire air,
electrostatic precipitators and pulse-jet fabric filter baghouses. In addition, Luminant will be installing selective
non-catalytic reduction technology on these units. Luminant, a subsidiary of Energy Future Holdings Corp.
(EFH), is a competitive power generation business, including mining, wholesale marketing and trading,
construction and development operations, with more than 18,300 megawatts (MW) of generation in Texas,
including 2,300 MW of nuclear and 5,800 MW of coal-fueled generation capacity Possible alternate locations
are being discussed. This is a retrofit option to existing coal power plants

NARRATIVE DESCRIPTION OF PROIECT THAT INCLUDES THE "‘S’i’ATU‘%‘ OF PROJECT
DEVELOPMENT AND THE TECHNICAL AND FINANCIAL QUALIFICATIONS OF THE PROJECT
TEAM TGO CONDUCT THE PROIECH

The project that Skyonic Corporation proposes is a commetrcial-scale implementation of the SkyMine'™ process
at Luminant Power’s Big Brown Steam Electric Station in Fairfield, Texas The SkyMine™ process is a post-
combustion, multi-pollutant-removal technology SkyMine™ plants capture the emissions from the stack and
send them through the SkyMine™ process, where mercury and heavy metals are removed, acid-gases are
removed, and carbon dioxide emissions are captured and mineralized for safe, permanent, solid sequestration of
carbon Since the sequestration product is a solid, this process differs materially from sequesttation techniques
that require the gaseous injection technology cutrently considered in FutureGen and there are no injection and
subsequent leakage considerations While it can be employed with IGCC, it does not tequite it. The first
deployment of this technology is targeted at reducing CO; emissions at existing coal-fired plants.

Skyonic has developed the SkyMine™ process to mineralize gaseous CO; after combustion, changing it into
solid, stable, non-toxic NaHCQ; and Na,COs, which can then be teturned to the ground as inert filler In the
curtent application, flue gas fiom coal power generation is processed through several steps to generate primarily
NaHCO; . In addition, heavy metals present in coal, such as mercury, and acid gases, such as SOx and NOx, are
removed and converted into a solid, concentrated, easily-managed form. Testing with two different coal
sources, Texas lignite and PRB coal show no difference in process performance in removing metals, acid gases
and carbon dioxide. As part of the ptocess, on-site electrolysis generates hydrogen and chlorine, both necessary
chemicals that can be sold to matket, and NaOH, which is consumed in the mineralization process. All of this
can be accomplished at significantly lower enetgy penalty than other, existing technologies.

Using a low energy electrochemical process, SkyMine™ produces sodium hydroxide (NaOH) from a salt
solution, which is reacted with the CO, in the flue gas to produce primarily sodium bicarbonate (baking soda)}.
The benefit of the lower energy process can be seen in the table below compared to a typical gasecus
sequestration process. The results in the table have been verified with Southwest Research Institute.



Typical MEA SkyMine™ Process
Base Case Plant (96% €02 (96% CO2 Emissions
Units Power Plant Emissions Avoided) Avoided)
Coal Input Heat (HHV) kW 1239361 1236361 1239361
Existing Steam Turhine Generator
Qutput(+) ki 463478 2689341 463478
CO2 Turbine Oulpl(+) kW 0 62081 0
Potential Energy from Captured
Hydrogen(+) kW 0 0 340346
Total Plant output kW 463478 331422 803824
Total Auxiliary Power (-} kW 29700 70665 501450
Total Transport/Compression
Power(-) kW 0 25143 5469
Net Plant Cutput KW 433778 235614 286905
% Decrease in Net Plant Quiput % 0 46 32
Plant Thermal Efficiency (Coal
Input/Net Quiput) b 35 19 24

Since the CO; is sequestered as a solid, there is no issue with compression, transport and storage, as with a
gaseous system. Standard transport systems such as truck or rail can be used to transport the solid sodium
bicatbonate. Additionally, since no special geologic formation is required for storage and the material is non-
toxic, the process can be employed almost anywhere. Therefore, the transport and storage are not an integral
part of the power generation process and could reasonably be decoupled from it and performed by a separate
entity.

Skyonic Corporation was founded in 2005, and has spent three yeats completing lab research at Southwest
Research Institute in San Antonio, TX, and field research, trial, and demonstration at LCRA’s Fayette coal
plant, and Luminant’s (formetly TXU’s) Big Brown Steam Electiic Station in Fairfield, TX. Thete is a currently
operating pilot plant (tens of tons) on-site at the Big Brown Steam Electric Station Skyonic is now modeling
and specifying a commercial scale plant. The next step is to complete a site-specific design for the largest
commercial CO;-capture system in the wotld

Currently, Skyonic is funded with private money. We envision a joint-venture for the fitst plant, in which a
consortium of utilities, chemical partners, contractors, and large corporations will contribute funds, in return
receiving carbon credits and public relations benefits. Profits fiom the chemical operations would ultimately
pay for the operation of the carbon capture plant.

The project director and inventor of the SkyMine™ piocess is Joe David Jones; he earned his BS in Chemical
Engineering from the University of Texas at Austin and spent the first 25 years of his career in the
semiconductor manufacturing industry. Starting with chemical, electrical, and electro-chemical process
engineering, he went on to manage Process & Product teams for Ross, Sun Microsystems and Fujitsu.
Achieving low-power opetation in semiconductor devices lead directly to Jones’s development of a low-energy
method of sequestering CO», as analogous power-reductions apply to electro-chemical cell operation.

M Tones is the author and holder of a high-speed testing patent from the United States Patent Office, and has
also submitted two patent applications (nos. 20060185985 and 60/973,948) called “Removing Carbon Dioxide
fiom Waste Streams through Co-Generation of Carbonate and/or Bicarbonate Materials™ to the U.S . Patent
Office.

The lead engineer on the project is Skyonic’s Vice-President of Field Operations, David St Angelo Mr. St.
Angelo joined Skyonic in May of 2005 He earned a Bachelors in Chemical Engineering from the University of
Massachusetts and a Masters in Electrical Engineering fiom Northeastern University. Prior to joining Skyonic,
M St. Angelo worked in the field of rechargeable lithium batteries at Valence Technology and in technology



tesearch at Mobil Solar Energy. Mr. St. Angelo built both of the demonstration plants currently on the ground at
Big Brown, and continues to wotk on optimizations of the SkyMine™ process

DISCUSSION OF THE COMPANY'S ABILITY TOMEFT OR EXCEED THE TIME FRAME SET FORTH
iN THE ABOVE SCHEDULE

Skyonic has already begun the generalized design for this plant, and has begun assembling the contractors
needed for the project. We are on track to have a generalized design completed by the end of 2008, and could
begin a site-specific design, to be completed, including contracts to sell the by-products, by the end of 2009.
Since this is designed to be a retrofit on an existing coal plant, a phased approach is planned. The initial plant
would be designed to capture ~40% of the CO- fiom a 50 MW equivalent stream. We anticipate the
construction of this phase to take approximately 18 months, with the plant on-line 2011. The process design is
such that implementation could be done incrementally and additional capacity could be added to reach 300 MW
by 2014. While the process could capture 90%, this project would not be designed in such a manner since it
would be retrofit to an existing plant that has a lower efficiency than newer technologies. In addition, the
process is of a modular design and planned as a retrofit to existing plants. The chemical portion of the plant
could be operated during the hours when demand and electricity cost are lower while the absorption portion
could run 24 hours per day .

ESTIMATED AMOUNT OF DOE CONTRIBUTION {IN PERUENTAGE ANDYOR DOLLARS) THAT
WOULD BE REGUIRED FOR THE COMPANY 1O PURSUE THE PROJECT WHHIGCC-CCS
FHLCHNOLOGOY

Since this project is a retrofit for an existing coal power plant, there are no costs associated with an IGCC plant.
All incurted costs would be for the CCS project. We anticipate a DOE contribution of 50% of the initial capital

FGAT ISSURS OR BARRIERS THAT DO SHOULD BE

ANY TECHNGLOGICAL L FINANCIAL, OR
MADE  AWARE  OF THAT LIMIT THE EFFRCTIVENLISS OR FEASIBILITY OF  DOB'S
RESTRUCTURED APPROACH TOTUTURFGEN

The FutureGen project, even in the restructured form, assumes that all CO; sequestration is in gaseous form and
that it can only be accomplished on new plant technologies. Such a narrow definition of sequestration will both
limit the creativity and exclude from consideration viable technologies that can address new plants’ as well as
the existing coal fleet’s CO, emissions




OTHER INFORMATION OR CONCERNS THAT WOULD ASSIST DOE INTMPLEMENTING THE
REVISED FUTUREGEN

A fast track program for technologies that are deployable and retrofittable would accelerate the implementation
of FutureGen

DOLE seeks comments on whether the revised FutureGen approach should allow for advanced coal technology
systems, other than 1GCC L that would also meet the performance requirements staied above. [F an inerested
party believes such an alternative technology s warranted such party should provide the same information
requested i the buliets above

The flexibility of the SkyMine™ process also allows it to work with the more advanced coal technologies as an
integral part of the design In fact, in more efficient plants, the technology is even more attractive as the amount
of power consumed is related to the amount of CO; captured. [f the plant produces a Jower amount of CO; per
megaWatt, the percentage of the plant power needed by SkyMine™ is accordingly lower.

DOE also seeks comments on whether the carbon transport and storage of COzmay reasonably be decoupled
from the power generation aspects of the project and performed by separate entities

As noted above, since the CO; is sequestered as a solid, there is no issue with compression, transport and
storage, as with a gascous system. Standard transport systems such as truck or rail can be used to transport the
solid sodium bicarbonate. Additionally, since no special geologic formation is required for storage and the
material is non-toxic, the process can be employed almost anywhere. Therefore, the ttansport and storage are
not an integral part of the power generation process and could reasonably be decoupled from it and performed

by a separate entity
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Southern Company Comments on Restructured FutureGen Program
Request for Information (RFI) from DOE dated January 30, 2008

Background
Southern Company was instrumental in the formation of the FutureGen Industrial Alliance

and has been an active participant since its inauguration in August, 2005. Southern
Company personnel served as the initial Chairman of the Board of Directors for the
Alliance and as Chair of the Technical Committee during the tirst critical year of
FutureGen operations. As such, Southern Company has some significant insights to offer
to DOE regarding the restructured FutureGen program.

Southern Company supports the FutureGen project. The company joined the FutureGen
Industrial Alliance due to a need to develop, demonstrate and understand integrated
gasification combined cycle technology that includes significant carbon capture and
sequestration. The FutureGen project offered the opportunity to demonstrate the
significant technology advances (e.g. hydrogen turbines) required to make IGCC with CCS
operate reliably for electric utility applications.

Southern Company lauds DOE’s goals to accelerate demonstiation of advanced cartbon
capture and sequestration (CCS) technology. The U S and global energy industries need
commercially demonstrated, cost-effective CCS technology that can be counted on for
reliable electric power generation while minimizing air and water emissions at the lowest
possible electricity cost.

However, the draft solicitation criteria outlined in the RFI raise concerns that the
restructured program will not meet DOE’s goals. We have specific concerns about the
following proposed ciiteria:

“Demonstiate approximately 90 percent CO; capture and storage on one nominal
300 MW train with annual requirements of one million metzic tons in a saline
aquifer and

e > 99 percent sulfur removal

e <005 Ib/Mbtu NOx emissions

e <0005 Ib/Mbtu particulate matter emissions

e >90 percent mercury removal”

And
“at least one million metric tons of CO, must be stored in a saline storage

formation, CQO- in excess of one million metric of CO; per year may be used for
enhanced oil recovery.. . or other uses that result in permanent storage of COy”

Specific Southern Company comments are:
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1. DOE’s goal of demonstrating IGCC with CCS in commercial plants must balance
cost and risk,

The original intent of FutureGen was to drive CCS technology forward. Due to the high
cost, technical 1isk and research nature of the large-scale FutureGen effort as originally
conceived it was appropriate for the federal government through DOE to take most of this
risk in a first-of-a-kind (FOAK) project. Moreover, because of the costs and risks were
large, no single company was able to bear the remaining technical 1isk individually. Thus,
commercial 1isk was appropriately spread over several private companies.

Much of the technical and cost risks in the original FutureGen project stemmed from the
requirements for 90% CO, removal and long-term CO; sequestration requirements
Establishing these same criteria as a condition for DOE cost shate to support CCS in a
restructured FutureGen program as part of commercial power projects transfers FOAK
cost and risk to the private sector

The proposed critetia to require 90% total CO, capture from at least 300 MW are overly
stringent for a FOAX application of CCS in a commercial IGCC plant. CO; capture at
this level will result in a syngas containing laige amounts of hydrogen To-date, no utility-
scale F- o1 G-class gas turbine has been operated commercially or even demonstrated in
short-term trials to enable utilization of a high-hydrogen fuel, despite some OEM’s claims '

In addition, to achieve 90% total CO; capture in a single train will require at least 2 if not 3
stages of water gas shift (WGS) reactors which must be integrated into the thermal system
of a commercial power plant. To-date, no operating power plant has been designed or
operated with such a dramatic modification to the steam/thermal system.

The original FutureGen project was conceived to enable public-private partnership in
sharing of the technological risk for integrated operation of CCS with IGCC. The
testructured program — if it maintains 90% total CO; capture as a criterion for DOE cost
share participation, places an inordinate amount of technical risk on the private sector and
may result in no bidders for the restructured program.

A large amount of captured anthropogenic COs is necessary to adequately demonstiate
sequestration. However, it seems unnecessary to carty forward the otiginal FutureGen
specification of one million metiic TPY to the restiuctured program . Depending on site
and gasifier specific issues 15 to 25 % of the carbon delivered to the gasifier in the coal is
present in the syngas as CO; as it exits the gasifier. If the bulk of this “native” CO; is
removed from the syngas from a 2x1 IGCC plant then 500,000 to 1,000,000 tons of CO,
will be captured annually without the need for water gas shift or a gas turbine firing high a
syngas that is rich in hydrogen

' One suggestion is that on a plant with two IGCC trains syngas from one train (with 90% CO, removal}
might be blended with syngas from the other train that had no CO, removal to reduce the risk associated
with firing hydrogen rich syngas in a gas tubine However, this is not operationally practical. Individual
gasifiers must be linked to individual gas turbines for safe, reliable operation
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An additional implication of the RFI language is that the first one million tons of CO,
captured in a facility where DOE shares in CCS costs must be sequestered and can never be
sold for enhanced oil recovery. While there is a clear need to understand how a large
volume of CO;, interacts with a sequestration repository over time, the requirement of one
million tons is arbitrary. A smaller injection volume for permanent sequestration
evaluation will be adequate to understand CO; capacity and trapping mechanisms and still
allow monitoring, measurement and verification (MMYV) techniques to be evaluated.
Utilization of captured CO; in enhanced oil recovery (EOR) provides a means for eatly-
adopters of CCS to offset some of the incremental costs associated with CCS. Utilization
of CO2 in EOR will likely play an early role in many commercial deployments of CCS and
excluding the first one million tons may impede the willingness of industrial companies to
participate in the restructured FutureGen program

Southern Company recommendation: Rather than focus on 90% CO; removal, DOE
should focus on the amount of CO; needed annually to support sequestration demonstration
requirements. By not mandating a percent CO; capture requirement, DOE would enable
“step-wise” demonstration of CCS added to IGCC plants at levels of technological 1isk
acceptable to commercial projects and still achieve its goal of accelerating IGCC-CCS
deployment. One such possible step-wise approach is to design to capture 90% of the
native CO; in syngas as part of initial operation, with provisions to increase this initial level
of capture as experience is gained and technology improves. The first step can be
accomplished without water gas shift The second step requires 1 stage of shift and brings
the overall CO; footprint of such a plant to levels near that of a natural gas fired combined
cycle plant. The first step would not require any changes to the gas turbine burner and
even the second step can be accomplished with minimal burner design changes. This
approach is much more realistic for a commercial IGCC plant employing these
technologies for the first time

Rather than a percentage removal requirement, DOE could impose a size requirement of at
least 500,000 TPY of anthropogenic CO; capture. This amount would be sufficiently large
to meet the need to demonstrate large-scale sequestiation and is a reasonable requirement
for DOE financial participation in a project under restructured FutureGen. This annual
amount is consistent with the regional CCS demonstration program already underway with
DOE support

2. DOE must enable public policy debate and economic analyses to determine levels
of CO; capture.

As discussed above, DOE has proposed that a restructured FutureGen program require 90%
CO;capture  However, it 1s not clear that 90% capture will be the economic optimum for
long-term utility operation of IGCC-CCS plants. DOE should not pursue a carbon capture
percentage that could become interpreted as BACT or could become a legislated standard
prior to demonstration of achievable technical performance and economic analyses derived
from such performance The results of early demonstiations of CCS will help to establish
the maiginal costs of CO; capture as a function of increasing CO; capture percent
Preliminary analyses indicate that CO; capture costs rise linearly until a threshold around
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the 50% removal level is reached. Beyond this level, marginal CO; capture costs rise
dramatically. CO; capture of ~50% will make the carbon footprint of coal-based IGCC
approximately equal to a combined cycle unit firing natural gas. Requiring 90% CO,
capture as a condition of DOE participation in CCS will impose capture costs on
participants beyond what is likely to be the economic optimum in commercial projects and
may prejudice public policy makers in a direction that reduces, 1ather than enhances, the
probability that clean, affordable coal-based generation will be used for power generation
in the future.

Southern Company recommendation: DOE should not require 90% CQO, capture for the
restructured FutureGen program, as this level of capture is likely not the economic
optimum and may become a de facto standard. Rather, DOE should allow potential
participants in the restructured program to propose CO; capture levels based on their site-
specific situation. This would allow the demonstration projects to establish the “cost-
curve” for CO; capture and better inform debate about the economic level of CO; removal
from coal

3. DOE’s contribution to CCS demonstration must include operations as well as
canital cost considerations.

Adding CO, capture to a commercial power plant requires not only additional capital
investment for CO; capture equipment, it also burdens the power plant with additional
operating costs over the life of the plant. This operating cost penalty is proportional to the
amount of CO; removal required. Requiring 90% carbon capture as a condition of DOE
cost share will dramatically increase the cost of electricity from a plant equipped with CO,
removal and reduce the plant’s net power output.

Southern Company recommendation: Under a restiuctured FutuieGen program, DOE’s
criteria for participation in the cost of CCS should be developed with the full economic cost
of a CCS-equipped plant in mind. A private company will calculate the cost of lost
generation capacity imposed by operating CO; capture equipment and impute that cost to
any plant equipped with CCS. If the cost is too high DOE is unlikely to receive bids for
participation in the restructured program.

4. The criteria specified for conventional emissions are unnecessary and may be
counter-productive

The federal and state permitting process will require extremely low emissions from new
coal-based power plants. This process is designed to ensure that all relevant legal emission
criteria are met while accounting for the public interest for a specific plant site. The
restructuring of FutureGen should be focused on increasing the likelihood of commercial
demonstrations of new low carbon coal-based power generation technology. Specifying
additional emission criteria as a condition of DOE participation in CCS at a new IGCC
plant adds unnecessary complication without any public benefit. This is especially true
since any DOE financial participation in a project will require a full review under the
National Environmental Policy Act
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Southern Company recommendation: Eliminate the criteria for conventional emissions.
Existing permit requirements are adequate to ensure that any new IGCC plant that is built
will be far cleaner than any existing coal-based power plant. Including additional criteria
as a condition of DOE financial participation in CCS increases the likelihood of DOE
receiving no bidders for the restructured FutureGen

5. DOE should seek to confirm future funding for CCS under a restructured
program.

Although DOE proposes up to $1.3 billion (in as-spent dollars) will be available for a
restructured FutureGen program, only $156 million is presently appropriated. This amount
of funding is likely to be insufficient to support more than one commercial scale CCS
demonstiation. Absent additional appropriations, it is unlikely that commercial entities will
endeavor to bid for FutureGen projects unless it is evident that safficient funding is
available.

Southern Company recommendation: DOE should champion a larger commitment to
CCS research, demonstration and deployment and work to assure that a restructured
FutureGen program has sufficient authorized and appropriated funding to enable
meaningful financial contributions before announcing a competitive Funding Opportunity
Announcement. In this way, a restructured FutureGen program will operate similatly to the
Clean Coal Power Initiative program, through forward appropriations. This will allow
planning certainty for commercial project developers and operators who will seek to apply
for and use these funds.

6. DOE should seek to link CCS under restructured FutureGen program to existing
Regional Sequestration partnerships.

In the RFI, DOE affirms many technical goals for sequestration associated with the
restructured FutureGen progiam. However, many of these technical goals are already
being addressed by the Regional Sequestration Partnerships.

Southern Company recommendation: The restructured FutureGen program shoutd
seek to provide funding for the CO; capture costs associated with a sufficient amount of
CO, to enable the Regional Partnerships to fulfill their already established technical goals.
This will enable geologic storage potential and measurement, monitoring and verification
(MMV) techniques to move forward as already initiated by the Regional Partnerships. The
original FutureGen project has produced an outstanding set of technical results on geologic
monitoring and other information of value to sequestration science Linkage of these
programs will move sequestration forward faster than moving them alone.

7. Carbon transport and storage of CO,.

DOE requested comment on whether CO; transport and storage could be decoupled from
powet generation aspects. Southern Company recognizes that any COz produced from
power plant carbon capture system will, of necessity, be transported to storage via a
pipeline, whether that storage is on the plant site (short distance) ot some at a remote
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location (long distance) away from the plant. Since a pipeline will be connected to the
power plant and CO, from power generation is required to be cleaned and compressed to
pipeline conditions, the power plant will be coupled to storage efforts.

Southern Company recommendation: Southern Company has no problem with CO,
pipeline operations being conducted by a third party, so long engineering designs can
reasonably protect the power plant operations from upsets in the pipeline (and sequestration
injection system) operations and so long as operational liabilities and risks can be properly
allocated between power plant owner/operator and pipeline operator.

8. Carbon capture on advanced coal systems other than IGCC.

Southern Company considers IGCC with CCS is likely to be the long-term lowest cost
alternative for carbon capture, provided technology hurdles (H2 turbines, WGS, CO2
regeneration costs) can be reduced and performance demonstrated. However, these remain
as significant technical risks and as such; it is pre-mature to reject options for other
advanced coal-based systems, including CO; capture on post-combustion and oxy-
combustion Combustion based systems, if they can be demonstrated as cost-effective,
may enable retrofit to the existing coal-fleet and may offer a technology alternative to gas
turbine based systems.

Southern Company recommendation: Allow for multiple technology demonstrations of
pre-combustion, post-combustion and oxy-combustion are conducted provided such
demonstrations show adequate economic potential.

9. REDACTED

REDACTED



UNITED STATES DEPARTMENT OF ENERGY

REQUEST FOR INFORMATION
ON
USDOE’S PLAN TO RESTRUCTURE FUTUREGEN

SUBMISSION OF THE SUMMIT POWER GROUP
March 3, 2008

The Summit Power Group (“Summit™} welcomes this opportunity to submit
cominents in response to the Department’s (“USDOE’s”) plan to restructure FutureGen.
Summit supports USDOE’s plan, and — as an active developer of integrated gasification
combined cycle (“IGCC”) power projects — offets suggestions here for improving the
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n’s design in a manner that will achieve real-world results and help accomplish

P
USDOE’s objectives.

A. Backoround: The Summit Power Group & Its Gasification Projects

Summit was founded in the early 1990s by its current Chairman, Donald Paul
Hodel, and its curtent CEO and President, Earl Gjelde Mi. Hodel had previously served
as Secretary of the USDOE and later Secretary of the U.S Department of the Interior
(“USDOI”) under President Ronald Reagan, and Administrator of the Bonneville Power
Administration (“BPA”), the laigest Federal power marketing agency Mr. Gjelde had
served with Mr. Hodel as his top deputy at USDOE and USDOI, and earlier as the Acting
Administrator, Deputy Administrator, and Power Manager of BPA

Summit develops power projects for utilities, independent power producers,
ptivate equity companies, and other owners of such projects. Summit is paid on a

success fee basis, and has successfully completed some five billion dollars ($3 billion) in



U.S power projects, primarily with Siemens equipment, with an even larger portfolio of
current projects in development

Summit has three main business lines: (1) combined cycle combustion turbine
(“CCCT™) projects, (2) alternative energy projects such as wind power and solar power,
and (3) coal gasification powet projects with carbon capture. All of these business lines
involve climate-friendly energy technologies of potential worldwide significance, and all
help the United States achieve energy security and independence.

Summit’s gasification power projects with carbon capture that are currently in
development fall into three categories:

1 T avge crala ciirfs R aatinm  mroiaete Currnin it b Tn ; .
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several years with Siemens and Linde on a large scale IGCC project known as the Texas
Clean Energy Project (“ICEP”). TCEP will be owned by a large private equity investor
in the North American power sectot  TCEP will include four (4) five hundred megawatt
thermal (500 MWTh) Siemens gasifiers and state-of-the-art Siemens F-class power
generation equipment operated in combined cycle. The project’s expected capital cost is
roughly two and a half billion dollats (82 5 billion). TCEP will produce electric power,
carbon dioxide (CO2) for enhanced oil recovery (“EOR™) and carbon capture and
sequestration (“CCS”), and a variety of other commercial products and by-products.
Summit expects to announce TCEP publicly, as well as the project’s location, in the near
future. Summit is also in discussions to develop additional large scale surface
gasification projects for other parties elsewhere

2. Industrial scale suiface gasification project. Summit is working for a major

wotldwide manufacturing company on the design and feasibility analysis for a potential



industrial scale surface gasification project for on-site as well as other applications. The
project will include two (2) Siemens 500 MWTh gasifiers and smaller than F-class
generation equipment operated in combined cycle. In addition to electric power, the
project will produce hydrogen and other gases for the host manufacturing facility, as well
as excess synthesis gas (“syngas™) for potential sale to ethanol manufacturers or others
If this project proceeds, it should be announced publicly in mid-2008.

3. Underground coal gasification (*UCG™) on-site power projects. Summit has

agreed to develop the power projects for at least the first three North American
underground coal gasification projects of Laurus Energy Laurus Energy is the exclusive
Canadian and non-exclusive U S licensee of the proprictary Ergo Exergy UCG process,
which has successfully produced air-blown syngas in the West in Australia and South
Afiica Both Siemens and General Electric will warrant their turbines to operate on this
syngas. Summit also expects to be involved in power plant development for UCG
projects outside North America.

In addition to the foregoing, Summit is considering potential involvement with

several advanced coal gasification technology companies whose technologies have not

yet been deployed at commercial scale

B. Summit’s Comments on USDOE’s Plan: Major Points

Summit believes USDOL is wise to support CCS at commercial IGCC projects,
rather than just in experimental or research projects IGCC technology is ready for
commercial deployment now. What’s needed is acceptable catbon management for
IGCC projects, and proof to the world (and the industry) that CCS actually works. In the

absence of a settled TFederal legislative policy (and international policy) on carbon



emissions, including policies that will help support CCS by market mechanisms, USDOE
support for CCS at commercial [GCC projects may be very helpful.
Summit offers three major suggestions to USDOE in this respect:

1. USDOQE should not demand ninety or ninety-five percent (90-95%) carbon

capture from this first generation of commercial IGCC projects. Instead. the applicable

requirement should be that the IGCC project is designed to captute sufficient carbon to

allow it to meet a reasonable natural gas-fired combined cvcle (or “NGCC”) CO2

emissions standard, recently established by California and Washington. among others, at

¢leven hundted pounds of CO2 per megawatthour (“MWh™) of net power produced.

The importance of this point can hardly be overstated. The fitst generation of
IGCC projects involves many early-stage costs that can setiously hamper
commercialization. Second and third generation I[GCC plants will face fewer such costs,
reflecting additional economies and optimization in design and operation that can come
about only based on the experience of the first-generation plants, the capturing of
economies of scale, and the development of reference plant designs.

The first-generation IGCC plants should not be saddled with excess costs that are
not necessary for society’s and USDOE’s putposes It should be enough, for now, that
the first IGCC plants in commercial operation are designed to emit no more CO2 than an
NGCC. NGCCs emit much less CO2 than conventional coal-burning plants. NGCCs are
also the type of plant now being built across the country to teplace coal-fired plants that
are being canceled

To achieve the NGCC standard of 1100 pounds of CO2 pet MWh of net output,

an IGCC project must capture between fifty-five percent (55%) and sixty-five percent



(65%) of the carbon in its syngas. This amount can be achieved through a combination
of acid gas cleanup (for sulfur removal, but also removing CO2) and a water-gas shift
reactor. It is not possible to achieve 90-95% removal without the addition of
significantly greater shift reaction capacity. This adds significant capital and operating
costs to the IGCC project. For most if not all first generation IGCC piojects, those added
costs are potential straws that can break the back of the project’s pro forma, making the
project impossible to fund, develop, finance, and build

2. Use of anthropogenic CO?2 for enhanced oil tecovery should be considered

appropriate CCS for all purposes, to the extent that the injected CO» is removed from the

produced oil. reinjected, and ultimately is confined underground, provided ihat the EOR

project(s) in which such CO2 is used include approptiate monitoting, measurement. and

verification (“MMV™),

In the long run, EOR cannot entirely take the place of other forms of CCS, since
the amount of CO2 that will ultimately be sequestered on a nation-wide and wotld-wide
basis exceeds the amount that could be used in currently estimated EOR opportunities.
But use of anthropogenic CO2 for EOR represents an important bridging strategy for
commercialization of IGCC with CCS At the moment, the absence of settled carbon
policies that might provide IGCC projects with market incentives to help cover the costs
of EOR means that such projects have few if any sources of revenue, apart from EOR, to
help defray those costs

Some injected CO, may be teleased to the atmosphere during the oil production
resulting from EOR = Operating fields to achieve and demonstrate CO, storage also was

not, perhaps, a piiority of the industry prior to climate concerns making apparent the



importance of such permanence However, the oil and gas industry is capable of
providing MMV, satisfactory to regulators, and demonstiating that proper oil field
management can result in a very high percentage of EOR-injected CO2 remaining
trapped underground, effectively pef‘manently for climate purposes. Given that EOR may
be vital to the economics of the first generation of IGCC projects, it should be viewed as
an appropriate form of carbon sequestration, despite the potential release of relatively
insignificant velumes of CO; during the cycling of the gas that is inherent to EOR
operations.

There is also no sound basis for disfavoring use of anthropogenic CO2 for EOR
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njecting such CO2 into oil fields is to bring
hydrocarbons to the surface, the carbon from which eventually ends up in the
atmosphete. First, producing oil with EOR methods does not increase either the demand
for or the consumption of oil. Current climate modeling assumes that oil to meet current
demands will continue to be produced, and that carbon from that oil will end up in the
atmosphere  EOR as a means of production has no impact on climate projections, and
does not facilitate the addition of CO2 to the atmosphere that is not expected and already
taken into account in those projections.

Second, if CO2 is not used for EOR, then other substances, including other gases,
will be. Use of CO2 (compared with, say, water or nitrogen) is one way of putting
carbon into effectively permanent sequestration in the process of recovering oil.

Finally, of course, EOR is conducted today using CO2, the vast majority of which

occuts naturally in underground formations This CO2 is not anthropogenic. [t is

actually being removed from geological sequestration in the first instance. To the extent



anthropogenic CO2 used for EOR can displace and ultimately replace non-anthropogenic
CO2 used for EOR, the net carbon emissions reduction and climate benefits are large It
is for this reason that Texas, for example, has adopted a statute to incentivize the use of
anthropogenic CO2 for EOR by reducing taxes on the oil recovered using such CO2.

3. Petcoke should not be disfavored as an IGCC feedstock, at least if blended

with coal, lignite, o1 similar hydrocarbons. In some first generation commercial I[GCC

projects, petcoke may be necessary or useful to make the project’s physical or financial
pet formance acceptable. Petcoke has a high Btu content, it is dry, and although it has a
relatively high sulfur content the gasification process is capable of removing that sulfur

Moreovet, petcoke is a domestic energy resource By using it, rather than by
treating it as waste product or exporting it, we improve U.S. energy sccurity and
independence.

In addition, gasifying petcoke in an IGCC project with partial carbon capture
means that less carbon is released to the atmosphere than would be the case if, for
example, the petcoke is burned — which is the most likely other use of petcoke
domestically

Finally, the carbon in petcoke is carbon that comes from oil that has already been
produced World climate models assume this carbon will end up in the atmosphere. To
the extent the petcoke is gasified and a majority of its carbon captured in an IGCC project
designed to meets the NGCC emissions standard for CO2, the atmosphere receives less
CO2 than currently assumed in world climate models. The benefit from any given 1GCC
project may be relatively small, but it represents movement in the right direction, and is

real.



C., Other Points

1. Integiation of CCS and EOR: USDOE should encourage projects for saline

injection of CO2, or other forms of geologic CCS, to be designed and developed in
conjunction with the use of CO2 for EOR  These should not be considered entirely
separate activities if they can be integrated Integration is not simple, since the
requirements of EOR projects and those of CCS projects are not identical But
integration can reduce total capital and operating costs. This can improve project
economics for the 1GCC plant, the EOR project, and the CCS project alike. Importantly,

this can also allow any USDOE financial contribution to integrated CCS and EOR
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piojects that include EOR and CCS.

2. Sulfir removal: [t is a mistake for USDOE to continue to focus on sulfur
removal in terms of the percentage of sulfir removed. The important criterion should be
an IGCC project’s ability to meet a specific standard for the allowable level of sulfun
emissions that remain. What mattets to human health and the environment is how much
sulfur an IGCC plant emits, not how much it does not emit. Continuing to employ
USDOE’s “percentage of sulfur removed” standard simply discriminates against IGCC
projects using low-sulfur feedstocks — for no legitimate environmental or other public
policy purpose

3. Avoiding the concept of gasifier “trtains”: The RFI speaks in terms of “one

nominal 300 MW train.” As you know, the concept of “trains” applies more closely to
some particular gasifier technologies than others. As noted above, Summit is currently

wotking on two IGCC projects, each of which uses multiple 500 MWTh Siemens



gasifiers These are 1elatively small and modular units, with two units being joined in a
common manifold. These are not trains in the same sense as those of, say, the
ConocoPhillips gasification technology. USDOE has no reason to favor gasifier trains
over other configurations, and we ask that in its final plan, USDOE not do so.
# # Ed
Thank you again for the opportunity to submit this comments. Please do not
hesitate to contact Summit Power if we can be of further assistance. We look forward to

participating in the next stage of your process.

Karl E Mattes

Director of Projects
Summit Power

3720 Emberwood Drive
Brookfield, WI 53005
262-439-8007

kmattes@summitpower.com




DOE request for public comments regarding the plan to restructure FutureGen

Tampa Electric response:
Comments to “SUMMARY™ section:

The DOE’s stated objective of the restructured FutureGen is to “help understand, address,
and solve technical, siting, permitting, regulatory and fiscal aspects of CCS deployment
in various commercial settings”. This objective is reasonable and important to enable
the use of coal fueled power generation in a carbon constrained future.

The stated intent for the restructured FutureGen project is to fund “the incremental cost
associated with CCS technology “. This needs to be mote fully defined. The incremental
costs will include the initial capital for the CCS equipment, ongoing expenses for
opetation and maintenance of this equipment, the expense of additional fuel required due
to heat rate degradation, the cost of replacement power due to capacity degradation and
any expense associated with CCS permitting and long term liability for the sequestered
CO;

Comments to “KEY GOALS OF REVISED FUTUREGEN” section:

The description of 1evised approach describes the characteristics that would be required
for projects to qualify for participation and funding. These qualifying characteristics are
aggressive and will create a significant economic burden for participating entities In
particular, the requirement for 90 percent CO; capture will dictate significant changes to
plant equipment affecting not only initial capital expense but also plant output and
efficiency The DOE may want to consider projects that do not meet the 90% capture
and one million metric tons of CO, pet year targets if the alternative project can
demonstrate CCS in a meaningful way on an accelerated timeline

The performance taigets of >99% sulfur removal, < 0.05 Ib/million Btu NOx emissions,
< 0.005 Ib/million Btu particulate matter emissions and >90 percent mercury removal
will be very difficult for existing facilities to achieve. The department may want to
consider lower standards for projects at existing IGCC facilities in order to demonstrate
CCS in a meaningful way on an accelerated timeline.

The stated goals may not adequately stress the importance of establishing permitting
guidelines and procedures for CO, sequestration.

The stated goals may not adequately stiess the importance of developing mechanisms to
deal with the long term liability associated with the sequestered CO; .

The stated goals may not adequately stress the importance of the process needed to gain
public acceptance of local CO; sequestration.




Description of potential project in response to RET:

. Name, Point of Contact, Telephone Numbet, Mailing Address, E-Mail Address
Robert Howell
813-229-1932
702 N Franklin St.
Tampa, F1 33601
RNHOWELL@IECOENERGY.COM

. Location of project.
Polk Power Station
Mulberry FL -

. Narrative description of project that includes the status of project development and
the technical and financial qualifications of the project team to conduct the project.

Demonstration of CO; capture and sequestration below the site in a deep saline
aquifer at an operating IGCC power facility.

The proposed project would proceed in two phases.

Phase one would entail the capture of approximately 15,000 tons per year of CO;
from the MDEA strippet overhead gas stream. The captured CO; rich stream
would be passed through an additional sulfur removal step prior to comptession
and below site sequestration. Implementation of this project would offer
significant benefits:

1. This project would demonsttate CCS from an operating IGCC power
facility in the thousands of tons of CO, per year scale in a much shorter
time frame than would be possible by waiting for new projects to reach
commercial operation.

2. This project would demonstrate CO, storage in a deep saline aquifer
directly below the site and would be the first of its kind project in Florida.

3 This project would become a mechanism to address the policy issues
regarding long term CO; storage in Florida.

4. This project would become a mechanism to establish permitting guidelines
regarding long term CO; storage in Florida.

5. This project would become a vehicle for public communication and
outreach regarding long term CO; storage in Florida and nationally.

6. The demonstration of CCS at the scale proposed by this project would
significantly reduce the costs and impacts due to efficiency and capacity
impacts on the operating facility

Phase two of the project, contingent on acceptable results from phase one would
be an expansion of the CCS system to approximately 400,000 tons per year of
CO>. This would be accomplished by the addition of a second amine



absorption/stiipping system downstream of the sulfur removal system that would
be optimized for CO; removal.

Discussion of the company’s ability to meet or exceed the time frame set forth in

the above schedule.
Tampa Electric has over 11 years of experience in designing, constructing and
operating an IGCC power facility The proposed project would utilize Polk Unit
1, which is one of only two facilities of its kind in the US and is known world
wide as a leader in technology innovation. By using this existing facility, this
project can achieve the objectives of a significant demonstration of CCS in a
significantly shorter time frame than other projects.

Estimated amount of DOE contribution (in percentage and/or dollars) that would be
required for the company to putsue the project with IGCC-CCS technology.

Tampa Electric would look at this project as a joint venture with Electiic Power
Research Institute (EPRI) for additional co-funding opportunities. It is not know at
this time the cost break out to facilitate the project.

Any technological, financial, or legal issues or barriers that DOE should be made
aware of that limit the effectiveness o1 feasibility of DOE’s restructured approach to
FutureGen.

T'he stated intent for the restructured FutureGen project is to fund “the
incremental cost associated with CCS technology “. This needs to be more
fully defined. The incremental costs will include the initial capital for the
CCS equipment, ongoing expenses for operation and maintenance of this
equipment, the expense of additional fuel required due to heat 1ate
degradation, the cost of ieplacement power due to capacity degradation and
any expense associated with CCS permitting and long term liability for the
sequestered CO,.

Other information or concerns that would assist DOFE in implementing the revised
Future Gen.



1701 £ Lamar Blvd., Suite 100
Arlington, Texas 76006
817-462-1500

FAX: B17-462-151C

Maich 3, 2008

VIA E-MAIL

Keith Miles

U.S Department of Energy

National Energy Technology Laboratory
Keith Miles@NETL DOE GOV

Re: Request for Information on the Department of Energy’s Plan to Restructure FutureGen

Dear Mr . Miles:

Tenaska, Inc. is a privately held company with more than 20 years of power plant development
and energy marketing experience Based on the company’s belief that coal-fueled power plants
are essential to our nation’s continued economic well being, and that such plants will be required
to capture and sequester carbon dioxide (“CO,™) in the near future, two Tenaska affiliates have
begun the development of advanced clean coal generating stations.

The Taylorville Energy Center is a bituminous coal-fueled Integrated Gasification Combined
Cycle (“1GCC”) located in Taylorville, Hllinois. It is being developed by Christian County
Generation, L.L C., whose membership interests are owned 50% by MDL Holding Company,
L.L.C and 50% by Tenaska Taylorville, LCC. Due to the joint ownership of this project,
Christian County Generation’s response to this Request for Information is being provided
separately.

Another Tenaska, Inc. affiliate, Tenaska Trailblazer Partners, LLC, is developing a supercritical
pulverized coal-fueled electric generating station in Nolan County, Texas, that will capture 85%
to 90% of the CO; produced duting normal operation. Although the Tenaska Trailblazer Ener gy
Center (“TTEC”) will pot employ IGCC technology, it will help further FutureGen’s primary
goal to demonstrate advanced technology that produces electricity from coal in a way that
mitigates the atmosphetic emissions of CO2 Therefore, Tenaska respectfully requests that DOE
consider the Tenaska Trailblazer Energy Center for inclusion in the restructured FutureGen
initiative

Following is the information requested in the REI for the TTEC:
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Name, Point of Contact, Telephone Number, Mailing Address, Email Address
Tenaska Trailblazer Energy Center

Jetf James

Director, Business Deveiopment

Tenaska, Inc.

1701 E. Lamar Blvd., Suite 100

Ailington, TX 76006

817/303-3600

dames @tnsk com

Location of project

The Tenaska Trailblazer Energy Center will be located nine miles east of Sweetwater, Texas in
Nolan County. It will be electrically interconnected with the Electric Reliability Council of
Texas (ERCOT).

Tenaska Trailblazer Energy Center l
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Narrative description of project that includes the status of project development and the
technical and financial qualifications of the project team to conduct the project.

A Project Description

TTEC is a proposed supercritical pulverized coal project to be located approximately nine miles
east of Sweetwater, Texas. It is being developed by Tenaska Trailblazer Partners, LL.C, an
aftiliate of Tenaska, Inc (collectively with affiliates, “Tenaska”) The TTEC will install
equipment during its initial construction to capture up to 90% of the carbon dioxide produced
during the combustion process The base case assumes that the project will be dry cooled; with
dry cooling, the project’s gross output is expected to be 765 MW and its net output is expected to
be 600 MW . If the project is able to find a suitable water souice to allow wet cooling, the gioss
output is expected to be 785 MW and the net output is expected to be 630 MW. The expected
cost of the TTEC with carbon capture and dry cooling is more than $3 billion.

The project will use sub-bituminous coal from the Powder River Basin, which will be brought to
the project site via rail. A Tenaska affiliate has purchased a 1,919-acre parcel of undeveloped
ranchland for the project that is bordered on the north by the Union Pacific Railroad and on the
south by the Burlington Northern-Santa Fe 1ailroad  All required rail infiastructure for the
project will be built on Tenaska-owned land

Tenaska is evaluating several different carbon capture technologies, including conventional
amine, advanced amine, aqueous ammonia and chilled ammonia technologies. The nitimate
selection of carbon capture technology will be based on performance, scalability, economics,
timing and financability Tenaska is confident that one or more of these carbon capture
technologies will be suitable for the TTEC

B Project Development Timeline
'The development timeline for major TTEC activities is as follows:

Activity Status Scheduled Completion
Secure site Completed -

Phase 1 & II Environmental Assessment Completed -

Establish plant configuration and location Completed -

Execute EPC contract Not begun January 2009
Determine and contract for water supply In process February 2009
Obtain transmission interconnection In process February 2009
Execute plant O&M services agreement Not begun April 2009
Execute power off-take agreements In process April 2009
Execute CO2 off-take agreements In process April 2009
Obtain permits In process April 2005
Financial Close Not begun August 2009
Provide notice to proceed to EPC contractor Not begun August 2009
Commercial Operation Net begun June 2014
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C Developer Qualifications
Tenaska is a privately held company with more than 20 years of power plant development and
energy marketing expetience. In 2006, Forbes magazine ranked Tenaska 26™ largest among the

top 100 privately held companies in the United States based on revenues.

Tenaska has developed and constructed approximately 9,000 MW of generation representing
more than $7.7 billion in financing and capital investment. Unlike most other independent
power developers, Tenaska has maintained a strict discipline of incusting debt only through non-
recourse debt at the project level . Accordingly, Tenaska, Inc. is debt free. This stiong financial
position provides assurance to Tenaska’s counterparties that the organization will remain

financially stable and stiong.

The following map shows the breadth of Tenaska’s operations and experience
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Tenaska employees have experience in all aspects of large-scale generating project development,
including combined and simple cycle natural gas facilities, pulverized coal, fluidized-bed, waste
coal and lignite facilities Tenaska employees have experience in gas and coal plant siting and
permitting; engineering design and optimization; financing; construction contracting and
management; fuel procurement and handling; commissioning; and operations and maintenance.,

Tenaska Marketing Ventuies, a Tenaska affiliate is among the top 10 daily marketers in the
North American natural gas market, selling or managing more than 1.86 trillion cubic feet of
natural gas in 2007 This volume is equivalent to approximately eight percent of total U S.
natural gas consumption Tenaska also has a power marketing affiliate, Tenaska Power Services,
that develops custom power supply solutions for its customers It operates a 24-hour trading
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floor dealing primarily with sales of physical electiic power, totaling more than 15,615 gigawatt-
hours of electricity sales in 2007

Tenaska is headquartered in Omaha, Nebraska Regional offices are in Arlington, Texas;
Denves, Colorado; and Calgary, Alberta, Canada.

D Project Financing
The TTEC will be funded by the folowing sources:
e Kquity. Tenaska, and possibly other paitners, will fund a significant portion of the total
required funds.
o Financial Institutions Tenaska expects to obtain the non-equity portion of the project
funds from the commercial bank market.

Discussion of the company’s ability to meet or exceed the time frame set forth in the above
schedule.

The DOE is contemplating a project with a commercial operation date of 2015. The TTEC’s
current proposed commercial operation date is June 2014, but does not contemplate a National
Environmental Policy Act (NEPA) review. If a NEPA review is required we expect this would
delay our commercial operation date until June 2013,

Estimate the amount of DOF contribution (in percentage and/or dollars) that would be
required for the company to pursue the project with IGCC-CCS technology.

Although the TTEC does not plan to use IGCC technology, it does intend to install and operate
CCS technology from day one. We have just completed the first phase of out development
period with the filing of: 1) the TTEC air permit application and 2) the TTEC transmission
interconnect request. We are now entering the second phase of development, which involves
plant design wosk, obtaining engineering and construction bids and determination of nltimate
financial viability. Tenaska will spend more than $15 million during this second phase — a
considerable commitment to the development of the TTEC. Some of this phase two effort must
be completed before we can determine the amount of DOE contribution that would be required
for Tenaska to pursue CCS at the TTEC

Any technological, financial or legal issues or barriers that DOE should be made aware of
that limit the effectiveness or feasibility of DOE’s restructured approach to FutureGen.

In the absence of a specific statutory exception, DOE grants constitute taxable income to the
recipient. This was not an issue when the recipient of DOE funding was to have been a not for
profit corporation, but it will be an issue in the funding of commercial projects. In order to
preserve the full amount of any potential funding to pay for the capital cost of capture and
sequestiation, it would be desirable for DOE to pursue a legislative exemption with Congress.

Other infermation or concerns that would assist DOE in imaplementing the revised
FutureGen,

As mentioned above, TTEC is not planning to use IGCC techuoology. DOE should consider
FutureGen funding for at least one project that conternplates capture and sequestiation of catbon
dioxide in a post combustion configuration It is important for this countiy to find a way to
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capture CO2 in a post combustion configuration, since most all of the coal-fueled projects in this
country do not utilize IGCC technology.

Tenaska believes the carbon transport and storage of CO2 may reasonably be decoupled from the
power generation aspects of the TTEC and peiformed by separate entities

Sincerely,

TENASKA TRAILBLAZER PARTNERS, LLC
By:  Tenaska Trailblazer I, LLC, its Managing Member

By:  David G. Fiorelli
President & CEQ, Business Development



Wallula Energy Resource Center (WERC) Project
Response to Department of Energy
Request for Information to Restructure FutureGen

Point of Contact

Robert E Divers, CEO, United Power Company, LLC

3202 Harbor View Drive NW, P O. Box 2089, Gig Harbor, WA 98335
Phone 253-853-1669, Cell 253-431-9250

E-Mail Address 1divers@unitedpowerco.com

Location of Project

The WERC Integiated Gasification Combined Cycle Project will be located on a
greenfield site in the Wallula Gap Business Park, Walla Walla County, Washington. The
project is approximately 11 miles southeast of the city of Pasco, WA, 1 mile east of U S.
Highway 12, approximately 1.75 miles north of the town of Wallula and 1.25 miles east
of the Columbia River.

Project Description
Power Block

The WERC project 2x1 configuration powet block consists of two Mitsubishi Power
Systems (Mitsubishi) Model 501 G combustion gas turbine generators each with a Heat
Recovery Steam Generator (IIRSG) and one Mitsubishi Power Systems single reheat,
condensing steam turbine geneiator receiving steam from each HRSG At full load
opetation and average ambient site conditions, each combustion gas turbine will produce
268,700 KW gross and the steam turbine 376,700 KW gross for a total facility gross
output 0f 914,100 KW. The auxiliary power consumption is estimated at 215,900 KW for
a net plant output of 698,200 KW The gross efficiency is 42.7 % and the net efficiency is
32.6 %. The project is located at an elevation of 500 feet above sea level with an average
annual temperatute of 54 F and 71 % relative humidity. The main power train cooling
system will use wet mechanical-draft cooling towers and inlet evaporative cooling will be
used to maximize combustion gas turbine output for peak summer operating conditions.

(Gasification Block

Up to 3 2 million tons per year of Powder River Basin (PRB) coal will be utilized as the
primary fuel feed and natural gas will be utilized as back-up, start-up and shut-down fuel
The project will be operated primarily on hydrogen rich (low carbon) fuels that have CO2
emissions that are less than a modern natural gas-fired combined cycle gas power plant.
The coal will be gasified using Mitsubishi two frain air blown dry feed, membrane
waterwall gasification technology to produce synthesis gas (syngas), a high purity carbon
dioxide (CO,) for sequestration, and slag, elemental sulfur and ammonia byproducts for
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sale to third parties. See attached block diagram entitled “WERC 700 MW IGCC with
Integrated CO2 Capture (Avg. Ambient 54 F)” for a block representation of the WERC
gasification process. '

Mitsubishi’s air blown dry feed, membrane waterwall gasification technology is a unique
gasification process that has been undet development for over 20 years in Japan It was
developed exclusively to provide the power industry with the most efficient IGCC
technology

The MHI technology was selected for the WERC project design due to the ability to fire
low cost PRB fuels, the use of an air blown design which reduces auxiliary power, a dry
coal feed which lowers the heat loss and reduces water demand 1esulting in increased
efficiency, and the use of water wall construction which removes the requitement for
high maintenance refractory thus increasing plant availability In addition, the Mitsubishi
gasifier is smaller than other technologies which allow the complete gasifier vessel to be
shipped by barge to the site in one piece thus reducing construction costs. The Mitsubishi
gasification process technology using PRB fuels is curtently under testing in a 250 MW
demonstration plant in Japan This plant has been in start-up operations since the fall of
2007 and to date all systems have proven to 1un as designed. The test program will be
completed this spring with the test results used in the final design of the WERC project
A cooling system utilizing wet mechanical-draft cooling towers will be provided for the
gasifier process and combined cycle power-island.

Carbon Sequestration

Sixty-five percent of the CO2 produced in the gasification process (approximately 4
million tons per year) will be captuted by a Selexol (ARG) unit, pressurized to
approximately 2,200 psig and injected into the Grande Ronde #5 basalt formation located
directly under the site where the pressurized CO2 will convert to a solid carbonate and
remain in permanent sequestration. The injection well(s) will be located on or near the
project site. The site is positioned above approximately 12,000 to 14,000 feet of basalt
that is available for sequestration. The WERC project is partnering with the Big Sky
Carbon Sequestration Partnership (Big Sky), one of seven DOE partnerships, U.S
Department of Energy, Battelle Institute, Pacific Northwest Labs, the Port of Walla Walla
and others to provide the project site as the study site for sequestering CO2 into basalt
formations IThe formal on-site testing was started in the summer of 2007 with the test
results to be obtained over the next two years, Please 1efer to the attached document
entitled “Field Activity Plan: Characterization Test for CO2 Sequestration in the
Columbia River Basalt Group, dated June 2007 for details of the basalt sequestration
program and anticipated results. We believe this will be the first large scale IGCC project
sequestering CO2 in basalt

The sixty-five percent CO2 sequestiation design was selected as the break between a
traditional low Btu fuel combustion gas tuibine design with a history of operating
experience and a new, lower Btu hydiogen based fuel gas turbine design with little design
experience in combustion gas turbines of this size. The WERC project team did not want
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to accept both risks for a new gasification technology and a new gas turbine technology
for a plant that will cost in excess of $3 billion dollars. Mitsubishi has extensive operating
experience with low Btu combustion gas tutbines of the type selected for this project.
There is no operating experience with the low Btu hydrogen based technology.
Additionally, the low Btu hydrogen fuel will result in lower plant efficiency thus further
compounding the operating cost difference between an IGCC plant design and a
traditional natural gas-fired combined cycle design which is the marginal cost competitor
for base load operation

Tiansportation Systems

PRB coal will be transported from the Wyoming mines to the site by one of two railtoads
(Burlington Northern & Santa Fe Railway or the Union Pacific Railtoad) which have a
common tie located adjacent to the site The common tie will allow coal delivery
competition thus reducing fuel delivery costs. Approximately 5 unit trains of 150 cars
each will be run to the site per week The WERC project is also being designed to burn a
range of PRB coals thus further allowing coal purchase price flexibility The same coal
supply transportation system will be used to transport slag and sulfur byproducts off-site

o tlatad tnnider Ariobetaaare A e M ] 3
to third paity customers. Ammonia byproducts will be transported to local customers by

truck.

Natural gas will be supplied from the existing TransCanada GIN System (GIN) main
pipeline which is located approximately 4 miles south and east of the site

See Figure 223 2-5 entitled Transmission, Makeup Water and Gas Routing for a
representation of the rail and natural gas transportation systems

Electiic Tiansmission System

Eleciric transmission services for the WERC project will be thiough Bonneville Power
Administration (BPA) A three mile 500 kV transmission line and substation will need to
be constructed from the WERC project site to the existing main BPA Lower Monumental
to McNary 500 kV transmission line. A System Impact Study has been performed which
indicates the feasibility of this design. See Figure 223 2-5 entitled Transmission,
Makeup Water and Gas Routing for a representation of the proposed eleciric transmission
system

Water Supply and Discharge

Water for the project will come from the Wallula Business Patk municipal water system.
An annual average 4,000 gpm is required for the WERC project The plant is being
designed as a zero discharge plant with all water collected, treated and reused except for a
small stteam of brine flow to an on-site evaporation pond whete the liquid portion will be
evaporated and the solids transported to an approved land fill. The only other liquid
dischaige is sanitary waste thiough an approved septic system.
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Project Access

Access to the project site will be a network of country roads off of U.S Highway 12
which is located approximately 1 mile from the project site

Air Emissions

The WERC project is located in an air quality attainment area. In addition to reducing
CO2 emissions, preliminary air modeling has indicated that the WERC Project will have
emissions closely approximating a natural gas fired power plant meeting all federal, state
and local air quality requirements Mercury emissions will be reduced to the stringent
proposed Washington state limits and the sulfur in the syngas will be substantially
reduced (to 10 ppmv total sulfur) to enable effective utilization of SCR, concurrently
achieving very low sulfur emissions

Status of Project Development
The following activities have been started or completed:

e Mitsubishi and Fluor Enterprises, Inc. (Fluor) have been selected as the design
team and equipment providers.

o A complete Feasibility Study including cost estimates has been completed by
Mitsubishi and Fluor.

¢ An outline of the FEED Study to be performed by Mitsubishi and I'luor has been
agreed to

e Preliminary negotiations have been completed for the land and water supply with
the Port of Walla Walla, the owner of the Wallula Gap Business Park

e Agreement has been achieved and work started by Big Sky to prove the science of
carbon capture in basalt on the project site.

e A potential Site Study has begun with EFSEC (the Washington State Energy
Facility Site Evaluation Council) which is the state wide permitting agency for
thermal power projects exceeding 250 MW’s) as a required precursor to a
licensing application The first EFSEC site visit is scheduled for March 13"
2008.

= A licensing application to the state of Washington has been started and is
approximately 65 percent complete. Approximately 3 months remain to complete
this effort Once the licensing application is submitted to EFSEC, the time to site
approval from the state of Washington is 14 months.

s A System Impact Study has been completed by BPA that provides the design
requirements of the 500 kV electrical interconnection with the BPA system.

» Discussions have been made with PRB coal suppliers and the railroads to confirm
the availability and costs of the fuel supply.

¢ A detailed proforma (financial analysis) has been developed and has been used to
provide answers {0 what if questions.

¢ The project is on-schedule for start-up operations in the year 2014.
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Technical Qualifications

Mitsubishi is one of the top three producers of large combustion gas turbines and steam
turbines in the world. The Mitsubishi “G” combustion gas turbine is one of the largest
and most efficient in the industry with over 45 units presently operating In addition,
Mitsubishi has over one million operating hours of experience with large low Btu fuel
firing combustion gas turbines. Mitsubishi has extensive experience in the development
of IGCC plants in Japan starting with the early pilot plants (CRIEPT and Nakoso) in the
1985 to 1995 time periods to the startup and operations (this last fall) of a 250 MW
demenstration plant firing PRB coal The Mitsubishi gasifier design is based on extensive
experience in the boiler industry with over 2,800 boiler units in service.

Fluor has been a top ranked engineering, design and construction company for many
years and recently ranked #1 in Fortune magazine’s “Engineering Construction Category
of America’s Largest Corporation” and Engineering news record ranked Fluor #1 in the
top 100 contractors. In recent years Fluor has built over 150 combustion gas turbine
genetating facilities and in the last 5 years has consistently been awarded approximately
1/3 of the new combustion gas turbine projects in the U.S In the area of gasification,

gasifiers and over 80 years of experience in the petroleum refining, a related business unit
that wotk experience can be drawn from.

Developers and Owners Qualifications

Robert Divers, CEQ and managing Partner of United Power Company, LLC was lead
developer of the project team that successfully licensed the 1,300 MW combined cycle
Wallula Power Project and was responsible for the successful development of the 250
MW combined cycle Rathdium Power Generation Facility. United Power has been
developing the project under a joint development agreement with Edison Mission Energy,
the unregulated company owned by Edison Inteinational. The parties are currently
interviewing a short list of potential industty partners (coal companies and utility
affiliates) who have asked to invest in the next project phase which will be the FEED
study resulting in an EPC contract and a Power Purchase Agreement This expanded
going forward consortium will provide the equity for and own the completed project The
expanded project ownership group will be in place in the next 60 days.

Schedule
The project schedule consists of the following milestones:

¢ 3 months to complete the licensing document and submit to EFSEC - the
licensing effort is 65 % complete and all information is available from the project
consultants and the Mitsubishi/Fluor Feasibility Study to complete this effort

» 14 months to complete licensing and state of Washington Governor review — by
law, the EFSEC review process has to be complete in a 12 month period on the
assumption of a timely response to questions by the Applicant. At the end of this
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process, a recommendation is made to the Governor and the Governor has up to 2
months to make a decision. The project team is working closely with the various
departments in the state of Washington to keep them up to date of project
activities and design data and to bring them into the process as a partner as
information is developed. This process was used by the existing project team in
the licensing of the 1,300 MW Wallula Natural Gas Power Project in 2002 with
the result that the project was licensed in the stated time and without opposition.

¢ 3 to 6 months to complete agreement for construction financing — the project team
is experienced and will have the information available for review by prospective
power purchasers and financing companies within the required time

* 54 months after notice to proceed for plant operations — the notice to proceed will
be issued after the completion of the FEED Study which is a detailed design and
engineering effort of the project with a complete detailed cost estimate. The Feed
Study will begin at the time of the licensing application submittal to the state of
Washington and be complete by the time of construction financing.
Approximately 44 months ate allocated for on-site construction activities. In
addition, due to the ability to construct many of the gasification modules in Japan
and ship directly to the site by ship/barge, the amount of on-site construction time
and activities are reduced further leading to on-time construction activities. 15
months ate allowed for the FEED Study effort duting which time negotiations

 will be performed for the EPC contract with the Mitsubishi/Fluor team. It should

be noted that technology licensors, major equipment suppliers, and selected
contractors for the IGCC plant and offsite facilities have been selected and are
engaged in project development activities

The above schedule would result in the project achieving substantial completion in mid
2014,

Estimated Amount of Department of Energy Contribution

Incremental costs of CCS technology as estimated by Mitsubishi/Fluor are itemized as
follows:

Acid gas removal system (Selexol) $193,000,000
CO2 compressors and drying system $ 50,000,000
CO2 collection, distribution and injection system $ 25,000,000
Site preparation $ 2,680,000
Construction Management and Engineering $ 29,480,000
Other costs (fransportation, vendor reps and erection services,

warranty, custom and import duties) $ 13,400,000
Contractor base fees $ 5,360,000
Contingency $ 13.400,000
Total $332,320,000
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Technological, Financial and Legal Issues/Barriers

There is one technological barrier that would preclude WERC from qualifying for the
restructured apptoach to FutureGen. The WERC project has selected 65 percent CO2
sequestration versus the FutureGen requirement of 90 percent. As noted above, the 65
percent CO2 sequestration was based on the need to reduce project 1isks and improve
project economics to compete with natural gas-fired combustion technologies. The
project already has a significant risk in the use of a new technology (gasification process)
and cannot withstand the additional risk of a new low Btu hydrogen combustion gas
turbine design which has not been designed and operated for projects of the size under
discussion. The WERC project team selected the combustion gas turbine vendor
(Mitsubishi) with the most experience with low Btu gas firing gas turbines that the 65
percent CO2 sequestration design would require. There is little operating experience with
the 90 percent CO2 sequestration design.

In addition, the IGCC design already has built in efficiency penalties and cost adders for
the gasification process all leading to elevated energy operating costs Reducing the CO2
sequestration levels fiom the 65 peicent level to the 90 percent level only increases the
cost of enetgy production to levels that might not be cost effective with other competing
technologies Care needs to be made to not only make the project technology sound but
also costs competitive in order for this technology to be a part of the future generation
mix in the U S

For the above reasons, the WERC project requests that the 65 percent sequestration
design be considered for the restructured approach to FutureGen

Other Information

It is our understanding that the WERC project is the only project considering CO2
sequestration in basalt This process provides the safest CO2 sequestration design as the
resulting mineralization is a solid carbonate which would be permanently locked in the
basalt formation without the ability to leak back to the surface This has CO2
sequestration implications for other countries such as India where there are large basalt
formations such as in the Pacific Northwest We are advised by Big Sky that the world
wide basalt storage 1esetvoirs can hold up to 600 years of the present wotld’s CO2 annual
releases. The project team is closely working with Big Sky to provide a different
approach to CO2 sequestration that would benefit not only the U.S but other basalt
regions of the world most specifically India.

WERC Project Impact and Significance

When completed the WERC project will set several milestones for the power indusiry,
the U.S and the Pacific Rim, including:

e [irst commercial PRB or sub-bituminous coal fueled IGCC unit of its size
(nominal 700 MW net) in the world
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¢ Fiist commercial IGCC plant opetating on coal to capture CO?2 for sequestiation.

e First to demonstrate storage of CO2 in the vast Western U S, basalt formations

o Largest commercial unit of a gasification combined cycle plant designed to use
PRB coal as feed stock

e First commercial unit of this size in the woild using the unique and efficient
Mitsubishi air blown dry feed, membrane waterwall gasification technology

o The lowest CO; emitting coal fired IGCC plant of this size in the world
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The Need to Demonstrate Post-combustion Capture
Comment on DOE’S restructured approach to FutureGen

By
Gary 1 Rochelle, 512-471-7230, gtr@che utexas.edu
Luminant Carbon Management Program
Department of Chemical Engineering
The University of Texas at Austin
1 University Station  C0400
Austin, TX 78712-0231
March 3, 2008

Summary

In its FOA on the restructured approach to FutureGen, DOE should explicitly allow for a
300 MW demonstration of post-combustion capture on an existing coal-fired power plant
CO, Capture by aqueous absorption/stripping is capable of meeting all the environmental
and performance goals of FutureGen. The cost and timing of such a demonstration will
be competitive with proposals that use IGCC. The demonstrated technology will be

usetful for both new and existing coal-fired power plants.

Luminant Carbon Management Program

The Luminant Carbon Management Program at the University of Texas is focused on the
technical obstacles to the deployment of CO, capture and sequestration from flue gas by
alkanolamine absorption/stripping and on integrating the design of the capture process
with the aquifer storage/enhanced oil recovery process. The objective is to develop and
demonstrate evolutionary imptovements to monoethanolamine (MEA)
absorption/stripping for CO; capture from coal-fired flue gas.

The Luminant Program will provide technical support for one o1 more proposals from our
sponsoring companies to build and operate a 300 MW alkanolamine absotption/stripping
process retiofitted on an existing coal-fired boiler. The Luminant Program will not seek
additional funding from DOE for this technical support

The Luminant program will provide fundamental, modeling, and pilot plant results on
genetic solvent and process alternatives. The scope of effort will inchude solvent
thermodynamics and rates, solvent degradation and management, process configurations
and modeling, and pilot plant testing at 0 2 MW.

The research program includes 15 PhD graduate students, 4 faculty, and 5 professionals
The effort is currently funded for five years by $500,000/yr from Luminant. LS Power is
providing $100,000/yr for three years for the "LS Power Pilot Plant Initiative” of the
Industrial Associates Progtam for CO, Capture by Aqueous Absorption Additional support of
more than $400,000/yr is provided by 17 Industrial Associates in the Program for CO;
capture by aqueous absorption/stiipping and the Luminant Cartbon Management Program,



including 7 process suppliers (Alstom Power, Babcock & Wilcox, Shell Global Solutions,
[FP, Mitsubishi Heavy Industries, Cansolv, URS), 3 users (Southern Company,
RWEnpower, E ON), and 7 others (AspenTech, Chevron, BP, Huntsman Chemical,
CSIRO, Siemens, Battelle)

Background

CO, capture by absorption/stripping with aqueous monoethanolamine (MEA) is the
benchmark technology for addiessing CO; emissions from existing coal-fired power
plants Conventional coal-fired power plants represent a large fraction of the existing
capacity and capacity to be built before advanced power systems can be deployed These
conventional plants cannot be abandoned in any comprehensive strategy to reduce CO,
emissions for global climate change. This technology will also be competitive with
IGCC in new plants burning Texas lignite, Power River Basin, and other lower rank
coals.

T'he MEA process is a derivative of extensively used technology for treating natural gas
and hydrogen It is used commercially in combustion plants with gas rates equivalent to
20 MW There are two commercial suppliers at this scale: Fluor and Mitsubishi.
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sponsors of the Luminant Program

The economics of the first generation MEA technology have not been attractive  The
energy requirement can reduce the power output of a coal-fired plant by as much as 30%.
However, the alternatives for existing coal-fired power plants can be equally unattractive.
Like limestone slutry scrubbing for flue gas desulfurization, aqueous absorption/stripping
for CO; capture is the first technology to receive serious consideration and it will survive
as the primary technology to be used for this application.

The deployment of this technology will require a demonstiation of CO; capture and
sequestration on an absorber module at a commercial scale (100-300 MW), Texashasa
number of existing boilers fired by lignite or PRB that would be excellent sites for such a
demonstration These power plants are located on sites with excellent opportunities for
geologic sequestration.

Performance Reguirements

A retrofit demonstiation of post-combustion capture will meet the environmental goals of
the restructured FutureGen project. CO; capture can exceed 99%, but would be designed
for 80 to 90% on an annual average. SO; 1emoval will exceed 99 99%. NO emissions
will be controlled by selective catalytic reduction Particulate emissions will be
controlled by existing ESP or bag filter facilities in combination with the extensive
gas/liquid contacting 1equired for CO; capturte  Mercury will be controlled by carbon
injection, if necessary implemented with an additional bag filter system.

Post-combustion capture will provide un-matched flexibility and reliability for coal use in
both existing and new power plants. The demonstration can proceed quickly on a large
existing coal-fired boiler with existing environmental controls. A realistic schedule could



allow for start-up of carbon capture and sequestration as early as 2012 The existing
plant will continue to produce power with or without successful operation of the capture
system The capture plant will be designed to be turned off during peak power demand,
so that new capacity will not be requited to replace energy used for the capture system.

A suitable demonstration of post-combustion technology could be as small as 100 MW or
as large as 400 MW. Since most appropriate units will be 800 MW, it may be more
appropriate to consider 200 MW or 400 MW for the demonstration. [t does not make
sense to do 800 MW at this time, but a sequentially scheduled demonstration could start
with 200 MW and add up to 800 MW as the uncertainties are eliminated, funding
becomes available, and legislation mandates full control.

Cost to DOE

The total capital cost of this project will be $200 — 400 million. If the project is installed
at an existing coal-fired power plant with full environmental controls, there will be little
or no capital cost associated with issues other than CO2 capture. Therefore there will be
less uncertainty associated with overall project financing than with the construction of a
new power plant. The loss of power production for operation of the capture system will
cost $20-40/ton CO,. In the absence of legislative mandates for CO; capture, DOE will
need to provide most of both the capital and operating cost. The cost to DOE may be
reduced in proportion to the timing and magnitude of legislative mandates for CO,
capture.
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Response to request for comments on revised FutureGen approach
From:

Nancy C. Mchn

Director, Marketing Strategy

Energy and Environmental Systems Business
Alstom Power, Inc.

Phone: 860 285 5748

Email: nangy.c.mohn@power.alstom.com
Address:

2000 Day Hill Road

Windsor, CT 06095

Alstom Power, Inc.

Alstom Power Inc. welcomes this opportunity to submit its views on the proposed
restructuring of the FutureGen program. America’s long-term energy and economic
security depends on the availability of a strong portfolio of clean, reliable, and economic
technologies for power generation including renewables, nuclear, and clean use of fossil
fuels., Alstom strongly believes that CO; capture and storage is critical to sustainable long-
term energy supply. As such, our company is a global leader in innovative R&D to meet
the technological and economic challenges of capturing CO;. A policy framework that
includes adequate Federal funding for technology demonstrations, coupled with
incentives for early deployment, can help to accelerate commercialization of these
and other crucial technologies that help utilities address CO, restrictions.

Alstom has a 100" year history of providing power generation and environmental control
technologies to the global electric industry. Alstom is a global specialist in energy and
transportation infrastructure with annual sales of over $21 billion. In the US, Alstom has
65 locations in 22 states, including its US corporate headquarters in Windsor, CT. The
company serves the energy market through its activities in power generation, power
transmission and distribution, and power conversion. Alstom offers a comprehensive
range of power generation solutions from turnkey plants to all types of turbine (gas, steam,
hydro) generators, boilers, environmental control products and control systems, as well as
a full range of services including plant modernization, maintenance and long-term
operation.

Looking forward, long-term environmental sustainability places an additional standard for
coal-based power -~ reduced carbon emissions. As a technology innovator, we firmly
believe that carbon reduction, capture and sequestration technologies at competitive costs
are a critical and achievable goal for coal-based power. However, realizing this goal will
not be easy; it will require the combined skills and knowledge of the public and private
sector, working in close cooperation over, at a minimum, the next decade.



o3y 0

In seeking public comment on its proposed revisions to the FutureGen program, DOE
clearly demonstrates it willingness to continue to work closely with industry to develop
these technologies.

Comments to RFI for FutureGen restructuring:

In the recent announcement of intent to restructure the FutureGen project, DOE stated
that the objectives of the revised approach are:
o Place emphasis on gaining early commercial experience validating clean coal
technologies. ...
o Provide the opportunity for international coordination ...
o Build upon current power market trends

In order to effectively meet these objectives, we believe it is essential that DOE expand
the FutureGen program to include demonstration of a porifolio of promising CO2 capture
technologies for combustion-based power. Continuing to restrict the FutureGen program
to carbon capture for IGCC will have the unfortunate conseguence of limiting innovation in
CCS, thus increasing the risk and prolonging the timeline for successful deployment of
CCS technology for the range of US coals and sites

Since the original decision of the FutureGen program to focus on IGCC technology, there
have been significant developments in research in CO2 capture for combustion-based
power including advanced amines, new solvents, oxycombustion and improved concepts
for integration with the steam cycle. These technologies (both post combustion capture
and oxycombustion), have the potential to meet and/or exceed the reliability, emissions
performance, cost competitiveness and operational flexibility of IGCC with capture carbon.
These developments have been recognized by a number of US and international
organizations, including EPRI, the IEA, Canadian Clean Power Coalition and others,
resulting in a steady expansion in lab and pilot scale testing of new capture technologies
for combustion, and strong interest in the design of first of kind larger scale
demonstrations by utilities and independent power producers. DOE’s technical and
project management skills would be highly beneficial to moving these technologies to
commercial deployment.

It is also important to note that the Coal Utilization Research Council (CURC) has
prepared a CCS technology roadmap, with input and consensus from a range of industry
stakeholders. This roadmap defines both the content and timeline of RD&D needs to
bring a portfolio of advanced coal technologies to commercialization. The CURC roadmap
also endorses the need to expand beyond the original FutureGen IGCC technology
platform to include both gasification and advanced combustion CCS technologies in
programs to encourage early movers and first of kind commercial applications.

At the same time, there is growing recognition that the application of gasification to
Western fuels and higher elevation sites will require further R&D to determine actual costs
and performance capabilities. With the need to evaluate and prove basic gasification
technology for Western fuels and to demonstrate reliability and cost of gasification on all
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fuels, it will be difficult if not impossible for the US to meet the goal of rapidly moving
forward commercial options for carbon capture if technologies for combustion units are not
included in the FutureGen program.

Expanding the FutureGen program to include capture technologies for combustion would
also strongly support the goal of increased international coordination. Current market
trends for new coal power generation are incorporating advanced coal combustion power
plants utilizing supercritical and ultra supercritical steam cycles. High efficiency
supercritical/ultra supercritical plants represent the majority of actual new capacity
additions in the US and Europe, and are a rapidly increasing percentage of new coal plant
orders in China, India, Australia, South Africa, and parts of Asia. By 2010, China alone will
have almost 200,000 MW of new high efficiency supercritical combustion units in
operation. These units present a viable base for the retrofit of CO2 capture, but the
capture technologies must be demonstrated at commercial scale and need the benefits of
cost reduction and performance improvements provided by a robust learning curve before
they can be applied in competitive international markets. The US needs to lead this effort.

If the US is to provide leadership through international cooperation, CO2 capture
technologies for combustion plants are a necessity. Projects to demonsirate post
combustion capture and oxycombustion have recently been announced in the UK,
Germany, Australia and Canada. Joint programs to demonstrate and deployment capture
for combustion plants (similar to that executed for the previous FutureGen program) would
likely be welcomed by the international community and would benefit the US and the world
power industry.

Finally, although our comments today are focused on the technical requirements of the
revised FutureGen program, we believe that the CCS program overali will require a
significant commitment of funding beyond what has been applied to date. We encourage
future DOE budgets to address expanded funding for CCS demonstration,
commercialization and integration.

Recommendations for the modification of technical requirements as
proposed for the restructured FutureGen program.

In parallel with the recommendation for expansion of the restructured program to
incorporate advanced combustion technologies with CO2 capture and storage, it is
important to review the technical specifications proposed in the RFI for applicability to the
range of technologies.

Support for post combustion capture and oxycombustion technologies is well matched to
the stated program goals of demonstrating ‘the effectiveness, safety, monitoring and
permanence of carbon sequestration (with the requirement of an annual 1 million metric
tons for sufficient scale for storage menitoring and quantification), verification of
commercially-accepted operability and reliability standards, producing the technical and
economic data needed for these types of plants to gain acceptance. . developing
information necessary to estimate future costs of CO2 management and finally, ...
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demonstrating the practical reality of CCS for coal-based power plants operated on
different coals and at different US locations.” Advanced combustion with CCS is aligned
with these goals, as well as the requirements specified for conventional emissions.

However, there are technical requirements that should be modified to incorporate the
portfolio of technologies.

o Required size of demonstrations

The RFI includes requirements on capture plant size, specifically, ‘demonstrate
approximately 90 percent CO2 capture and storage on one nominal 300 MW train
which are not logical for application to advanced combustion units. IGCC projects are
designed as ‘trains’, i ., multiple modules of gasifiers and gas turbines, primarily due to
the size limitations of commercially available gas turbines and current scale-up
experience with gasifiers.

However, advanced combustion plants do not have comparable equipment restrictions;
units can (and have) been built as single ‘trains’ up to 1100 MW. On the other hand,
CO2 capture processes for advanced combustion need to progress through a well-
managed scale-up of modules (similar to the necessary scale-up for CCS on IGCC); it
is expected that 200-300 MW would be the range of first commercial designs for post
combustion capture. A requirement to build 90% first of kind CO2 capture into a new -
800-1000 MW combustion unit would require multiple modules (trains) of post
combustion capture technology. . essentially having to duplicate the first of kind project
multiple times on the same new power plant.... clearly an inefficient use of incentives,
research $$, etc. In fact, the quantity of CO2 produced by high capture levels on a full
800 MW plant would likely exceed the scale of first of kind sequestration demos,
making siting and integration of sequestration at this scale difficult.

The logical coroliary to ‘CO2 capture and storage on one nominal 300 MW train for
IGCC technology’ would be to require combustion based technology to accomplish
‘CO2 capture from a quantity of flue gas equivalent to 200-300 MW or to capture at
least 1 million metric tons of CO2/yr. The latter requirement (1TMMT/yr) would ensure
that the capture system provides sufficient scale of COZ2 for storage demonstrations
while allowing for a first of kind capture system at a technically reasonable scale. A
capture ‘train’ on 200-300 MW of flue gas equivalent from an advanced combustion unit
would allow evaluation of key design elements, liquid/gas contact surface designs,
optimization of reaction kinetics, material and mechanical design improvements, etc.
Following the demonstration, additional capture trains with next generation
improvements can be added to the remaining flue gas to reach the goal of 90% total
CO2 capture

Ultimately, given the limitations of the CURRENT YEAR program budget, the objective
of advancing storage technology may be better served by having more locations
evaluated with less CO; injection, as long as the injection quantity is substantial (e.g.,
500,000 TPY instead of 1,000,000). This option should be considered to increase the
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number of projects funded in order to broaden both technology and storage options to
be evaluated. In subsequent fiscal year budgets, the DOE request should take into
account the true scale of funding needs to accelerate this deployment and testing.

o Requirement for 90% CO2 capture.

The stated requirement of 90% capture is clearly the commercial goal for all capture
technologies applied to both combustion and gasification; it is expected that this goal
will be reached as experience is gained with design and operation. However, it is more
reasonable to expect performance of the first generation of commercial capture
systems to be in the 65 —80% range for initial applications and to allow for
improvements to the next generation to reach 90% capture. This development path is
similar to industry experience with other environmental processes such as wet FGD.

As a practical matter, if the cost and or risk of implementing these first-of-a-kind systems
greatly exceed the value of the incentive, industry will not build the units with CCS. This
negates the purpose of having the incentive to gain near-term experience with these
advanced technologies. In our discussions on CCS technologies with utility leaders, we
have consistently heard from them of the importance of an improved CCS program to help
address the need for both pilots/demonstrations as well as incentives for first of kind early
adopters. The DOE role is important to reduce the risk premium that must be paid in ALL
CCS technologies [t is important to find methods within this program to drive first
generation technologies to commercial application, accepting that it may be too costly to
optimise all aspects of performance untif the technology is more mature. We must begin
and learn by doing, rather than place initial performance hurdles so high that we
discourage those with the courage to be the first movers of CCS technology.

Ultimately, the Revised FutureGen program success will be dependent on continued long-
term dialogue and cooperation between DOE, utilities, technology suppliers, environmental
organizations, regulatory bodies, and public stakeholders. We thank DOE for the
opportunity to provide our comments.
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