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Executive Summary:. CCT Program Update 1998

liguid fuels by removing pollutants or their precursors.Y  Tidd PFBC Demonstration Project (The Ohio Power
. ; ; ; Company)—1991 Powerplant Award presentedPbyer
Introductlon Las_tly, new te_chn.olog|es_ were introduced |r_1to the magazine
major coal-using industries to enhance environmental

The Clean Coal Technology Demonstration Pro- Performance. Thanks in part to the CCT Program,
gram (CCT Program), a model of government and coal—abundant, secure, and economical—can conti
industry cooperation, responds to the Department of in its role as a key component in the U.S. and world
Energy’s (DOE) mission to foster a secure and reliabl@n€rgy markets.
energy system that is environmentally and economical-
ly sustainable. With 23 of the 40 active projects havinn
completed operations, the CCT Program has yielded
clean coal technologies (CCTs) that are capable of Role of the CCT Program
meeting existing and emerging environmental regula-
tions and competing in a deregulated electric power
marketplace.

The CCT Program is providing a portfolio of
technologies that will assure the U.S. recoverable co
reserves of 274 billion tons can continue to supply thé‘ation’S economy and global competitiveness. In

nation’s energy needs economically and in an environt996, over half of the nation’s electricity was produced
mentally sound manner. As the new millennium ap- with coal and projections by the Energy Information

proaches, many of the clean coal technologies have Agency (EIA) predict that coal will continue to domi-

realized commercial application. Industry stands readiit€ €lectric power production well into the first
to respond to the energy and environmental demandSiRTer of the 21st century. However, there is also a
the 21st century, both domestically and internationall)neecj to use U.S. coal resources in an environmentall ;
For existing power plants, there are cost effective  '€SPonsible manner. The CCT Program responds to g
environmental control devices to control sulfur dioxidd©th of these needs. _

(SO), nitrogen oxides (NQ, and particulate matter The CCT Program was established to demonstra

(PM). Also ready are a new generation of technologidd® commercial feasibility of CCTs to respond to a
that can produce electricity and other commodities, growing demand for a new generation of advanced

such as steam and synthetic gas, and provide the efﬁ_coal—based technologies characterized by enhanced

ciencies and environmental performance responsive {3P€rational, economic, and environmental perfor- o -
: mance. The first solicitation (CCT-I) for clean coal o ) ‘
global climate change. The CCT Program took a ( ) A Tampa Electric Integrated Gasification Combined-Cycle

pollution prevention approach as well, demonstrating Pro/€cts r_esulted ina broad range of projects being  project (Tampa Electric Company)—1997 Powerplant
technologies that produce clean coal-based solid angSelected in four major product markets—environmentalward presented bfowermagazine

Coal Technologies Respond to NeedCoal
accounts for over 94 percent of the proven fossil
energy reserves in the United States and supplies the
Egulk of the low-cost reliable electricity vital to the

Program Update 1998 ES-1



control devices, advanced electric power generation, ing with integrated gasification combined cycle
coal processing for clean fuels, and industrial (IGCC). With a January 1, 2000 deadline quickly
applications.

The second round of solicitations (CCT-II) be-
came the centerpiece for satisfying the recommenda-industry meet the more stringent Snission limits.
tions contained in the Joint Report of the Special
Envoys on Acid Rain (1986). The goal was to demonSQ, limitations or exceeding them to generatg, SO
strate technologies that could achieve significant

sion limits for Group 1 boilers. Group 2 boilers in-
clude cell-burner, cyclone, wet-bottom wall-fired, and

approaching for Phase Il of Title IV, the CCT Progranvertically-fired boilers. The CCT Program has demon-
has developed a portfolio of technologies that will helgtrated NQemission techniques that are applicable to

all of these boiler types. Furthermore, these technolo-

Unit operators now have several options for meeting gies are not only applicable to Phase I and I| NO

emission reductions, but can be used in ozone nonat-

credits that can be sold in the emissions credit marketainment areas to make deeper cuts in,N@ich is a

reductions in the emissions of precursors of acid rain,Furthermore, these S@duction technologies may be precursor to ozone.

namely SQand NQ. The third round of solicitations important in meeting new requirements for PM
(CCT-Ill) furthered the goal of CCT-Il and added
technologies that could produce clean fuel from run-ofer) because some sulfur species are alsp.PM
mine coal.

The fourth and fifth solicitations (CCT-IV and for reductions in NQemissions. Phase | of the NO

The issue of ozone nonattainment has recently

(particulate matter 2.5 microns and smaller in diame- taken on new proportions as EPA has issued a “SIP

Call” to 22 states and the District of Columbia to take

In addition to SQreductions, Title IV also called action to reduce regional transport of pollutants that

contribute to ozone nonattainment in the Northeast.

CCT-V, respectively) recognized emerging energy angrovisions of Title IV requires reductions from the so-The SIP Call requires the 23 affected jurisdictions to

environmental issues, such as global climate change called Group 1 boilers—tangentially-fired and dry-
and capping SQemissions, and thus focused on

revise their state implementation plans (SIP) to reduce

bottom wall-fired boilers. The Environmental Protec- NO, emissions 85 percent below 1990 rates or achieve

technologies that were capable of addressing these tion Agency (EPA) used data developed during the a 0.15 Ib/18Btu emission rate by May 2003. In

issues. CCT-IV called for energy efficient economicalCCT Program in establishing the Némission stan-
ly competitive technologies capable of retrofitting, ~ dards. Under Phase I, EPA established Bi@ission

addition, EPA has tightened the New Source Perfor-
mance Standard (NSPS) for electric and industrial

repowering, or replacing existing facilities, while at thdimitations for Group 2 boilers and reduced the emis- boilers built or modified after July 9, 1997. The CCT
same time significantly reducing $@nd NQ emis-

: -~ ; : Y  Demonstration of Innovative Applications of Tech-
sions. CCT-V focused on technologies applicable to nology for the CT-121 FGD Process Project (Southern

Company Services, Inc.)—1994 Powerplant Award
presented bjPowermagazine

new or existing facilities that could significantly im-
prove efficiency and environmental performance.
Coal Technologies for Environmental Perfor-
mance Even before enactment of the Clean Air Act
Amendments of 1990 (CAAA), the CCT Program wasj
cognizant of the changes in electric power generation
that would likely be caused by the statute. Several
projects in the CCT Program were implemented at
units designated as Phase | units in Title IV of the
CAAA, which were required to meet S@ductions by
January 1, 1995. The CCT Program projects at Phag
units successfully reduced S@€missions using ad-
vanced flue gas desulfurization (AFGD) and repower

ES-2 Program Update 1998

Program has demonstrated several advanced electric
power generation technologies that can be used to meet
the new requirements or exceed the requirements to
produce NQcredits that could be sold to unit opera-
tors unable to meet the requirements. Furthermore, an
environmental controls database has been developed
that provides a foundation for meeting the increasingly
stringent standards for existing units.

Air toxics is another important area of environ-

Title | of the CAAA, EPA is responsible for determin-
ing the hazards to public health posed by 189 identified
hazardous air pollutants (HAPs). The CCT Program
made a significant contribution to a better understand-
ing of potential HAPs from power plant emissions by



monitoring HAPs from CCT Program project sites. Coal Technology for the Future The Depart-
The results of these and other studies have significanthent of Energy’s Office of Coal and Power Systems g
mitigated concerns about HAP emissions from coal- (OC&PS) Research, Development, and Demonstratiof
fired power plants and focused attention on only a feyRD&D) Program is building on the CCT Program to
flue gas constituents. develop a “Vision 21 PowerPlex.” This Vision 21
The CCT Program is also cognizant of concerns PowerPlex is a modular facility using a multiplicity of
about global climate change. Clean coal technology, fuels to produce a variety of commodities (electricity,
such as IGCC, being demonstrated in the CCT Programam, fuels, and chemicals) at efficiencies exceeding

(GHG) by as much as 25 percent with first generationPowerPlex systems will build upon the clean coal

systems through enhanced efficienGommercializa- technologies and attendant databases developed in the

™
g X ) . . -
offers utilities an option to reduce greenhouse gases 60 percent and with near zero emissions. Vision 21 -r‘m__._

3

tion of atmospheric fluidized-bed combustion (AFBC) CCT Program in meeting the goals established for thek  Advanced Flue Gas Desulfurization Demonstration

and pressurized fluidized-bed combustion (PFBC) wilR1st century.
also serve to reduce GHGs.
Coal Technologies for Competitive Perfor-
mance As the electric generation market moves from
a regulated industry to a free market, the CCT Prograp? rogram |mp|ementati0n
has kept pace with the changes. Whether the changes

are brought about by the federal government through Implementation Principles. There are 10 guiding

existing or new legislation or by state governments, thgrinciples that have been instrumental in the success of '

CCT Program is demonstrating the first generation ofthe CCT Program. These are:
many technologies that will be needed in a competitive
power generation market. These new technologies will
be far more efficient than existing plants and environ-
mentally benign.

Coal Technologies to Sustain Economic
Growth. Itis in the nation’s interest to maintain a
diverse energy mix to sustain domestic economic
growth. The CCT Program is contributing to this
interest by developing and deploying a technology « demonstrations conducted at commercial scale
portfolio that enhances the efficient use of the United
States’ abundant natural resource while simultaneously
achieving important environmental goals. The ad-
vancements in use of coal resulting from the CCT
Program will reduce dependance on foreign energy
resources and create an international market for these
new technologies.

» strong and stable financial commitment for the
life of the project, including full funding of the
government’s share of the costs;

» multiple solicitations spread over a number of
years, enabling the CCT Program to address a
broad range of national needs with a portfolio
of evolving technologies;

in actual user environments, allowing clear
assessment of the technology’s commercial
potential;

» atechnical agenda established by industry, not
the government, enhancing commercialization
potential;

Project (Pure Air on the Lake, L.P.)—1993 Powerplant
Award presented biyowermagazine.

clearly defined roles of government and
industry, reflecting the degree of cost sharing
required;

a requirement for at least 50 percent cost
sharing throughout all project phases, enhanc-
ing participant’'s commitment;

an allowance for cost growth, but with a ceiling
and cost-sharing, recognizing demonstration
risk and providing an important check-and-
balance to the program;

industry retains real and intellectual property
rights, enhancing commercialization potential,

a requirement for industry to commit to
commercialize the technology, reflecting
commercialization goals; and

a requirement for repayment up to the
government’s cost share upon successful
commercialization of the technology being
demonstrated, reflecting DOE policy.

Program Update 1998 ES-3



Implementation Process Public and private Commitment to Commercial Realization The  to regulatory compliance, forging plans for meeting
sector involvement is integral to the CCT Program  CCT Program has focused on achieving commercial future energy and environmental demands, and devel-
process and was crucial to the program’s success. realization since the program’s inception. All five oping the next generation of technologies responsive to
Environmental concerns are publicly addressed solicitations required the potential participant to ad- ever increasing demands on environmental perfor-
through the process instituted under the National dress the commercial plans and approaches to be usethnce at competitive costs. Three major drivers will
Environmental Policy Act (NEPA). Through program-by the participant to achieve full commercialization of affect implementation of the CCT Program—environ-
matic environmental assessments (PEAS), environmehe proposed technology. The cooperative agreememhental concerns, utility restructuring, and the interna-
tal impact statements (EISs), project specific Environcontained balanced provisions that provide protectiortional market—because of their impact on market entry
mental Assessments (EAs) and EISs, and other NEPfor intellectual property but required the participant toand deployment of clean coal technologies.
documents, the public is able to comment and have make the technology available under license on a Environmental concerns include regional NO
their comments addressed before the projects proceetbndiscriminatory basis. transport impacting ozone nonattainment areas, PM
to implementation. In addition, environmental moni- Solicitation Results Each solicitation was issued and global climate change. Utility restructuring from a
toring programs are required for all projects to address a Program Opportunity Notice (PON)—a solicita- regulated industry to a market-based industry will
non-regulated pollutant emissions. tion mechanism for cooperative agreements where theequire new clean coal technologies to be cost effective

As to the solicitation process, Congress set the program goals and objectives are defined, butthe  and have a technological risk comparable to conven-
goals for each solicitation. The Department of Energyechnology is not defined. The procurements followedional technologies. The international market shows
translated the congressional guidance into perfor-  specific statutory requirements that would eventually the greatest near-term market potential for clean coal
mance-based criteria and developed approaches to lead to a cooperative agreement between DOE and thechnologies. With more than 50 percent future de-
address “lessons learned” from previous solicitationsparticipant. The result was a broad spectrum of tech-mand for new generation between now and 2010
The criteria and solicitation procedures were offered nologies involving customers and stakeholders from atbming from Asia, there is a tremendous market poten-
for public comment and presented at pre-proposal market segments. In sum, 211 proposals were submiial for clean coal technologies that can use indigenous
conferences. The solicitations were objectively evaluted and 60 of those were selected. As of September fuels.
ated against the pre-established criteria. 1998, a total of 40 projects have been completed or are

Projects are managed by the participants, not thecurrently active. These 40 projects are spread across
government. However, to protect the public interest, the nation in 18 states.

safeguards are implemented to track and monitor Future Implementation Direction. The future Funding and COStS
project progress and direction. The Department of  direction of the CCT Program focuses on completing
Energy interacts with the project at key negotiated the existing projects as promptly as possible and Program Funding. Congress has appropriated a

decision points (budget periods) to approve or disap-assuring the collection, analyses, and reporting of thefederal budget of $2.3 billion for the CCT Program.
prove continuance of the project. Also, any changes toperational, economic, and environmental performan&®@r the 40 completed and active projects, the partici-
cost or other major project changes require DOE  results that are needed to affect commercialization. I@ants have contributed $3.7 billion dollars for a com-
approval. In addition to formal project reporting FY1999, the Clean Coal Diesel Demonstration projecbined commitment of more than $5.6 billion. By law,
requirements, an outreach program was instituted to is scheduled to begin operations. Five projects are DOE's contribution can not exceed 50 percent of the
make project information available to customers and scheduled to complete operations in FY1999. total cost of any project. However, industry has
stakeholders. ThiBrogram Update 1998 only one The body of knowledge obtained as a result of thétepped forward and cost shared an unprecedented 66
of the many public reports made available through th&€CT Program is being used in decisionmaking relativeercent of the project funding.

outreach program.
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Congress has provided CCT Program funding forsets of recoupment rules because of lessons learnedgies. Both wet and dry lime- and limestone-based

all five solicitations through appropriation acts and  from prior solicitations.
adjustments. Additional activities funded by the CCT

Program are the Small Business Innovation Research

Program and the Small Business Technology Transfe.

Program. Funding is also provided for administrationCCT Program

and management of the CCT Program. Use of appro-Accomp”ShmentS

systems were demonstrated to achieve a range of SO
capture efficiencies of 50 to 99 percent. All five of the
SO, control technology demonstrations have success-
fully completed operations.

For NQO, control technologies, two basic approach-
es were used: (1) combustion modification techniques

priated funds are controlled and monitored using a using low NQ burners and reburning systems, and (2)
variety of financial management techniques. The full Marketplace Commitment. The success of the post-combustion techniques using selective catalytic
government cost share specified in the cooperative CCT program ultimately will be measured by the reduction (SCR) and selective non-catalytic reduction
agreement is considered committed to each project; contribution the technologies make to the resolution ofSNCR) systems. These NCbntrol techniques were
however, DOE obligates funds for the project in increenergy, economic, and environmental issues. These applied in a variety of combinations on a variety of
ments by budget period. This procedure reduces thecontributions can only be achieved if the public and boilers, which are representative of 90 percent of the
government'’s financial exposure and assures that DQffivate sectors understand that clean coal technologigse-NSPS boilers, i.e., those boilers built before NSPS
fully participates in the decision to proceed with eachcan increase the efficiency of energy use and enhanceere imposed by the Clean Air Act of 1970. The result
major phase of project implementation. environmental performance at costs that are competi-of the NQ control technology demonstrations is a

Cost Sharing As stated above, DOE’s contribu- tive with alternative energy
tion can not exceed 50 percent of the total cost of anyoptions. The CCT Program Exhibit ES-1
prolect.. This cost sharing is required for all phas.es ofs orgam.zed fr.om a market Completed Projects by Application Category
the project. The federal government may share in  perspective with projects
project cost growth (which, by its very nature, is likelyplaced in four major product
to happen for any demonstration project) up to 25  lines—environmental control

Number of Projects

- . . . ) Application Category Completed Total
percent of the original project cost. The participant’s devices, advanced electric Operations
contributions must occur as expenses are incurred argbwer generation, coal
can not be delayed based on forecasted revenues, processing for clean fuels, Environmental Control Devices
proceeds, or royalties. Also, prior investments in and industrial applications. A SO, Control Technology 5 5
facilities by participants can not count towards the  summary of the number of NO, Control Technology
participant’s share. projects having completed Combined SGNO, Control Technology

Recovery of Government Outlays (Recoup- operations by category is
ment). The policy objective of DOE is to recover an shown in Exhibit ES-1.
amount up the federal government's financial contribu-  The first major product
tion to each project when a technology is successfullyline, environmental control
commercialized. Participants are required to submit @evices, is subdivided into
plan outlining a proposed schedule for recoupment. three groups—Sg@control
Each of the five solicitations have featured different technologies, NQcontrol

technologies, and combined
SO/NO, control technolo-

Advanced Electric Power Generation
Fluidized-Bed Combustion 2 5
Integrated Gasification Combined Cycle

Advanced Combustion/Heat Engines 0 2
Coal Processing for Clean Fuels
Industrial Applications

Total

2 5
2 5
23 40

Program Update 1998 ES-5



portfolio of technologies that can be used to address For fluidized-bed combustion, two approaches mine the least-cost option for available coals. Two of
today’s pressing environmental concerns, e.g., ozonewere used: atmospheric fluidized-bed combustion  the five coal processing for clean fuels projects are
Six of the seven N(rontrol technology demonstra- ~ (AFBC) and pressurized fluidized-bed combustion  complete.
tions have successfully completed operations. (PFBC). The two AFBC projects demonstrated inthe A summary of the results of the completed coal
Six of the seven combined VO, control CCT Program used a circulating-bed, as opposed to grocessing for clean fuels projects can be found in
technology demonstrations have successfully complebubbling-bed, operating at atmospheric pressure to
ed operations. The demonstrations tested a multiplicigenerate steam for electricity production. One projec
ty of complementary and synergistic control methods is complete and the other project is ongoing. There g
to achieve cost-effective S@nd NQ emission reduc- three PFBC projects in the CCT Program. One PFBG
tions. A summary of the results of the completed project used a bubbling-bed operating at 16 atmo-
environmental control device projects can be found inspheres to generate steam and drive a gas turbine in
Exhibit ES-2. The commercial successes of the envi-combined-cycle mode. Two ongoing interrelated

The second major product line, advanced electricl3 atmospheres, also in a combined-cycle mode.
power generation, is subdivided into three groups—(1)  Three of the four integrated gasification combined
fluidized-bed combustion, (2) integrated gasification cycle demonstration projects are in various stages of | =
combined-cycle, and (3) advanced combustion/heat operation. A fourth project is in the design stage. Th :
engines. These technologies can be used for repowdGCC projects represent a diversity of gasifier types, |8 it 4 .
ing existing generation and new generation. cleanup systems, and applications. A Wabash River Coal Gasification Repowering Project

. Two projects are demonstrating advanced cpmb é331?2?51\836C:§Jv§2)3|$3a2\?v2erepﬁz\éveerzltg%mjeerm Joint
tion/heat engine technology. One uses an entrained p,59a7ine
(slagging) combustor and the other uses a heavy dut
diesel fired on a coal-water fuel. Both of these projeq
are ongoing.

A summary of the results of the completed ad-
vanced electric power generation projects can be fou
in Exhibit ES-4. The commercial successes of these |
projects can be seen in Exhibit ES-5.

For the third major product line, coal processing
for clean fuels, there are five projects. Three projects
are using chemical and physical processes to transfo
raw coal into an environmentally compliant fuel.
Another project is using coal to produce methanol fro

A Development of the Coal Quality Expert™ Project | ) ] o i
(ABB Combustion Engineering, Inc., and CQ Inc.)—1996 coal-derived synthesis gas. A fifth project in this

recognized by Secretary of Energy and EPRI as one of besproduct line is a software program used to assess theg
cost-shared utility projects.

A Full-Scale Demonstration of Low-N@ell Burner

etrofit Project (The Babcock & WiIcoxXComQQn—1994
environmental and operational performance and deteR&D 100 Award presented BR&D magazine.
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Summary of Results of Completed Environmental Control Technology Projects

Exhibit ES-2

Project and Participant

Key Results

Capital Cost

SO, Control Technology

10-MWe Demonstration of Gas Suspension Absorption
(AirPol, Inc.)

Confined Zone Dispersion Flue Gas Desulfurization
Demonstration (Bechtel Corporation)

LIFAC Sorbent Injection Desulfurization Demonstration
Project (LIFAC—North America)

Advanced Flue Gas Desulfurization Project
(Pure Air on the Lake, L.P.)

Demonstration of Innovative Applications of Technology
for the CT-121 FGD Process (Southern Company
Services, Inc.)

Gas suspension absorption (GSA)/electrostatic precipita- $149/kW for GSA, (2-6% sulfur coal) ($216/kW for

tor (ESP)—SQremoval efficiency of 90% at Ca/S molar
ratio of 1.4, 18 °F approach to saturation, and 0.12%
chloride

GSA/pulse jet baghouse—S@moval efficiency 3-5%
greater than GSA/ESP (3.0% sulfur bituminous coal)

SO, reduction of 50% (1.2-2.5% sulfur bituminous coal)

SO, removal efficiency of 70% at 2.0 Ca/S molar ratio
(2.0—2.8% sulfur bituminous coal)

SO, removal efficiency of 95% or more at availabilities
of 99.5% when operating on 2.0-4.5% sulfur bituminous
coal

Maximum SQ removal efficiency of 98%

Over 3-year demonstration, 237,000 tons of SO
removed while producing 210,000 tons of gypsum

Gypsum purity—97.2%
Power consumption—5,275 kW (61% of expected)
Water consumption—1,560 gal/min (52% of expected)

SO, removal efficiency of over 90% at S@let
concentrations of 1,000-3,500 ppm

Particulate removal efficiency of 97.7-99.3% at inlet
mass loadings of 0.303-1.392 Ik Ku

Produced wallboard-grade gypsum as a by-product

Fiberglass-reinforced-plastic equipment—chemically and
structurally durable; eliminating the need for a flue gas
prescrubber and reheat

conventional wet limestone forced oxidation) (19904

Less than $30/kW at 500 MWe (4% sulfur coal)

$66/kW for two reactors (300 MWe); $76/kW for ong
reactor (150 MWe); $99/kW for one reactor (65 MWg

$210/kW at 100 MWe; $121/kW at 300 MWEe;
$94/kW at 500 MWe (3.0% sulfur coal) (1995%)

~

Not yet available
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Exhibit ES-2 (continued)

Summary of Results of Completed Environmental Control Technology Projects

Project and Participant

Key Results

Capital Cost

NO, Control Technology

Demonstration of Coal Reburning for Cyclone Boiler
NO,_ Control (The Babcock & Wilcox Company)

Full-Scale Demonstration of Low-N@ell Burner
Retrofit (The Babcock & Wilcox Company)

Evaluation of Gas Reburning and Low-N&urners on a
Wall-Fired Boiler (Energy and Environmental Research
Corporation)

Demonstration of Selective Catalytic Reduction
Technology for Control of NOEmissions from High-
Sulfur-Coal-Fired Boilers (Southern Company
Services, Inc.)

180-MWe Demonstration of Advanced Tangentially Fired
Combustion Techniques for Reduction of NEnissions
from Coal-Fired Boilers (Southern Company Services, Inc.)

Demonstration of Advanced Combustion Techniques for
a Wall-Fired Boiler (Southern Company Services, Inc.)

Combined SQ/NO, Control Technology

SNOX™ Flue Gas Cleaning Demonstration Project
(ABB Environmental Systems)

NO, reductions of 52% using bituminous coal and 55%
using subbituminous coal at full load (110 MWe); 36%
and 53%, respectively, at 60 MWe

NO, reductions of 54-58% using bituminous coal at full
load (605 MWe); 48% at 350 MWe

LNB alone (second generation)—37% N@duction,;
GR-LNB (second generation)—64% Nf@duction

(13% gas heat input)

NO, reductions of over 80% at ammonia slip well under
5 ppm

NO, reductions of 37% for LNCFS™ | and Il, and 45%
for LNCFS™ llI, which includes both separated overfire
air and close-coupled overfire air

Using LNB alone, NQemissions were 0.65 Ib/ABtu at
full load, representing a 48% reduction from baseline
conditions (1.24 Ib/10Btu)

Using AOFA only, NQ reductions of 24% below
baseline conditions were achieved under normal long-
term operation, depending upon load

Using LNB/AOFA, full load NQ emissions were
approximately 0.40 |b/E®Btu, which represents a 68%
reduction from baseline conditions

NO, reduction with SCR over 94% at inlet concentrations
of 500—700 ppm

SO, removal efficiency over 95% at inlet concentrations
of 2,000 ppm

Produced salable sulfuric acid by-product

$66/KW at 110 MWe; $43/kW at 605 MWe (1990$)

$9/kW at 600 MWe (1994%)

Approximately $15/kW for gas reburning, plus gas
pipeline cost (1996%)

Levelized cost at 80% N®eduction—
2.79 mills/kWh or $2,036/ton of NOemoved (1996%)

LNCFS 1—$5-15/kW (1993$)
LNCFS II/ll—$15-25/kW (1993%)

Capital cost for a 500 MWe wall-fired unit is $8.8/kW
for AOFA alone, $10.0/kW for LNB alone, and
$0.5/kwW GNOCIS

Estimated cost of NOemoval is $86/ton

$305/kW at 500 MWe (3.2% sulfur coal) (1995%)

ES-8
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Exhibit ES-2 (continued)
Summary of Results of Completed Environmental Control Technology Projects

Project and Participant Key Results Capital Cost

LIMB Demonstration Project Extension and Coolside SO, removal efficiency (3.8% sulfur coal, Ca/S molar ratio  LIMB—$31-102/kW (100-500 MWe)
Demonstration (The Babcock & Wilcox Company) of 2.0): Coolside—$69-160/kW (100-500 MWe)
LIMB—53-61% for ligno lime, 51-58% for calcitic lime
Coolside—70% for hydrated lime

NO, reduction of 40-50%
SO-NO-Rox Box™ Flue Gas Cleanup Demonstration SO, reductions of 80-90% using 3-4% sulfur bituminous ~ $233/kW at 250 MWe (3.5% sulfur coal and inlet

Project (The Babcock & Wilcox Company) coal, depending on sorbent and conditions NO, level of 1.2 Ib/10Btu) (1994%)
NO, reduction of 90% with 0.9 N}NO, ratio
Enhancing the Use of Coals by Gas Reburning and Hennepin—NQ reduction of 67% avg with 18% gas input; $15/kW for gas reburning, plus gas pipeline cost

Sorbent Injection (Energy and Environmental Research SO, removal efficiency of 53% at 1.75 Ca/S molar ratio $50/kW for sorbent injection

Corporation) Lakeside—NQ reduction of 66% avg and S@ductions
of 58% during extended continuous combined (GR-SI)
runs at 29 MWe, about 22% gas input, and 1.8 Ca/S molar

ratio
Milliken Clean Coal Technology Demonstration Project  The maximum SQremoval demonstrated has been 98% Not yet available
(New York State Electric & Gas Corporation) with all seven recycle pumps operating and using formic

acid. The maximum S@emoval without formic acid has

been 95%

Testing of the LNCFS™ Il indicated N@missions of
0.39 Ib/16 Btu (compared to 0.61 Ib/1@tu for the
original burners)

Integrated Dry NQJSO, Emissions Control System NO, reduction of 67% avg during long-term testing of gas  Not yet available
(Public Service Company of Colorado) reburning only

NO, reduction of 62—-69% with low-N(burners and
maximum overfire air (50-110 MWe)

NO, reduction of 63% with low-NQburners and minimum
overfire air; steady state conditions

NO, reduction decreased by 10-25% under load following

SNCR obtained NQOreduction of 30-50%, thereby
increasing total NQcontrol system reduction to more than
80%

SO, removal efficiency of 70% with sodium bicarbonate at
normalized stoichiometric ratio of 1.0
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Exhibit ES-3
Commercial Successes—Environmental Control Technologies

Project and Participant Commercialization Progress

LIFAC Sorbent Injection Desulfurization Demonstration Project (LIFAC—North America) Technology retained for commercial sissitat ho
First high-sulfur coal application

10 commercial units in operation or construction (Canada, China, Finland, Russia,
u.s)

10-MWe Demonstration of Gas Suspension Absorption (AirPol, Inc.) Sale of 50-MWe unit to city of Hamilton, OH
— Value—$10 million
Sale to U.S. Army for hazardous waste disposal
— Value—$1.3 million
Sale to Sweden for iron ore sinter plant (no value available)
Sales to Taiwan and India
— Combined value—$33 million
Sale of technical assistance and proprietary equipment to Taiwan
— Value—$1 million

Advanced Flue Gas Desulfurization Demonstration Project (Pure Air on the Lake, L.P.) Technology retained for commerocastssie afitst scrubber to comply with CAAA
installed; Wallboard manufacturer using all gypsum produced

Demonstration of Innovative Applications of Technology for the CT-121 FGD Process Technology retained for commercial usteat host

(Southern Company Services, Inc.) Since the CCT Program demonstration, over 8,200 MWe equivalent of CT-121

capacity has been sold to 16 customers in seven countries

Demonstration of Coal Reburning for Cyclone Boiler NEdntrol (The Babcock & Wilcox Technology retained for commercial use at host site
Company)

Full-Scale Demonstration of Low-N@ell Burner Retrofit (The Babcock & Wilcox Technology retained for commercial use at host site

Company) Seven commercial contracts awarded for 144 burners
— Value—$27 million

Evaluation of Gas Reburning and Low-Ngurners on a Wall-Fired Boiler (Energy and Technology retained for commercial use at host site

Environmental Research Corporation)

Demonstration of Advanced Combustion Techniques for a Wall-Fired Boiler (Southern Technology retained for commercial e at host

Company Services, Inc.) Foster Wheeler has equipped 86 boilers with loweblhology (51 domestic and 35
international)

— Quantity—1,800 burners for over 30,000 MWe capacity
19 GNOCIS neural-network control projects underway
Expect another 17 GNOCIS projects in 1999
Organizations selected to market GNOCIS in U.S. and abroad

and

FGD
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Exhibit ES-3 (continued)
Commercial Successes—Environmental Control Technologies

Project and Participant Commercialization Progress

180-MWe Demonstration of Advanced Tangentially Fired Combustion Techniques Technology retained for commercial use at host site

(Southern Company Services, Inc.) ABB Combustion Engineering has modified 116 coal-fired tangentially-fired boilgrs,
representing over 25,000 MWe, with LNCFS™ and TFS 2000™

SNOX™ Flue Gas Cleaning Demonstration Project (ABB Environmental Systems) Technology retained for commercial use at host site

305-MWe unit operating in Denmark on coal
30-MWe unit operating in Sicily on petroleum coke

LIMB Demonstration Project Extension and Coolside Demonstration Sale of LIMB to independent power project in Canada

(The Babcock & Wilcox Company)

Enhancing the Use of Coals by Gas Reburning Sorbent Injection (Energy and lllinois Power and City Water, Light & Powegastahbaching for commercial us¢
Environmental Research Corporation)

Milliken Clean Coal Technology Demonstration Project (New York State Electric & Gas Four sales of DHR Technologies’ Plant Btissization Advisor

Corporation)

More than 20 NQOUT® or NO, OUT® derivative units sold in U.S, Taiwan, and
Korea

U.S. company, SHN, established to market S-H-U scrubber

Actively pursuing AFGD bid for Pennsylvania site (will include S-H-U process,
Stebbins absorber module, and heat-pipe air preheater)

Integrated Dry NQJSO, Emissions Control System (Public Service Company Technology retained for commercial use at host site

of Colorado) Sales of Babcock & Wilcox DRB-XCLlIow-NO, burners (which are components
of the technology demonstrated)
— Quantity—2,428 burners for 31,467 MWe capacity
— Value—$320 million

Exhibit ES-6. The commercial successes of the coalcommercial successes of these projects can be seendftain feedback on changing needs. This dissemina-
processing for clean fuels projects can be seenin  Exhibit ES-9. tion of information takes the form of printed media,
Exhibit ES-7. Market Communications—Outreach Outreach exhibits, and electronic media. Printed media takes the
The fourth and final major product line is industri-has been a hallmark of the CCT Program since it's  form of newsletters, proceedings, technical papers, fact
al applications. This product line is addressing the inception. Commercialization of new technologies  sheets, program updates, and bibliographies. The CCT
environmental issues and barriers associated with coedquires acceptance by a wide range of interests—  Program currently uses four traveling exhibits of
use in industry. There are five diverse projects in thicustomers, manufacturers, suppliers, financiers, govevarying sizes and complexity that can be updated and
category; two are completed and three are ongoing. Anent, and public interest groups. The CCT Program tailored to specific forums. Electronic media is avail-
summary of the results of the completed industrial  has aggressively sought to disseminate key informati@ble through fax-on-demand, computer bulletin board
application projects can be found in Exhibit ES-8. Th this full range of customers and stakeholders and tsystem, and the World Wide Web. As the 21st century
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Exhibit ES-4
Summary of Results of Completed Advanced Electric Power Generation Projects

Project and Participant Key Results Capital Cost
Tidd PFBC Demonstration Project (The Ohio Power SO, reduction of 90-95% (Ohio bituminous coal, 2-4%  $1,263/kW at 360 MWe (1997%)
Company) sulfur) at 1.1-1.5 Ca/S molar ratio

NO,_ emissions of 0.15-0.33 Ib/ABtu
Particulate emissions of 0.02 Ibf1Btu

Heat rate—10,280 Btu/kWh

Combustion efficiency—99.6%
Commercially viable design

Gas turbine operable in PFBC environment

Nucla CFB Demonstration Project (Tri-State Generation ~ SQ, reduction of 70-95% (up to 1.8% sulfur coal), Approximately $1,123/net kW (repower cost)
and Transmission Association, Inc.) depending on Ca/S molar ratio

NO,_emissions of 0.18 Ib/2®Btu avg

Particulate emissions of 0.0072—-0.0125 IBRfu avg
Heat rate—11,600 Btu/kWh

Combustion efficiency—96.9-98.9%

Commercial viability established

approaches, DOE is making more information avail- The conference focused on “What will it take?” to legislation driven by different rate structures, fuel

able via the World Wide Web. realize the full commercial potential of clean coal mixes, stranded cost implications, and environmental
Feedback is another important part of the outreadlechnologies. policies. Thus, some argue that federal legislation is
program. From public meetings during the PON Panel discussions at the conference identified twoaeeded to provide some consistency in what might
process to open houses at demonstration sites, the Clgakic issues that currently drive future technology  otherwise become an unnavigable maze of implement-
Program stays in contact with customers and stakehott&cisions in the domestic market—environmental ing mechanisms. Whatever the outcome of restructur-
ers. Executive seminars, stakeholder meetings, confeconcerns and utility restructuring. With regard to ing, it will have an impact—positive or negative—on the
ences, workshops, and trade missions are used by thenvironmental concerns, the CCT Program has providdture of clean coal technologies.
CCT Program to disseminate information and obtain ed a portfolio of technologies to effectively deal with An International Business Forum was held at the

feedback. The premier CCT Program outreach eveniacid rain concerns. Challenges remain, however, in conference to identify emerging opportunities for clean
are the annual clean coal technology conferences. Trachieving ozone standards (a Nntrol issue), Pyl coal technologies worldwide. The consensus is that the
Sixth Annual Clean Coal Technology Conference wascontrol, and CQemission reductions. With regard to international market for clean coal technologies has
held in Reno, Nevada from April 28 to May 1, 1998. utility restructuring, some 40 percent of the states aretremendous near-term potential. To capitalize on this
sponsoring conceptually and functionally different ~ market potential requires action to mitigate the higher
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Exhibit ES-5
Commercial Successes—Advanced Electric Power Generation

Project and Participant Commercialization Progress

Tidd PFBC Demonstration Project (The Ohio Power Company) First utility-scale PFBC in U.S.
— Laid foundation for commercialization of PFBC
The first 360-MWe ABB Carbon P800 PFBC plant is being built in Japan
A second generation ABB Carbon P200 PFBC is under construction in Germany
Other ABB Carbon PFBC projects are under consideration in China, South Korea,
the United Kingdom, Italy, and Israel

Nucla CFB Demonstration Project (Tri-State Generation and Technology retained for commercial use at host site
Transmission Association, Inc.) — World's first large utility-scale ACFB
Demonstration commercialized utility-scale ACFB
— Quantity—29 CFB units larger than 100-MWe planned, in construction, or in operatign
worldwide
— Estimated capacity—qgreater than 6,200 MWe
— Estimated value—almost $6 billion

Tampa Electric Integrated Gasification Combined-Cycle Project First greenfield IGCC unit in commercial service

(Tampa Electric Company) Texaco, Inc., and ASEA Brown Boveri signed an agreement forming an
alliance to market IGCC technology in Europe

Wabash River Coal Gasification Repowering Project First repowered IGCC unit in commercial service

(Wabash River Coal Gasification Repowering Project Joint Venture) — World's largest single train IGCC in commercial service

— Preferentially dispatched over other coal-fired units in PSI Energy’s
system because of high efficiency

Pifion Pine IGCC Power Project (Sierra Pacific Power Company) Unit in operation
Healy Clean Coal Project (Alaska Industrial Development and Export Authority) TRW offering licensing of combustor worldwide@@ement in place)
risk and cost of clean coal technologies. Trading and workshops were held in fiscal year 1998. The

mechanisms for Csuch as the 161-nation “Global  forums for the conferences varied from China to WesCCT Projects

Environmental Facility” and others proposed under Virginia to Ukraine. Trade missions during fiscal year

the Kyoto Protocol hold promise for reducing the 1998 included China, Korea, Uruguay, Brazil, Japan, Technology Overview The 40 CCT Program
incremental costs for clean coal technologies, assum-and the Philippines. All of these conferences and tra@epjects provide a portfolio of technologies that will

ing CQ, reduction requirements or incentives are missions were used to endorse and promote the techenable coal to continue to provide low-cost secure

formalized. Fluidized-bed combustion and IGCC nologies demonstrated in the CCT Program. energy vital to the nation’s economy while satisfying

technologies have begun to penetrate the market. energy and environmental goals well into the 21st
In addition to the Sixth Annual Clean Coal century.

Technology Conference, several other conferences
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Exhibit ES-6
Summary of Results of Coal Processing for Clean Fuels

Project and Participant Key Results Capital Cost

Development of the Coal Quality Expert™ CQE™ features: CQE™ package sells for between $75,000 and

(ABB Combustion Engineering, Inc., and CQ Inc.) Fuel evaluator—performs system-, plant-, and/or unit- $100,000

level fuel quality, economic, and technical assessments

Plant engineer—provides in-depth performance evalua-
tions with a more focused scope than provided in the fuel
evaluator

Environmental planner—provides access to evaluation
and presentation capabilities of the Acid Rain Advisor

Coal cleaning expert—establishes the feasibility of
cleaning a coal, determines cleaning processes, and
predicts associated costs

ENCOAL® Mild Gasification Project (ENCOAL The liquid (CDL®) and solid (PDf product fuels have A commercial plant designed to process 15,000-metr|c-
Corporation) been used economically in commercial boilers and ton/day would cost $475 million (2001$) to construct
furnaces and have reduced 2@d NQ emissions with annual operating and maintenance costs of $52
significantly at utility and industrial facilities currently million per year
burning high-sulfur bituminous coal or fuel oils

Almost five years of operating data have been collected
for use as a basis for the evaluation and design of a
commercial plant

As of July 1997, about 260,000 tons of coal had been
processed into 120,000 tons of PDdnd 5,101,000
gallons of CDI®

Environmental Control Devices The environ- systems installed or planned for installation on more emissions far below NSPS; and salable solid and liquid
mental control technologies provide a suite of cost- than 665 MWe of capacity. by-products in lieu of solid wastes. Over 1,800 MWe
effective control options for the full range of boiler Advanced Electric Power Generation To of capacity are represented by 11 projects valued at
types. The 19 environmental control device projects respond to load growth, as well as growing environ- more than $3.1 billion. These projects will not only
are valued at more than $704 million. These include mental concerns, the CCT Program provides a rangeprbvide environmentally sound electric generation in
seven NQemission control systems installed in more advanced electric power generation options for both the mid- to late-1990s, but also will provide the dem-
than 1,750 MWe of utility generating capacity, five  repowering and new power generation. These advaneatstrated technology base necessary to meet new
SO, emissions systems installed on approximately 77@ptions offer greater than 20 percent reductions in  capacity requirements in the 21st century.

MWe, and seven combined 3RO, emission control ~ greenhouse gas emissions;, S0, and particulate
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Exhibit ES-7
Commercial Successes—Coal Processing for Clean Fuels

Project and Participant Commercialization Progress
Development of the Coal Quality Expert™ CQ Inc. and Black & Veatch working collaboratively to commercialize CQE™ worldwide
(ABB Combustion Engineering, Inc. and CQ Inc.) CQE'’s Acid Rain Advisor licensed to two U.S. users

30 U.S. and 1 U.K. utilities acquired CQE™ through EPRI membership

Other foreign and domestic utilities pursuing access to CQE™

CQE technology saves U.S. utilities $26 million

CQE™ Home Page posted on World Wide Web (http://www.fuels.bv.com:80/cge/cge.htm)

Self-Scrubbing Coal™: An Integrated Approach to Clean Air Proposed agreement to purchase 1 million tons/yr in U.S.
(Custom Coals International) Proposed agreement with China to build a coal-cleaning plant, slurry pipeline, and port facility
— Value—$450 million
Letter of intent for three additional pipelines in China
— Value—$3 billion
Letters of intent from Polish utilities for 5 million tons/yr
— Value—$50 million

Advanced Coal Conversion Process Demonstration Total sales of Sym@madlict exceeds 1,400,000 tons
(Rosebud SynCoal Partnership) Agreement in place to provide SynGdakl Montana Power’'s 330 MWe Colstrip No. 2
A commercial project being developed
— Stand-alone minemouth design in Wyoming
ENCOAL® Mild Gasification Project (ENCOAL Corporation) Over 83,500 tons of solid fuel delivered to seven major utilities and negthdusgdomers
Over 200 tank cars of liquid fuel delivered to eight industrial users
Permitting of a 15,000 metric-ton/day commercial plant in Wyoming is nearly complete
— Value—$460 million
Completed five feasibility studies—two Indonesian, one Russian, and two U.S. projects

Commercial-Scale Demonstration of the Liquid-Phase Methanol Nominal 80,000 gallon/day methanol production being used WyHeasttab@ompany
(LPMEOH™) Process (Air Products Liquid-Phase Conversion Company, L.P.)

Coal Processing for Clean FuelsAlso addressed Industrial Processes Projects were undertaken value of nearly $1.3 billion. The projects encompass
are approaches to converting run-of-mine coals to highs well to address pollution problems associated withsubstitution of coal for 40 percent of coke in iron-
energy-density, low-sulfur products. These products coal use in the industrial sector. The problems ad- making, integration of a direct iron-making process
have application domestically for compliance with thedressed include dependence of the steel industry on with the production of electricity; reduction of cement
CAAA. Internationally, both the products and processeoke and the inherent pollutant emissions in coke-  kiln emissions and solid waste generation; demonstra-
es have excellent market potential. Valued at more tharaking; reliance of the cement industry on low-cost tion of an industrial-scale slagging combustor; and
$51 million, the five projects in the coal processing foindigenous, and often high-sulfur, coal fuels; and the demonstration of a pulse combustor system.
clean fuels category represent a diversified portfolio afeed for many industrial boiler operators to consider Project Fact Sheets The core of thi®rogram
technologies. switching to coal fuels to reduce operating costs. TheUpdate 1998s the project fact sheets. Two types of

five industrial applications projects have a combined fact sheets are provided: (1) a brief two-page overview
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Exhibit ES-8
Summary of Results of Industrial Application Projects

Project and Participant Key Results Capital Cost
Advanced Cyclone Combustor with Internal Sulfur, SO, reduction of over 80% with sorbent injection; 58% Not available
Nitrogen, and Ash Control (Coal Tech Corporation) maximum with limestone injection at 2.0 Ca/S molar ratio

NO, emissions of 160-184 ppm (75% reduction)
Slag/sorbent retention of 55—-90% in combustor; inert slag

Cement Kiln Flue Gas Recovery Scrubber SO, reduction of 90-95% (2.5-3% sulfur bituminous $10 million for 450,000 ton/yr wet-process plant (199p$)
(Passamaquoddy Tribe) coal); 98% maximum reduction

NO, reduction of 18.8% avg

Particulate emissions of 0.005-0.007 gr/stavith
loading of 0.04 gr/std ¥t

for ongoing projects or (2) an expanded four-page
summary for projects that have successfully completg¢d Exhibit ES-9
operational testing. The latter contain a summary of Commercial Successes—Industrial Applications
the major results from the demonstrations, as well ag
sources for obtaining further information. Technology project and Participant Commercialization Progress
descriptions, costs, and schedules are provided for gh
projects. A list of the project fact sheets with the Blast Furnace Granular-Coal Injection British Steel granted exclusive marketing rights to technolopy
participant, solicitation, and status is shown in Exhibi System Demonstration Project co-developer, CPC-Macawber
. _— Bethlehem Steel Corporation Commercial sale of technology to United States Steel Corppration
ES-10. A list of the award winning CCT Program ( ] P ) ) 9y _ ) P
iects is sh in Exhibit ES-11 Cement Kiln Flue Gas Recovery Scrubber Technology retained for commercial use at host site
Projects IS shown in EXnIbi o (Passamaquoddy Tribe) Completed feasibility study for Taiwanese cement plant
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Exhibit ES-10
Projects by Application Category

Project Participant Solicitation/Status
Environmental Control Devices

SO, Control Technologies

10-MWe Demonstration of Gas Suspension Absorption AirPol, Inc. CCT-lll/completed 3/p4
Confined Zone Dispersion Flue Gas Desulfurization Demonstration Bechtel Corporation CCT-lll/completed [6/93
LIFAC Sorbent Injection Desulfurization Demonstration Project LIFAC-North America CCT-lll/completed 6/p4

Pure Air on the Lake, L.P.
Southern Company Services, Inc.

Advanced Flue Gas Desulfurization Demonstration Project
Demonstration of Innovative Applications of Technology for the
CT-121 FGD Process

NO, Control Technologies

Micronized Coal Reburning Demonstration for NControl
Demonstration of Coal Reburning for Cyclone Boiler NEontrol
Full-Scale Demonstration of Low-N@kell Burner Retrofit
Evaluation of Gas Reburning and Low-NBurners on a Wall-Fired Boiler
Demonstration of Selective Catalytic Reduction Technology
for the Control of NQ Emissions from High-Sulfur-Coal-Fired Boilers
180-MWe Demonstration of Advanced Tangentially Fired Combustion
Techniques for the Reduction of NBmissions from Coal-Fired Boilers
Demonstration of Advanced Combustion Techniques for a Wall-Fired Boiler

Combined SQ/NO, Control Technologies

Commercial Demonstration of the NOXSO #@00, Removal Flue

Gas Cleanup System
SNOX™ Flue Gas Cleaning Demonstration Project
LIMB Demonstration Project Extension and Coolside Demonstration
SO-NO_-Rox Box™ Flue Gas Cleanup Demonstration Project
Enhancing the Use of Coals by Gas Reburning and Sorbent Injection
Milliken Clean Coal Technology Demonstration Project
Integrated Dry NQSO, Emissions Control System

Advanced Electric Power Generation

New York State Electric & Gas Corporation
The Babcock & Wilcox Company
The Babcock & Wilcox Company
Energy and Environmental Research Corporation
Southern Company Services, Inc.

Southern Company Services, Inc.

Southern Company Services, Inc.

NOXSO Corporation

ABB Environmental Systems
The Babcock & Wilcox Company
The Babcock & Wilcox Company
Energy and Environmental Research Corporation
New York State Electric & Gas Corporation
Public Service Company of Colorado

Fluidized-Bed Combustion

Mcintosh Unit 4A PCFB Demonstration Project City of Lakeland, Lakeland Electric
Mclntosh Unit 4B Topped PCFB Demonstration Project City of Lakeland, Lakeland Electric
JEA Large Scale CFB Combustion Demonstration Project JEA

Shaded area indicates projects having completed operations.

CCT-ll/completed §
CCT-ll/completed

CCT-IV/operational
CCT-ll/completed 12/92
CCT-lll/completed 4/93
CCT-lll/completed
CCT-ll/completed

CCT-ll/completed

/95
12/94

| /95
7/95

12/92

CCT-ll/completed 5/98

CCT-lll/design

CCT-ll/completed 1
CCT-l/completed §
CCT-ll/completed 5
CCT-l/amplet
CCT-IVIcompleted
CCT-lll/completed 1

CCT-lll/design
CCT-V/design
CCT-l/design

D/94
/91
93
pd 1
6/98
P/96
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Exhibit ES-10 (continued)
Projects by Application Category

Project

Participant

Solicitation/Status

Tidd PFBC Demonstration Project
Nucla CFB Demonstration Project
Integrated Gasification Combined Cycle

Clean Energy Demonstration Project

Pifion Pine IGCC Power Project

Tampa Electric Integrated Gasification Combined-Cycle Project
Wabash River Coal Gasification Repowering Project

Advanced Combustion/Heat Engines

Healy Clean Coal Project
Clean Coal Diesel Demonstration Project

The Ohio Power Company

Tri-State Generation and Transmission Association, Inc. CCT-l/completed 1

Clean Energy Partners Limited Partnership
Sierra Pacific Power Company
Tampa Electric Company
Wabash River Coal Gasification Repowering Project Joint Venture

CCT-V/design
CCT-IV/operational
CCT-lll/operational
CCT-IMdbperatio]

Alaska Industrial Development and Export Authority
Arthur D. Little, Inc.

CCT-lll/operational
CCT-V/construction

CCT-l/completed 3/9%

/91

Coal Processing for Clean Fuels

Commercial-Scale Demonstration of the Liquid-Phase Methanol
(LPMEOH™) Process

Self-Scrubbing Coal™: An Integrated Approach to Clean Air

Advanced Coal Conversion Process Demonstration

Development of the Coal Quality Expert™

ENCOAL Mild Coal Gasification Project

Air Products Liquid-Phase Conversion Company, L.P. CCT-lll/bperatio
Custom Coals International
Rosebud SynCoal Partnership
ABB Combustion Engineering, Inc., and CQ Inc.
ENCOAL Corporation

CCT-IV/design
CCT-l/operational
CCT-l/completed 11
CCT-lll/completed 7/97

na

/95

Industrial Applications

Blast Furnace Granular-Coal Injection System Demonstration Project
Clean Power from Integrated Coal/Ore Reduction (CPICOR™)
Pulse Combustor Design Qualification Test

Cement Kiln Flue Gas Recovery Scrubber

Shaded area indicates projects having completed operations.

Advanced Cyclone Combustor with Internal Sulfur, Nitrogen, and Ash Control

Bethlehem Steel Corporation
CPICOR™ Management Company, L.L.C.
ThermoChem, Inc.
Coal Tech Corporation
Passamaquoddy Tribe

CCT-lll/operation
CCT-V/design
CCT-IV/design
CCT-l/completed §
CCT-ll/completed 9

=

/90
93
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Exhibit ES-11
Award-Winning CCT Projects

Project and Participant Award

Full-Scale Demonstration of Low-N@ell Burner
Retrofit (The Babcock & Wilcox Company)

Evaluation of Gas Reburning and Low-NBurners

on a Wall-Fired Boiler; Enhancing the Use of Coals by
Gas Reburning and Sorbent Injection (Energy and
Environmental Research Corporation)

Advanced Flue Gas Desulfurization Demonstration
Project (Pure Air on the Lake, L.P.)

Demonstration of Innovative Applications of
Technology for the CT-121 FGD Process
(Southern Company Services, Inc.)

Tidd PFBC Demonstration Project (The Ohio Power
Company)

Tampa Electric Integrated Gasification Combined-
Cycle Project (Tampa Electric Company)

Wabash River Coal Gasification Repowering Project
(Wabash River Coal Gasification Repowering Project
Joint Venture)

Development of the Coal Quality Expert™ (ABB
Combustion Engineering, Inc. and CQ Inc.)

1994 R&D 100 Award presented R&D magazine to the U.S. Department of Energy for development of the lqw-NO
cell burner.

1997 J. Deanne Sensenbaugh Award presented by the Air and Waste Management Association to the U.S. Depart]
Energy, Gas Research Institute, and U.S. Environmental Protection Agency for the development and commercializ
gas-reburning technology.

1993 Powerplant Award presented®ywermagazine to Northern Indiana Public Service Company’s Bailly Generatin
Station.

1992 Outstanding Engineering Achievement Award presented by the National Society of Professional Engineers.
1995 Design Award presented by the Society of Plastics Industries in recognition of the mist eliminator.

1994 Powerplant Award presentedRgwermagazine to Georgia Power’s Plant Yates. Co-recipient was the U.S.
Department of Energy.

1994 Outstanding Achievement Award presented by the Georgia Chapter of the Air and Waste Management Assod
1993 Environmental Award presented by the Georgia Chamber of Commerce.
1992 National Energy Resource Organization award for demonstration of energy-efficient technology.

1991 Powerplant Award presentedywermagazine to American Electric Power Company’s Tidd project. Co-recipid
was The Babcock & Wilcox Company.

1997 Powerplant Award presentedRgwermagazingo Tampa Electric’s Polk Power Station.
1996 Association of Builders and Contractors Award presented to Tampa Electric for quality of construction.
1993 Ecological Society of America Corporate Award presented to Tampa Electric for its innovative siting process.

1993 Timer Powers Conflict Resolution Award presented to Tampa Electric by the state of Florida for the innovativg
siting process.

1991 Florida Audubon Society Corporate Award presented to Tampa Electric for the innovative siting process.
1996 Powerplant Award presentedywermagazine to CINergy Corp./PSI Energy, Inc.

1996 Engineering Excellence Award presented to Sargent & Lundy upon winning the 1996 American Consulting
Engineers Council competition.

ment of
ation of

iation.

nt

In 1996 recognized by then Secretary of Energy Hazel O’Leary and EPRI President Richard Balzhiser as the best ¢f nine

DOE/EPRI cost-shared utility R&D projects under the Sustainable Electric Partnership Program.
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1. Role of the CCT Program

with greater efficiency and fewer environmental improving environmental performance. Coal could
IntrOd UCtion consequences are how operating with the nation’'s  increase its market share in the industrial sector
most plentiful fossil energy resource—coal. Coal,  through cogeneration (steam and electricity) and
Over the past quarter century, the nation’s energyWhich accounts for over 94 percent of the proven coproduction of products (clean fuels and chemicals).
picture has been one of dynamic change. The nation¥0ssil energy reserves in the United States, supplies While the CCT Program responds to domestic

energy policy has responded to the oil embargoes of the bulk of the low-cost reliable electricity vital to the needs for competitive and clean coal-based technolo-
the 1970s and the environmental debates of the 19808ation’s economy and global competitiveness. Ac- gy, it also positions U.S. industry to compete in a

The 1990s have brought about more changes in cording to the U.S. Department of Energy’s (DOE)  burgeoning power market abroad. Coal is the fuel of
response to required emission reductions for acid rainfEnergy Information Administration (EIA), coalwas  necessity for many foreign economies. Through the
precursors, initiation of more stringent N&@andards used to produce over 1,797 billion kilowatt-hours or CCT Program, U.S. industry has obtained the knowl-
for 0zone nonattainment areas, the beginning of 52 percent of the nation’s electricity in 1996. EIA edge base needed to replicate clean coal technologies
electric utility restructuring, and concern about global Projections count on coal continuing to dominate both domestically and abroad.

warming. These changes have also reshaped the electric power production, at least through 2020 (the
private sector’s response in the domestic and interna-€nd of the forecast period), when coal will generate an

tional marketplace. estimated 2,304 billion kilowatt-hours or nearly i
Since 1985, a joint effort between government 49 percent of all electricity generated. Coal TeChnO|09|eS ReSpOnd
and industry, known as the Clean Coal Technology The ability of coal and coal technologies to to Need
Demonstration Program (CCT Program), has respondte€spond to the nation’s need for low-cost reliable
ed to the challenges resulting from these dynamic  €lectricity hinges on the ability to meet two central The environmental and competitive performance

changes. The magnitude of the projects and extent of€guirements: (1) environmental performance require-of modern coal technologies has evolved through
industry participation in the CCT Program is unprece- ments established in current and emerging laws and  many years of industry and government research,
dented. More than $5.6 billion is being expended, ~ regulations and (2) operational and economic perfor- geyelopment, and demonstration (RD&D). The

with industry and state governments investing two ~ Mance requirements to compete in the era of utility  yrograms were pursued to assure that the U.S. recov-
dollars for every federal government dollar invested. restructuring and competition. The CCT Programis eraple coal reserves of 274 billion tons, which repre-
With 57 percent of the projects having completed ~ 'esponding to these requirements by producinga  sent a secure energy source, could supply the nation’s
operations by the end of fiscal year 1998, the techno-Portfolio of advanced coal-based technologies that  energy needs economically and in an environmentally

logical successes have manifested themselves in the Will enable coal to retain its prominent role in the acceptable manner.

marketplace. New technologies to reduce the emis- Nation’s power generation future. Furthermore, During the 1970s and early 1980s, many of the
sions of acid rain precursors, namely sulfur dioxide —advanced technologies emerging from the CCT government-sponsored technology demonstrations
(SO, and nitrogen oxides (N@ are now in the Program will also enhance coal’s competitive positionfocysed on synthetic fuels production technology.

marketplace and are being used by electric power N the industrial sector. For example, technology Under the Energy Security Act of 1980, the Synthetic
producers and heavy industry. Advanced electric a(_jvances in steelmaking, '”V0_|V'”9 d.|rect use of coal, Fyels Corporation (SFC) was established for the
power generation systems that generate electricity ~ Will reduce the cost of production while greatly purpose of reducing the U.S. vulnerability to disrup-
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tions of crude oil imports. The SFC’s purpose was
accomplished by encouraging the private sector to

that would use abundant domestic energy resources,
primarily coal and oil shale. The strategy was for the
SFC to be primarily a financier of pioneer commercial
and near-commercial scale facilities.

The goal of the SFC was to achieve production
capacities of 500,000 barrels per day of synthetic fuels
by 1987 and 2 million barrels per day by 1992, at an
estimated cost of $8.8 billion. By 1985, it became
apparent that the need for synthetic fuels had changed,
as oil prices declined, world oil supplies stabilized,
and a short-term supply buffer was provided by the

w

. A multi-billion dollar infrastructure is in place

policy. Coal was recognized as an essential element that need. In 1986, the first solicitation (CCT-I) for
in this energy policy for the foreseeable future be-
build and operate synthetic fuel production facilities cause of the following:

1. The location, magnitude, and characteristics Ofselected In four major product market

clean coal technology projects was issued. The CCT-I
solicitation resulted in a broad range of projects being
s—environmen-
tal control devices, advanced electric power genera-
tion, coal processing for clean fuels, and industrial

the coal resource base are well understood.

. The technology and skilled labor base to safelyapplications.

and economically extract, transport, and use
coal are available.

In 1987, the CCT Program became the center-
piece for satisfying the recommendations contained in
theJoint Report of the Special Envoys on Acid Rain

to gather, transport, and deliver this valuable (1986). A presidential initiative launched a five-year,

energy commodity to serve the domestic and $5-billion U.S. industry/government effort to curb
precursors of acid rain formation—génd NQ.

Thus, the second solicitation (CCT-Il) issued in

international marketplace.

Strategic Petroleum Reserve. In 1986, Congress 4. Coal is used to produce over half of the February 1988, provided for the demonstration of
responded to the decline of private-sector interest in nation’s electric power and is vital to industrial o cpnojogies that were capable of achieving signifi-
the production of synthetic fuels in light of these processes, such as steel and cement produc- ¢ant emission reductions in S®IO,, or both, from
market conditions. Public Law 99-190, Department tion, as well as industrial power. existing power plants. These technologies were to be
of the Interior and Related Agencies Appropriations 5. This abundant fossil energy resource is securemore cost-effective than current technologies and

Act for Fiscal Year 1986, abolished the SFC and
transferred project management to the Treasury
Department.

The CCT Program was initiated in October, 1984.
Public Law 98-473, Joint Resolution Making Continu-
ing Appropriation for Fiscal Year 1985 and Other
Purposes, provided $750 million from the Energy
Security Reserve to be deposited in a separate account
in the U.S. Treasury entitled The Clean Coal Technol-
ogy Reserve. The nation moved from an energy

balanced policy, which established that the nation

6. Coal is the fuel of necessity in many lesser

Congress recognized that the continued viability
policy based on synthetic fuels production to a more of coal as a source of energy was dependent on the
demonstration and commercial application of a new
should have an adequate supply of energy; maintainedeneration of advanced coal-based technologies

within the nation’s borders and relatively capable of commercial deployment in the 1990s. In

invulnerable to disruptions because of the coalMay 1989, a third solicitation (CCT-IIl) was issued
industry’s production responsiveness and with essentially the same objective as the second, but

stockpiling capability. additionally encouraged technologies that would
produce clean fuels from run-of-mine coal.

The next two solicitations recognized emerging
energy and environmental issues, such as global
climate change and capping of S#nissions, and
thus focused on seeking highly efficient, economically
competitive, and low-emission technologies. Specifi-
cally, the fourth solicitation (CCT-IV), released in
January 1991, had as its objective the demonstration
of energy efficient, economically competitive technol-

developed economies, which provides export
opportunities for U.S. developed coal-based
technologies.

at a reasonable cost; and consistent with environmen-<haracterized by enhanced operational, economic, andgies capable of retrofitting, repowering, or replacing

tal, health, and safety objectives. Energy stability,

environmental performance. The CCT Program was existing facilities while achieving significant reduc-

security, and strength were the foundations for this  established to demonstrate the commercial feasibility tions in SQand NQ emissions. In July 1992, the

of clean coal technology applications in response to fifth and final solicitation (CCT-V) was issued to
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provide for demonstration projects that significantly allowances. The utilities could adopt a control strate- pared to previous years. In 1990, the Phase | units
advanced the efficiency and environmental perfor- gy that was most cost-effective for their given systemsemitted 9.7 million tons of SQin 1995 emissions

mance of technologies applicable to new or existing and plants rather than having to apply a “command- were down to 5.3 million tons, a 45 percent reduction.
facilities. As a result of these five solicitations, a total and-control” approach wherein the emission-reductiorOn the other hand, non-Phase | unit emissions were 12

of 60 government/industry cost-shared projects were method is specified. percent higher (6.6 million tons) than their 1990
selected, of which 40 valued at more than $5.6 billion The emission reduction requirements for,SO emissions of 5.9 million tons.

have either been successfully completed or remain  were to be met in two phases. Phase |, which provid- Several projects within the CCT Program, listed
active in the CCT Program. ed for the initial increment of S@eduction, began on below, were designated affected units and were

The success of the government/industry CCT January 1, 1995. The second increment implementedrequired to achieve compliance with Phase | require-
Program is directly attributable to the CCT Program'’s through Phase Il will begin on January 1, 2000. Title ments:

responsiveness to public and private sector needs to 1V identified 261 generating units (designated as « Northern Indiana Public Services Company’s
reduce environmental emissions and maximize eco- “affected units”) that were required to comply with Bailly Generating Station, 528-MWe Unit
nomic and efficient energy production. The CCT Phase I. Most of these units are coal-fired with fairly Nos. 7 and 8 (Pure Air advanced flue gas
Program will strengthen the economy, enhance energhigh emission rates. Exhibit 1-1 summarizes the desulfurization scrubber);

security, and reduce the vulnerability of the economy compliance methods used by the 261 affected units

Georgia Power Company’s Plant Yates,
100-MWe Unit No. 1 (Chiyoda Thorough-
bred-121 advanced flue gas desulfurization

to global energy market shocks. listed in Title IV to satisfy Phase | requirements. An
additional 174 units are participating in Phase | based
on U.S. Environmental Protection Agency (EPA)

] rules that allow a scrubber);
Coal Technologies for utility to designate Exhibit 1.1
EnVironmental substitution or Xnibl -
Performance Compensatmg units Phase I SO 2 Comp“ance MethOdS
as part of Phase |
compliance strate- % SO,
. . . . . No. of % of Reduction from % of Total
Acid Rain Mitigation gl\gess'ur-]l-irse;?;ore' Method Units Units 1985 Baseline SO ,Reduction
SOZ_ControI. During the late 1980s, work began considered Phase ||  Fuel switching/blending - 52 60 59
on drafting what was to become the CAAA. On units. Under Additional SQ allowances 83 32 16 29
November 15, 1990, .Congress enacted Public Law Phase II, more than| Scrubbers 27 10 83 28
101-549, the Clean Air Act Amendments of 1990. 2000 units will be Retirements 7 3 100 2
Title 1V, Acid Deposition Control, established emis- affected. Othe? ) 3 86 2
;ions reduction tgrgets for §®app§d S¢emission . By the end of Total 261 100 345 100
in the post-2000 tlmefrar_ne, and d_lreCted the e_Stathhj-995, the Phase | a|ncludes reduced coal consumption of 2.5 million tons and 16% reduction in sulfur content.
ment of allowable emission limitations for Q‘OT'“e units had signifi- ®Includes 1 repowered unit, 2 switched to natural gas, and 5 switched to No. 6 fuel oil.
IV represented the first large-scale approach to regu- cantly reduced SQ Source: The Effects of Title IV of the Clean Air Act Amendments of 1990 on Electric Utilities:
Iating overall emissions levels by using marketable emissions com- An Update Energy Information Administration, March 1997.
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* New York State Electric & Gas Corporation’s ry environment, state regulators would
Milliken Station, 300-MWe Unit Nos. 1 and 2 allow utilities to pass on pollution
(S-H-U formic-acid-enhanced wet limestone  control costs to consumers. In a
scrubber); and restructured competitive environment,

the added cost of capital-intensive

environmental controls could put a

utility at a disadvantage relative to

those utilities that can achieve compli
One of the more significant effects of compliance ance with lower cost alternatives, suc

with Phase | requirements was the change in coal useas fuel switching and blending. The
As shown in Exhibit 1-1, the fuel switching/blending  E|A projects that fuel switching and
compliance strategy was selected for 52 percent of thglending will be the predominant
affected units. This switch to lower sulfur coal affect- strategy used, with emission allow-
ed regional coal distribution. Between 1990 and ance purchases being the second

» PSI Energy’s Wabash River Station,
262-MWe Unit No. 1 (repowered with Destec
integrated gasification combined-cycle unit).

1995, the following changes in coal sales resulted:  choice. However, allowance prices A  New York State Electric & Gas Corporation’s Milliken Station used the

. Powder River Basin coal—increased are increasing and are expected to lS;:;Ufszruk&t:s;X) achieve 98 percent,8@noval and compliance with Phases
of the .

78 million tons, increase significantly after 2000,
making the scrubbing option more cost competitive.
* Central Appalachian coal—increased 15 The EIA projects that by 2010 about 23 gigawatts of
million tons, coal-fired capacity will be retrofitted with scrubbers.
« Rocky Mountain coal—increased 10 million ~ The technologies applied will have their roots in the
tons, CCT Program, which redefined the state-of-the-

limitations of 0.45 Ib/10Btu for tangentially-fired
units and 0.50 Ib/X®Btu for wall-fired units. Howev-
er, in November 1994 after a challenge from utility
groups, the U.S. Court of Appeals found that the
. . definiti f low-NO b technol tained i

) technology in scrubbers and essentially halved the eHinition oTIOW-INS burner e(f nology con amel n

» Northern Appalachian coal—decreased 29 . . . the March rule exceeded EPA's statutory authority
cost relative to conventional scrubbers of the time.

million tons, and . . e .. and vacated the rule. In April 1995, after agreement
Another option available to utilities is to repower with . . o
with environmental and utility organizations, EPA

« lllinois Basin coal—decreased 40 million tons. a clean coal technology. Under the repowering . . . _
issued a final rule revising the definition of low-NO

option, a four-year extension (to December 31, 2003)
. . . ) burner technology. Furthermore, the rule extended the
is available to comply with the Phase Il requirements .

compliance date to January 1, 1996.

with advanced electric power generation technology. On August 3, 1995, EPA issued a proposed

NO, Control. In Title IV of the CAAA, Con- : . s ; »
X . . regulation that included a provision for “open market
gress also required the EPA to establish annual allow-

o o trading, somewhat similar to S@llowance trading.
able emissions limitations for N@ two phases. ¢ 3 g

. . . Under this rule, utilities would not need federal and
; . Phase | required NOeductions from tangentially- : .
structured and does business under the requirements X ) : . state approval for transactions of Nadd volatile
fired and dry-bottom wall-fired boilers. These boilers X

of the Federal Energy Regulatory Commission ) organic compounds (VOCSs) credit trading. Instead,
.. are referred to as Group 1 boilers. In March 1994, ol . . .
(FERC) Order Nos. 888 and 889 and state-level utility i o utilities would be able to comply with various air
. o . EPA promulgated a rule establishing Nébnission . . . .
restructuring legislation. Under the previous regulato- X pollution mandates by buying and using an appropri-

In Phase I, beginning January 1, 2000, annual
SO, tonnage emission limitations will be determined
based on a 1.20 Ib/i8tu emission rate and 1985-87
baseline fuel consumption. Most utilities have still
not finalized their compliance strategies because the
industry is faced with major changes in the way it is
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ate number of tons of “discrete emissions reductions” sion limitations for additional coal-fired boilers
(DERs). Utilities would be able to generate emission (Group 2) and reduced the N@missions limitations
reduction credits for smog precursors by voluntarily on Group 1 boilers. The types of Group 1 and 2
reducing NQ and VOCs and then bank, use, or sell  boilers and the Phase | and Il Némission limits are
the credits under the open market emissions trading shown in Exhibit 1-2.

proposal. (In addition to trading VOCs and NO In response to the need to formulate N@is-
under the program, the utilities also would be able to sion reductions that were realistic and achievable for

trade water pollution credits.) The DERs will not Group 1, EPA was able to use data developed durlng i

require certification by regulators until they are used, the Southern Company Services’ evaluation of NO
either by the utility that generates them for later use oicontrol on wall-fired and tangentially-fired boilers.
by a second utility that purchases the DERs from the Furthermore, operational, environmental, and eco-

first utility. nomic data on NQcontrols were developed under the
On December 19, 1996, EPA issued aruleto ~ CCT Program for all four major boiler types (wall-
implement Phase Il. The rule established H@is- fired, tangentially-fired, cyclone-fired, and cell-
burner), which consti-
Exhibit 1-2 tute over 90 percent
CAAA NO _ Emission Limits ofthe pre-New
X Source Performance
Group 1 Group 2 Phase | NO Phase I NO Statmdard (NSPS)
Boiler Type Boiler Type Emission Limits @ Emission Limits boiler types. In
(Ib/10° Btu) (Ib/10 ° Btu) addition, low-NQ
burners were installed
Ta_ngentially-fired 0.45 0.40 and tested on a
boilers vertically-fired boiler.
Ergébsgf:?gwa”_ 0-50 0-46 Other alternative NQ
Cell-burner 0.68 control technologies
boilers were demonstrated,
Cyclone boilers 0.86 including coal and gas
>155 Mwe reburning, selective
Wet-bottom 0.84 noncatalytic reduction
\;vgg-m\?\;jeboners (SNCR), and selective
Vertically fired 0.80 catalytic reduction
boilers (SCR). This portfolio
o ) ) of NO, controls will
a2Emission limits are Ib/20Btu of heat input on an annual average basis.
bQOther than units applying cell-burner technology. not only as.su.re Phase
I and Il emission

A Chiyoda’s CT-121 system demonstrated at Georgia
Power’s Plant Yates achieved high S@pture efficiencies
and enhanced capture of particulate matter.

reductions are achievable, but will provide the tech-
nology base necessary to achieve even deeper NO
reductions that may be necessary to meet CAAA Title
| requirements or new National Ambient Air Quality
Standards (NAAQS) for ozone.

New Rules

The EPA is in the process of considering and
issuing new rules that go beyond the acid rain provi-
sions contained in the CAAA. Some of these rules are
in the discussion phase; other rules have been pro-
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posed or finalized and will need to be considered in 1999 on how to cut NGemissions 85 percent below
the research, development, and deployment of clean 1990 rates or achieve a 0.15 It§/Bdu emission rate
coal technologies. The following rules are illustrative. by May 2003.

Attainment of Ozone Standards (Title I} The EPA is also formulating a plan for utilities
CAAA Title | established an ozone transport commis- and industries to trade allowances for N@issions.
sion to address regional transport of pollutants that The “cap and trade” program would apply to the 23

contribute to ozone nonattainment in the Northeast. jurisdictions affected by the SIP Call. The EPA states,

The Northeast Ozone Transport Commission ap- that most areas will be able to meet air quality stan-
proved a Memorandum of Understanding in Septem- dards without additional air controls. Under the plan,
ber 1994 stipulating intent to reduce power plant the affected jurisdictions would establish a cap on

emissions of NQ (a precursor to ozone formation) by NO, emissions and then give power plants and indus-
as much as 70 percent by 2003. The Ozone Transpotties the flexibility to cut NQemissions in the most
Assessment Group (OTAG), a collaborative effort by cost-effective manner. Power plants and industries

37 states and the District of Columbia, was establishethat cut NQ emissions below the caps could sell

in June 1995 to address the issue of ozone transportecredits to facilities that could not cut emissions as
tion. In response to recommendations issued in Junequickly or cost-effectively.

1997 by the OTAG Policy Group, EPA issued a “SIP The NQ trading program, similar to the $O

Call” to 22 states and the District of Columbia. The trading program, allows sources to pursue various
SIP Call (effective December 28, 1998, as EPA’s compliance strategies; such as fuel switching; install-

ozone-transport rule) requires these 23 jurisdictions tdng pollution control devices, like the devices demon- §

submit emission reduction plans by December 30,  strated in the CCT Program; or buying allowances
from sources that over-complied.

The EPA has tightened its N@mission stan-
dards for new electric utility boilers and has changed
its rules so that all generation fuels are treated equal-

standards, the NQimit is now 0.15 Ib/10Btu. By

economic incentive to use more efficient systems.

A NO, emissions at Georgia Power’s Plant Hammond = provisions for particulate matter (PM) and ozone
were reduced by 63 percent with Foster Wheeler’s low-NO | f d d h
burners, shown here, and advanced overfire air. (commonly referred to as soot and smog). The
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A Eight SCR catalysts with various shapes and
) compositions were evaluated side-by-side at Gulf Power’s
ly. Under the revised new source performance stan- pjant Crist using high sulfur coal. N@ductions of 80

dard, electric utility and industrial steam generating percent were achieved.
units built or modified after July 9, 1997, must meet
an emission limit of 1.6 Ib/MWh regardless of fuel

type. For existing sources that become subject to newa|ly unchanged, while a new standard for respirable

standard for inhalable particles (PMremains essen-

particles (PM,)—those measuring 2.5 micrometers in
basing the standard on electricity output, there is an  djameter and smaller—was established at an annual
limit of 15 micrograms per cubic meter, with a 24-
Soot and Smog In 1997, EPA set new NAAQS  hour limit of 65 micrograms per cubic meter.

The proposed revisions to NAAQS for PMalso
might require additional S(@ontrol because many




sulfur species are in this size range. Establishing from eight utilities representing nine process configu- as waste and fossil fuel facilities, 10 percent from
reliable relationship between fine sulfate emissions an@tions, several of which were sites for CCT projects. manufacturing facilities, 2 percent from area sources,

ambient PM, ; concentrations could have serious These utilities represented different coal types, pro- and 1 percent from other sources. The EPA also
repercussions for coal burning facilities. cess configurations, furnace types, and pollution identified four specific categories that account for

For ozone, the standard was tightened from 0.12 control methods. The repo&,Comprehensive about 80 percent of the total anthropogenic sources:
parts per million (or 120 parts per billion) of ozone  Assessment of Toxic Emissions from Coal-Fired coal-fired power plants, 33 percent; municipal waste
measured over one-hour to a new standard of 0.08 Power Plants: Phase | Results from the U.S. Depart-incinerators, 18 percent; commercial and industrial
parts per million (or 80 parts per billion) measured  ment of Energy Stugdwas released in September boilers, 18 percent; and medical waste incinerators, 10
over eight-hours, with the average fourth highest 1996 and provided the raw data from the emissions percent. The next step for EPA is to assess the need
concentration over a three-year period determining testing. The second phase of the DOE/EPRI effort  for enhanced research on health effects and new
whether an area is out of compliance. involves sampling at other sites, including the CCT  pollution control technologies, community “right-to-

Program’s Wabash River, Tampa Electric, and Sierra know” approaches, and regulatory actions.
Pacific integrated gasification combined-cycle (IGCC) The results of the HAPs program have signifi-
Under Title 11l of the CAAA, EPA is responsible  Projects. cantly mitigated concerns about HAPs emission from
for determining the hazards to public health posed by In another DOE study, HAPs data were collected coal-fired power generation and focused attention on a
189 hazardous air pollutants (HAPs) and is required téom 16 power plants and reportedSommary of Air  few flue gas constituents. The results have the poten-
perform a study of HAPs to determine the public Toxics Emissions Testing at Sixteen Utility Plants  tial to make the forthcoming EPA regulations less
health risks that are likely to occur as a result of powef he report, issued in July 1996, provides an assess- strict, which could avoid unnecessary control costs
plant emissions. The Department of Energy (DOE) ment of HAPs measured in the coal, across the majorand thus save consumers money on electricity bills.

recognizes the importance of detecting and measuringPollution control devices, and emitted from the stack.
HAPs in stack gases and has implemented a program  Following up on the October
with industry to monitor HAPs emissions at CCT 1996 EPA report to Congress,
Program project sites. Two objectives of the HAPs ~ Study of Hazardous Air Pollutant
monitoring are to (1) improve the quality of HAPs dataEmissions from Electric Utility
being gathered and (2) monitor a broader range of ~ Steam Generating Units, Interim
plant configurations and emissions control equipment.Final Report a new report has

Air Toxics

As a result of this program, 21 CCT projects are been released by EPA focusing on |25
monitoring HAPs, with 11 having been completed by Mercury emissions. The Decembefg
September 1998 (see Appendix C Exhibit C-7). 1997 reportMercury Study Report

In another effort begun in January 1993, EPA,  to Congressestimates that the U.S
with the participation of DOE under the Coal Re-  industrial sources were responsibl
search and Development Program, the Electric Powerfor releasing 158 tons of Mercury
Research Institute (EPRYI), and the Utility Air Regula- into the atmosphere in 1994 and
tory Group (UARG), began an emissions data collec- 1995. The EPA estimates that 87
tion program using state-of-the-art sampling and percent of those emissions origi-

analysis techniques. Emissions data were collected nate from combustion sources sucty  pa5ardous air pollutants are being measured at the Wabash River IGCC unit.
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Global Climate Change Protection » A multi-year timeframe (2008-2012) for The Climate Challenge Program consists of
emission reductions; voluntary commitments by electric utilities to under-
take actions to reduce, avoid, offset, or sequester
GHG emissions. These commitments are formalized
« Differentiated targets for key industrial nations in individual utility Participation Accords for large
ranging from 6 to 8 percent below baseline ytilities and in Letters of Participation for small
levels (1990 and 1995), with the United States ytjlities. The DOE provides technical information and
agreeing to a 7 percent reduction below a 199Gupport, reports on the progress of the program, and
baseline; provides public recognition to utility participants.
The types of commitments are broad enough so that
any utility can participate, regardless of size, type, or

The CCT Program had its roots in the reduction
of acid rain precursors and was responsive to the < Five year averaging of emissions reductions;
recommendations contained in th@nt Report of the
Special Envoys on Acid Raas discussed earlier.
Twelve years later, the future of coal and clean coal
technology may rest on the outcome of international
concerns and negotiations on emissions of greenhouse
gases (GHG), particularly carbon dioxide (O

In May 1992, the United States became a signato- * Allowance for certain activities, such as

ry to the U.N. Framework Convention on Climate planting trees, that absorb carbon dioxide— T >
Change (FCCC), which was ratified by Congress in called “sinks"—to be offset against emissions amount of generation; regource mix; or Iqad growth.
October 1997. The FCCC directed Annex | parties targets; and Clean coal technologies can play an important

role in implementation of these Participation Accords.
* Inclusion of all six significant greenhouse gase§myroyements in generation technology, knowledge of
(CO,, methane, nitrous oxide, 0zone, water oy generation is operated and maintained, and
vapor, and hydrofluorcarbons). optimal location of generation on the grid can have

ed a number of voluntary mitigation actions. In 1995,  'he agreementalso includes flexible market measurablt_a beneficial effe_cts on both GHG emissions
the first meeting of the Conference of Parties (COP-1jechanisms to allow countries to reach their targets, and operating costs. Utilities are pursuing three broad
to the FCCC was held in Berlin, Germany. The rather than “policies and measures,” such as carbon Strategies for reducing GHG emissions through.n?ore
purpose of this conference was to determine whether taxes. Companies and countries will be able to trade eff|C|ent_ power generation: 1) improving the effl_Clen'
the non-binding FCCC was adequate. The conclusiorfMissions permits. However, the Kyoto agreement €Y of existing capacity, (_2)_ repowering or replacing
was that most parties at COP-1 were not meeting the f2iled to meet U.S. demands for participation by generation with more efficient generation, and (3)
oreviously agreed to goals. As a result, the Berlin _ developing countries. repowering or replacing generation with generation
Mandate was adopted. The Berlin Mandate calls for The responsiveness and role of clean coal techndiat uses lower-carbon fuels, o

negotiation of a protocol to enhance the commitments®dies in meeting GHG reduction goals of U.S. utilities More thfi” half of the_ Participation Accords

of Annex | parties for the period beyond 2000. The is found in theClimate Change Action PlanBlimate mcludc_a fossn—relgted activities. Fossn—rel_a_ted GHQ
second meeting of the Conference of Parties (COP-Z)Cha”enge Program. The basis of the program is reduction comm|tm_ents to.tal about 7.4 million metr_lc
held in Geneva, Switzerland, in July 1996, resulted in described in the April 20, 1994, Memorandum of  tons of carbo.n equalen.t In the year 2000, approxi-
the Geneva Declaration calling for Annex | parties to Understanding between DOE and representatives of mately one-S|x’Fh of all Climate Challenge Program
adopt legally binding commitments by the Third the nation’s electric utility industry—Edison Electric ~ tonnage commitments.

(developed countries) to implement programs and
actions aimed at returning GHG emissions to 1990
levels by 2000. As a result, t@#imate Change

Action Plan published in October 1993, recommend-

Conference of Parties (COP-3) scheduled for Kyoto, nstitute, American Public Power Association; Nation- As part of its accord, CINergy has installed clean

Japan, in December 1997. At Kyoto, the following @l Rural Electric Cooperative Association; Large coal technology at the Wabash River Generating

agreements were reached: Public Power Council; and the Tennessee Valley ~ Station, which is owned by its subsidiary, PSI Energy.
Authority. In a fully commercial setting, PSI Energy and its

partner, Dynergy, are demonstrating coal gasification
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repowering of an existing unit. Where there was an IEA/GHG investigates and evaluates technical ways o

aging, inefficient, little-used unit, there is now a very reducing greenhouse gas emissions through improvec(:oaj TeChnOIOgieS for
clean and highly efficient unit that will generate powerfossil fuel technologies and by capture and sequestra- -
into the next century. The original plant capacity was tion of greenhouse gases. This program also serves agompetltlve Performance
100 MWe, but is now 262 MWe (net), and the origi- a source of independent expert data for policy makers,
nal heat rate of 11,000 Btu per kilowatt-hour is now industry, and the public on coal technologies to
under 9,000, one of the lowest for commercial coal address global climate concerns. . . .

. . . : . _ major uncertainty was the breadth and depth of envi-
plants in the United States. Because the heat rate is so The IEA/GHG is conducting studies of a number :

. . . ) ronmental regulatory requirements that would be

much lower, the rate of C@missions is decreased by of technologies, including many clean coal technolo- .

. . . . imposed on the industry. Even this uncertainty was
about 20 percent relative to a conventional plant of thgies. For example, completed studies address IGCC, p y : y
mitigated by the fact that the environmental control

When the CCT Program started in 1986, the
electric utility industry was highly regulated. The

same size. Additionally, emissions of S®O,, and advanced pulverized coal cycles, ocean sequestration )
. X . S costs could be passed through to the consumer if
particulate matter are reduced by at least 90 percent. of CO,, and chemical utilization of CO Examples of o
. , 2 . . o approved by the state regulatory commission. As long
The 250-MWe Tampa Electric Company’s ongoing studies include integrated gasification fuel

as the utility made prudent investments in plant and
equipment, their economic future was fairly stable and
Value-Added Solid Waste predictable. Most industry observers assumed that
coal and nuclear energy would carry the burden of
baseload generation, oil would be phased out, and
natural gas would be used for meeting peak load
Tequirements.

By mid-1997, the picture was entirely different—
the utility industry was in the midst of a major restruc-
turing to accommodate a competitive marketplace.
This restructuring was driven by legislative, consum-
er, and technology factors as follows:

integrated gasification combined-cycle project began cells and IGCC using Orimulsion.
operations in 1996. With a heat rate of 8,600 Btu per
kilowatt-hour (40 percent efficiency), the plant’s
operation will result in a GHG emission reduction of The CCT Program also addresses solid waste
over 20 percent when compared to conventional considerations. For example, two projects redefined
technology. Sierra Pacific Power Company’s Pifion  the state-of-the-technology in wet flue gas desulfuriza
Pine integrated gasification combined-cycle (IGCC) tion. Included in this significant technology improve-
project (99 MWe), which began operation in 1998,  ment was production of commercial-grade gypsum in
will result in similar reductions. Technologies such asjieu of the scrubber sludge associated with conven-
pressurized fluidized-bed combustion and integrated tional scrubbers of the early 1990s. Scrubber sludge
gasification fuel cell, also being demonstrated under had been projected to require over 4,500 acres per

the CCT Program, represent other high-efficiency  year for disposal by 2015. Advances under the CCT
technology options for significant reduction of CO  program precluded that need. The balance of technol- ¢ Consumers became a major factor in pushing

Finally, in an effort to increase the awareness of ggies in the CCT Program also address solid waste for competition and regulatory reform even
the role that clean coal technologies can have in concerns by producing salable byproducts instead of though regulators provide the oversight
meeting global climate concerns, the United States is wastes (e.qg., sulfur, sulfuric acid, or fertilizer) or dry necessary to assure consumers were paying a
participating in the International Energy Agency environmentally benign materials. These dry materials fair price. However, the price differential
Greenhouse Gas Research and Development Prograigan either be used as construction materials (e.g., for among the states and regions of the country
(IEA/GHG). The work conducted by the program  yse in soil and road bed stabilization, or as a cement meant that large industrial users of electricity
focuses on technical and economic assessments andingredient), agricultural supplements, means to miti- in some areas were burdened with high
collaborative research on technology to address globajate mine subsidence and acid mine drainage, or electricity prices, while their competitors in
concerns due to possible climate change resulting  readily disposed of in landfills. other areas had access to much lower cost
from atmospheric buildup of greenhouse gases. The electricity and thus a competitive production

cost edge.
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» The Public Utility Regulatory Policies Act of

1978 (PURPA) and the Energy Policy Act of
1992 (EPAct) were two major legislative
factors. Under PURPA, utilities were required
to purchase electricity from certain “qualified
facilities” (QFs) at a price equal to the utility’s
estimated avoided cost. As a result, the
amount of electricity generated by these
nonutility power producers increased dramati-
cally to over 280 billion kilowatt-hours or
about 10 percent of the utility generation in
1995. The EPAct, in amending the Public
Utility Holding Company Act of 1935
(PUHCA) and the Federal Power Act of 1935
(FPA) lifted more of the constraints on the
development of nonutility generation as well
as some of the restrictions on competition in
wholesale electricity markets.

The EPAct created a new class of producer
called the exempt wholesale generator (EWG),
which is defined as “any person determined by
the Federal Energy Regulatory Commission to
be engaged directly through one or more
affiliates—and exclusively in the business of
owning or operating—all or part of one or
more eligible facilities and selling electric
energy at wholesale.” This amendment to
PUHCA provided that nonutility companies
could develop EWGs without coming under
the provisions of PUHCA and exempt holding
companies could also develop EWGs without
losing their exemption from PUHCA. Any
EWG also in the retail utility’s rate base had to
receive state regulatory approval before it
could be exempted from PUHCA. The EPAct
specifically allowed both registered and

Program Update 1998

exempt holding companies to own, acquire,
and operate EWGs. The law also allowed for
so-called “hybrid plants,” which have owner-
ship divided between utility companies, whose
portion is included in the rate base, and
EWGs, whose portion is exempt. The act
sought to limit the abuse of affiliate transac-
tions by prohibiting an electric utility company
from purchasing wholesale energy from an
EWG that was one of its affiliates. Unlike
PURPA, the PUHCA reforms did not guaran-
tee EWGs a market for their power, thereby
requiring that the EWGs compete with power
from other sources in the wholesale power
market.

The EPAct further promoted wholesale
competition by mandating that transmission
facility owners must provide open access to
the grid by wheeling power to wholesale
customers at cost-based rates. Furthermore,
anyone may petition the FERC for access to
the transmission grid. On April 14, 1996, the
FERC issued two closely related orders, Order
Nos. 888 and 889, detailing rules to assure
nondiscriminatory open access to interstate
electricity transmission and recovery of the
utilities’ prudently incurred costs. Order Nos.
888-A, 888-B, 889-A, and 889-B were
subsequently issued clarifying and modifying
positions in the original orders. The orders are
currently being appealed.

Consumer pressures for access to lower priced
power have been successful in bringing about
competition in retail as well as wholesale
power markets. Deregulation of retail markets
is occurring at the state level. (FERC is

prohibited from ordering retail wheeling.)
Under the EPACt, states continue to have
responsibility for regulating (1) any electric
company operating within its jurisdiction, (2)
any EWG selling electricity wholesale to such
a utility, and (3) any holding company that was
an associate or affiliate of an EWG selling
power to a regulated utility. By the end of
Fiscal Year 1998, twelve states have enacted
legislation to allow competition in the retail
electricity market in one form or another. In
six other states, there have been comprehen-
sive regulatory orders issued. Legislation or
regulatory action is pending in another six
states. Twenty-four states and the District of
Columbia are currently investigating deregula-
tion options. Only in two states is there no
significant deregulation activity. Under retalil
deregulation, end users are not required to
purchase power from their local utility
company, but instead may purchase power
from generators or marketers located in other
states and regions of the country. In this
competitive market environment, power is
priced according to market conditions, not
necessarily according to generation costs.

Advances in the technology of electricity
production are another factor that has had an
impact on restructuring. Nonutility generators
have taken advantage of these advances, such
as aero-derived gas turbines, to generate
electricity cheaper than can be achieved using
conventional fossil steam or nuclear genera-
tors. The new technologies are often more
efficient, less environmentally obtrusive, and
can be installed in a very short period of time



in capacity modules closely matching the load percent in 1996 to 80 percent in 2020. The EIA
growth curves. projects natural gas-fired generation to grow from
over 462 billion kilowatt-hours in 1996 to 1,583

» Also, federal legislation on utility restructuring =~ 7 ] )
billion in 2020, most of that using combined-cycle

seems imminent as a number of bills are being

coal systems that will be needed when older plants are
retired and new capacity additions are needed to
assure continued low-cost reliable electric power
service. The CCT Program is also demonstrating

technology. EIA further predicts that no net coal-firedtechnologies to produce clean fuels. Processes to
capacity additions will be made until 2010, when remove precursors to acid rain and HAPs represent a
rising natural gas costs and nuclear and coal retire- pollution prevention approach that is an integral part
the utility market for coal and clean coal technology. ments are projected to cause increasing demand for of efforts to develop advanced coal-based power for
A comparison of 1985 and 1997 energy projections capacity. At that time, new highly efficient low- the future.

for coal, natural gas, and oil, shown in Exhibit 1-3,  emissions power systems will enter the power produc-

illustrates the magnitude of the change that restructurtion markets. New concepts to reduce delivered

ing is playing, as well as environmental regulation  electricity prices will likely be employed. Examples

discussed previously. Coal is projected to maintain itsnclude minemouth plants that reduce or eliminate the C Qal TGChﬂOlOgieS to

lead in the production of electricity in 2010 at 49 per- coal transportation cost component in power produc- Sustain Economic Growth

cent; however, that is down from 60 percent when thetion. Also, cogeneration and coproduction systems
CCT Program started. The differential has been, for il be available, which allow the consumer’s cost of

the most part, made up by the growth in natural gas electricity to be offset by the profitability of coprod-
power generation. Nuclear power’s contributionto  cts.

the nation’s electric power generation in 2010 has
dropped by 28 percent between the 1985 and 1997
projections.

Industry restructuring and
competition will impact coal and
coal technologies for the foresee-
able future. Utilities are expected

debated.

These factors have had a pronounced effect on

It is in the national interest to maintain a multi-
fuel energy mix to sustain national economic growth.
Coal is a key component of national energy security

The CCT Program is demonstrating the first because of its affordability, availability, and abundan-

commercial versions of the advanced high-efficiency

Exhibit 1-3
Comparison of Energy Projections

Electricity Sales Coal Consumption Gas Consumption a Oil Consumption @

to improve their operating efficien- (10°kKWh) (108 tons) (10 12 ft3) (10° barrels)

cies by using existing plants at A B % dif A B % dif A B % dif A B %dif
higher capacity factors. Contribut-

ing to increased capacity factorsis § 1995 3,018 3,026 0.3 924 958 3.7 3.0 3.37 12 0.2 0.30 50
projected drop in generating capacit 2000 3,384 3,318 -2.0 1,059 1,058 -0.1 2.7 4.05 50 0.6 0.24 -60
ty not only from nuclear plant 2010 4,176 3,877  -7.2 1,355 1,162 -14.2 1.7 722 325 0.4 0.16 -60

retirements but capacity losses

where stranded costs are not recov A National Energy Policy Plan Projections to 2010S. Department of Energy, December 1985.

ered. The EIA has projected that B Annual Energy Outlook 1998 with Projections to 20R0ergy Information Agency, December 1997.
the capacity factor for coal-fired % dif = percent difference between the two projections.
power plants will increase from 66 2 Consumptions by electric generators excluding cogenerators.
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cy within the nation’s borders. The CCT Program’s A U.S. coal conversion industry could directly
strategy leads to the development and deployment of eeduce the nation’s dependency on imported oil. Thef
technology portfolio that enhances the efficient use of economic impact of adding to domestic oil production
this coal resource while assuring national and global or reducing the cost of imported oil is very significant.
environmental goals are achieved. The domestic coalThe CCT Program is responding to this opportunity
resources are large enough to supply U.S. needs for through development and demonstration of mild
more than 250 years at current rates of production. gasification and liquid-phase methanol production
The United States is increasingly dependent on technologies. .
imported oil as low prices have resulted in decreased In 1996, the U.S. exported 90 million tons of coal
domestic oil production for 13 years. That trend was to more than 40 nations. Coal exports to foreign :
broken in 1995 by an oil production capacity increasedestinations contributed $3.39 billion to the U.S.
of 0.4 million barrels per day. In 1996, net petroleum balance of payments in 1997. Worldwide demand for:§g
imports were 8.5 million barrels per day, or 46 percenenergy is expected to reach 639 quadrillion Btu by B
of domestic consumption. In its latest projections for 2020, over 1.7 times the current level. According to
2020, EIA expects imports to range from 13.8 to the EIA, worldwide coal use in 1995 accounted for
18.4 million barrels per day depending on oil price.  about 25 percent of total energy consumption and 36
The EIA reference case for 2020 calls for net imports percent of the energy consumed worldwide for elec- oA
of 16.0 million barrels per day, which is equivalent to tricity generation. Those market shares are not pro- |
over 66 percent of consumption. Also, natural gas jected to change substantially through 2020. Exports
imports are expected to grow from 12.4 percent of  of U.S. coal are projected to increase to over 128 mil-
total gas consumption in 1996 to 15.3 percent in 2020ion tons by 2020. ;
These imports are primarily from Canada, which does  The worldwide market for power generation
not represent a supply stability problem, but does technologies could be as high as $2.3 trillion between

A National energy security is enhanced by coal

. ] ] liquefaction technology being demonstrated at the Eastman
represent a drain on balance of payments. 1995 and 2010. Roughly two-thirds of the investment chemical Company in Kingsport, TN. Air Products and

United States coal consumption is equivalent to  will be in developing countries. This market provides Chemical’s liquid phase methanol process is producing

80,000 gallons per day of methanol from eastern high-

approximately 10 million barrels of oil per day and  opportunities for U.S. technology suppliers, develop- sulfur bituminous coal

represents a reduction in balance of payments of overers, architect/engineers, and other U.S. firms to capi-
$50 billion per year. The CCT Program will provide talize on the advantages gained through experiences iimprove the visibility of U.S. firms and their products
the technologies that will enable coal to continue as athe CCT Program. However, aggressive actionis by establishing an information clearinghouse and

major component in the nation’s economy while needed as other governments are recognizing the  closer liaison with U.S. representatives in other
achieving the environmental quality that society enormous economic benefits that their economies cancountries, (2) strengthen interagency coordination of
demands. The domestic and export value of 1996  enjoy if their manufacturers capture a greater share offederal programs pertinent to these exports, and (3)
coal production approaches $23.2 billion in the U.S. this market. improve current programs and policies for facilitating
economy. Coal related jobs are dispersed through the  Beyond the CCT Program, DOE activities are the financing of coal-related projects abroad.
mining, transportation, manufacturing, utility, and aimed at creating a favorable export climate for U.S.

supporting industries. coal and coal technology. These efforts will: (1)
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Coal Technology for the
Future

DOE has structured an integrated Coal and Powe
Systems Research, Development, and Demonstration
(RD&D) Program with the mission to foster the
development and deployment of advanced, clean,
affordable power systems and technologies for the
clean utilization of coal. The R&D Program is de-
signed to assure an ample, secure, clean, low-cost
domestic electricity and domestic fuel supply through
viable technical options. Contributions of the RD&D
Program toward achieving national energy policy
goals include:

» Ensuring against energy disruptions,

» Promoting energy production and use in ways
that respect health and environments,

» Expanding future energy choices, and

» Cooperating internationally on energy issues.

Vision 21

Vision 21 PowerPlex.DOE’s Fossil Energy
RD&D program builds on the CCT Program toward
realizing a “Vision 21 PowerPlex"—a modular facili-
ty capable of using a multiplicity of fuels (such as
coal, biomass, gas, petroleum coke, and municipal
waste) to competitively produce a number of com-
modities (such as electricity, steam, fuels, and chemi-
cals) at efficiencies greater than 60 percent and with
near zero pollutant emissions.

A Vision 21 PowerPlex represents a suite of
technology modules that can be interconnected in

different configurations to produce selected products.

When coupled with CQcapture and recycling or
sequestration, Vision 21 systems would create no

r

environmental impact outside of their physical “foot-

print.”

Exhibit 1-4 graphically illustrates the Vision 21

concept. Core technology and enabling technology

thrusts are outlined below.

Vision 21 Core Technologies

Fuel-Flexible Gasification. Gasification is a key

or a fuel gas for industrial applications. RD&D will
address how best to gasify fuel mixtures such as coal
and biomass.

High-Performance Combustion. Combustion
remains a primary energy conversion process that can
be used in conjunction with other approaches such as
gasification. The RD&D challenge will be to signifi-
cantly improve on efficiency and pollutant control
through combustion modification and integration of
other process technologies such as gasification and
high temperature heat exchangers, particulate filtra-
tion, and advanced gas turbines.

Fuel Cell/Turbine Hybrids. Fuel cells and gas

core technology because the syngas produced from turbines represent important energy supply technolo-
carbon-based feedstocks can be used as fuel for a gagies historically on two separate development paths.
turbine in an integrated gasification combined-cycle Under Vision 21, concepts will be pursued to inte-

* Improving the efficiency of the energy system, electric power generation mode, a source of hydrogengrate the two technologies and adapt them to operate

for a fuel cell, feedstock for production of chemicals, On a multiplicity of fuels.

Exhibit 1-4
Vision 21 PowerPlex

Feedstocks

Fossil
-Coal
-Gas

-0il

Biomass

Municipal
Wastes

Fuel
Upgrading

Energy
Conversion

Gasification

Ash/

Trace Elements Combustion

By-Products

P Output
; rocess Options
CO,-Rich Stream Options
. Electricity
Separation
. Chemicals
Gas Catalysis
Stream . Transportation
Turbines
Cleanup Fuels
Fuel Cells Syngas
Heat Hydrogen
By-Products Exchange ydrog
Steam
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Gas Separation TechnologiesAdvanced
membrane technology shows promise for separating
two key elements used in energy supply technolo-
gies—oxygen and hydrogen—from air and process
streams. Membrane RD&D will be pursued because
has the potential to significantly reduce the cost of the
existing energy intensive methods—cryogenic air )
separation is currently used to produce oxygen for
gasification and natural gas reforming is used to
produce hydrogen for fuel cells.

Vision 21 Enabling Technologies

Materials. The drive to higher efficiency re- A » RD&D assures that clean, affordable coal technologies

. fi t . ina t ¢ d will be available in the future. Air Product’s LaPorte coal
quires operation at ever increasing temperatures an liquefaction test facility (above) and Southern Company

pressures in corrosive environments. To realize Services’ Wilsonville power system development facility
efficiency goals, materials will be developed with the (right) contribute to RD&D efforts.

requisite strength and resistance to corrosion and high-

temperature. predictive models in developing new technologies.
Catalysts and Sorbents.Improved catalysts Vision 21 efforts will increasingly rely on new com-

offer the means to reduce the energy needed to affectputer simulation technologies to test processes and

conversion in such areas as coal to liquid fuels or  verify engineering performance, requiring develop-

chemicals. Sorbents that can operate effectively at ment of advanced computation techniques similar to

high temperatures mitigate heat losses associated witthose used today to design commercial airplanes or to

lowering process temperatures to accommodate simulate nuclear explosions.

conventional sorbents. Progress in catalyst and Carbon Sequestration. The means to capture

sorbent performance will be pursued because of the and either recycle or permanently store,@@ also

direct efficiency gains possible. be sought. In conjunction with Vision 21, carbon
Instrumentation. The flexibility desired in sequestration would close the carbon cycle for fossil

Vision 21 plants to adjust to changing feedstocks and energy-based systems and eliminate the threat of
production requirements necessitates new control  global climate change.
systems. RD&D will link artificial intelligence with
sensors for key parameters to measure, process, and
resolve the myriad of inputs necessary to affect opti-
mum performance.
“Virtual” Plants. Scarce resources dictate less
reliance on hardware testing and more reliance on
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2. Program Implementation

driving force in establishing the principles that created
Introduction the foundation for the implementation process. The
government role is non-traditional, moving away from a

The CCT Program founding principles and imple-command-and-control approach to a performance-
menting process resulted in one of the most successfg®sed approach, where the government sets perfor-
cost-shared government/industry partnerships forgeditnce objectives and industry responds with its ideas
date to respond to critical national needs. Through fi&d is allowed broad latitude in technical management
nationwide competitions, a total of 60 government/  Of the projects. This approach encourages technology
industry cost-shared projects were selected, of whichinnovation and cost-sharing. Industry and the public
40 valued at more than $5.6 billion have either been Play major roles in the process, reflecting their respec-
completed or remain active at the end of Fiscal Year tive roles in moving technologies into the marketplace.
1998. For the 40 projects, the industry cost-share is an
unprecedented 66 percent. Over 57 percent of the
projects (23) have reached successfully completed . . .
operations. The balance are moving forward, with Implementatlon PrlnC|pIes

operational testing under way for eight projects o .
Over the nine-year period of soliciting and award- 1 he Principles underlying the CCT Program were

ing projects, the thrust of the environmental concernsd€veloped after much study of previous government

relative to coal use changed. Nevertheless, the adorﬁlgapnstration programs, those meeting with b‘?th_
implementing process allowed the program to remainPOsitive and negative results. Together, the principles

responsive to the changing needs. The result is a represent a composite of incentives and checks and
portfolio of technologies and a data base that will balances that allows all participants to best apply their
enable coal to remain a major contributor to the U.S. €XPertise and resources. These guiding principles are

energy mix without being a threat to the environment.utlined below.
This result will ensure secure, low-cost energy requisite « A strong and stable financial commitment

to a healthy economy well into the 21st century. exists for the life of the projects. Full funding

Success of the CCT Program is measured by the for the government's share of selected projects
degree to which the operational, environmental, and was appropriated by Congress at the outset of
economic performance of a technology can be project- the program. This up-front commitment has
ed for commercial applications. Decision-makers must been vital to getting industry’s response in
have a sufficient database to project performance and terms of quantity and quality of proposals
assess associated risk for commercial introduction and received and the achievement of 66 percent
deployment of new technologies. This measure was a cost-sharing.

Multiple solicitations spread over a number

of years enabled the program to address a
broad range of national needs with a

portfolio of evolving technologies. Allowing
time between solicitations enabled Congress to
adjust the goals of the program to meet chang-
ing national needs, provided DOE time to
revise the implementation process based on
lessons learned in prior solicitations, and
provided industry the opportunity to develop
better projects and more confidently propose
evolving technologies.

Demonstrations are conducted at commer-
cial scale in actual user environments.
Typically, a technology is constructed at
commercial scale with full system integration,
reflective of its intended commercial configura-
tion, and operated as a commercial facility or
installed on an existing commercial facility.
This enables the technology’s performance
potential to be judged in the intended commer-
cial environment.

The technical agenda is determined by
industry, not the government. Based on

goals established by Congress and policy
guidance received, DOE set definitive perfor-
mance objectives and performance-based
evaluation criteria against which proposals
would be judged. Industry was given the
flexibility to use their expertise and innovation
to define the technology and proposed project
in response to the objectives and criteria. DOE
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selected the projects based on those that best
met the evaluation criteria.

Roles of the government and industry are
clearly defined and reflect the degree of cost-
sharing required. The government plays a
significant role up front in structuring the
cooperative agreements to protect public
interests. This includes negotiating definitive
performance milestones and decision points
throughout the project. Once the project
begins, the industrial participant is responsible
for technical management, while the govern-
ment oversees the project through aggressive
monitoring and engages in implementation only
at decision points. Continued government
support is assured as long as project milestones
and the terms and conditions of the original
cooperative agreement continue to be met.

At least 50 percent cost-sharing is required
throughout all project phases. Industry’s
cost-share was required to be tangible and
directly related to the project, with no credit for
previous work. By sharing essentially in each
dollar expended along the way, on at least an
equal basis, industry’s commitment to fulfilling
project objectives was strengthened.

Allowance for cost growth provides an
important check-and-balance feature to the
program. Statutory provisions allow for
additional financial assistance beyond the
original agreement in an amount up to 25 per-
cent of DOE’s original contribution. Such
financial assistance, if provided, must be cost-
shared by the industrial participant at no less
than the cost-share ratio of the original coopera-
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tive agreement. This statutory provision In summary, there are built-in checks and balances
recognizes the risk involved in first-of-a-kind  to ensure that the industry and government roles are
demonstrations by allowing for cost growth.  appropriate and that the government serves as a risk-
At the same time, it recognizes the need for theharing partner without impeding industry from using
industrial participant’s commitment to share  its expertise and getting the technology into the market-
cost growth and limits the government’s place.

exposure.

Industry retains real and intellectual

property rights. The level of cost-sharing
warrants the industrial participant retaining
intellectual and real property rights and
removes potential constraints to commercial-
ization. Industry would otherwise be reluctant
to come forward with technologies they have
developed to the point of demonstration,
relinquishing their competitive position.

Implementation Process

Significant public and private sector involvement
was integral to the process leading to technology
demonstration and critical to program success. Even
before engaging in a solicitation, a public process was
instituted under the National Environmental Policy Act
(NEPA) to review the environmental impacts. A
Industry must make a commitment to programmatic environmental impact assessment
commercialize the technology.Consistent (PEIA), followed by a programmatic environmental
with program goals, the industrial participant isimpact statement (PEIS), was prepared prior to initiat-
required to make the technology available on ang solicitations. Public comment and resolution of
nondiscriminatory basis to all U.S. companies comments were required prior to proceeding with the
that seek, under reasonable terms and condi- program.
tions, to use the technology. While the As to the solicitation process, Congress set the
technology owner is not forced to divulge goals for each solicitation in the enabling legislation
know-how to a competitor, the technology and report language (see Appendix A for legislative
must be made available to potential domestic history and Appendix B for program implementation
users on reasonable commercial terms. history). The Department of Energy translated the
congressional guidance and direction into perfor-
mance-based criteria and developed approaches to
address lessons learned from previous solicitations.
Before proceeding with a solicitation, however, an
outline of the impending solicitation and attendant
issues and options was presented in a series of regional
public meetings to obtain feedback. The public meet-
ings were structured along the lines of workshops to
facilitate discussion and obtain comments from the

Upon successful commercialization of the
technology, repayment up to the govern-
ment’s cost-share is required.The repay-
ment obligation occurs only upon successful
commercialization of the technology. lItis
limited to the government’s level of cost-
sharing and the 20-year period following the
demonstration.



broadest range of interests. Comments from the publi@main as an environmental assessment (EA) along and defining the data to be collected and the methodol-
meetings were then used in preparing a draft solicita- with a finding of no significant impact (FONSI). ogy for collection. All cooperative agreements re-
tion, which in turn was issued for public comment. During the EIS process, public meetings are held for quired preparation of environmental monitoring reports
Comments received were formally resolved priorto  the purpose of disclosing the intended project activi- that provide results of the monitoring activities. As
solicitation issuance. ties, with emphasis on potential environmental, healthenvironmental issues emerged, every effort was made
To aid proposers, preproposal conferences were safety, socioeconomic impacts, and planned mitigating address them directly with the understanding that
held for the purpose of clarifying any aspects of the measures. Comments are sought and must be resolaenmercial technology acceptance hinged on satisfy-
solicitation. Further, every attempt was made in the before the project can proceed. This process has ledng users and the public as to acceptable environmental
solicitation to impart a clear understanding of what waadditional actions taken by the industrial participant performance. Appendix C reviews the proactive
being sought, how it would be evaluated, and what cobeyond the original project scope. To facilitate the environmental stance taken by the program, further
tractual terms and conditions would apply. A section NEPA process, DOE encouraged environmental datadelineates the NEPA process, and provides the status
of the solicitation was devoted to helping potential proeollection through cost-sharing during the negotiationof key actions.
posers determine technology eligibility, and numericalperiod contingent upon project award. Projects are managed by the participant, not the
guantification of the evaluation criteria was provided. Because of the environmental nature of the CCT government. However, public interests are protected
The solicitation also contained a model cooperative Program, DOE took a proactive posture in carrying oty requiring defined periods of performance referred
agreement with the key relevant contractual terms andhe principles of NEPA. Environmental concerns wert as budget periods, throughout the project. Budget
conditions. aggressively addressed and the public engaged prioqteriods are keyed to major decision points. A set
Project selection and negotiation leading to awardmajor expenditure of public funds. Furthermore, DOEmount of funds are allotted to each budget period,
were conducted under stringent rules carrying criminatequired that an in-depth environmental monitoring along with performance criteria to be met before
penalties for non-compliance. Proposals were evaluaplan (EMP) be prepared, fully assessing potential  receiving funds for the next budget period. These
ed and projects negotiated strictly against and within pollutant emissions, both regulated and unregulated, criteria are contained in project evaluation plans
the criteria and terms and conditions established in the (PEPs). Progress reports and meetings during budget
solicitation. In the spirit of NEPA, information Y The NEPA process assured environmental acceptability of the Healy periods serve to keep the government in-
required and evaluated included project-specifiClean Coal Project on the border of Denali National Park in Alaska. formed. At the decision points, progress
environmental, health, safety, and socioeconon against PEPs is formally evaluated, as is the
ic aspects of project implementation. : PEP for the next budget period. Financial data
Upon project award, another public proces is also examined to ensure the participant’s
was engaged to ensure that all site-specific capability to continue required cost-sharing.
environmental concerns were addressed. The Failure to perform as expected results in

National Environmental Policy Act requires that
a rigorous environmental assessment be con-
ducted to address all potential environmental,
health, safety, and socioeconomic impacts

associated with the project. The findings can

precipitate a more formal environmental impacty

statement (EIS) process, or the findings can

greater government involvement in the deci-
sion-making process. Proposal of major
project changes precipitates not only in-depth
programmatic assessment, but legal and pro-
curement review as well. 